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PREFACE 


TO  THE  FIRST  EDITION. 


Whiex  a  subiect  cannot  be  followed  by  a  reader  without  dudy^  it 
wtjKiHd  seem  unreasonable  to  expect  that,  without  some  assistance,  it  should 
be  fbiioved  at  a  lecture.  Under  this  impression,  from  the  time  that  I 
tecune  a  lectoier,  I  applied  myself  so  to  improve  and  multiply  the  means 
•od  methods  of  experimental  illustration,  as  to  render  manipulation  easier, 
SDd  the  result  more  interesting  and  instructive. 

But  notwithstanding  all  my  efibrts,  there  remained  obstacles  to  be  sur- 
■moled.  Howerer  striking  might  be  the  experimental  illustration  of  a 
property  or  principle,  the  rationale  might  be  incomprehensible  to  a  majority 
of  fflj  class,  unles  an  opportunity  for  studying  it  were  afforded  them. 

A^D,  some  of  my  contrivances,  which  greatly  facilitated  my  experi- 
m^ntA.  were  loo  complex  to  be  understood  without  a  minuteness  of  expla- 
cattf^,  whjch,  even  if  it  were  useful  and  agreeable  to  some  of  my  hearers, 
n-jdit  be  useless  and  irksome  to  others ;  and  to  such  minutiae  I  have  not 
detmed  ii  cipedicnt  to  exact  attention. 

A  <!^ierrixal  class,  in  a  medical  school,  usually  consists  of  individuals, 

•>?  'i!T*T  midely  with  respect  to  their  taste  for  chemistry,  and  in  opinion 

a*  xtj  'j^  extent  to  which  it  may  be  practicable  or  expedient  for  them  to 

MLTfj  *L    There  is  also  much  disparity  in  the  opportunities  which  they  may 

fcarf  f-flK'Ved.  of  acquiring  some  knowledge  of  this  science,  and  of  others 

wnicb  an  subsidiary  to  its  explanation.     Hence  a  lecturer  may  expatiate 

too  rxEJch  fcr  one  portion  of  his  auditors,  and  yet  be  too  concise  for  another 

portKio.     While  to  the  adept  he  may  often  appear  trite,  to  the  novice  he 

naj  9s  otien  appear  abstruse. 

Sofoe  papilsj  actuated  by  a  laudable  curiosity,  under  circumstances  per- 
nacnng  its  indulgence,  may  desire  an  accurate  knowledge  of  the  apparatus 
tr  which  my  experimental  illustrations  are  facilitated:  other  pupils  may 

justified,  perhaps  necessitated,  not  to  occupy  their  time  with 
of  any  knowledge  which  is  not  indispensable  to  graduation. 
gf^  90iae  y       >**  experience  of  the  difficulties  abovementioned,  I  came 
to  At  eoocStiB  ^''^^^  *^  ^"^  spent  >n  the  lecture  room  might  be  rendered 

pY  >Ie,  if  students  could  be  previously  apprized  of  the  chain 
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of  ideas,  or  the  apparatus  and  experiments,  to  be  subjected  to  attention  at 
each  lecture ;  especially  as  the  memory  might  afterwards  be  refreshed  by 
the  same  means.  In  consequence  of  this  conviction,  the  minutes  of  my 
course  of  instruction  were  printed;  and  subsequently  a  work,  comprising 
engravings  and  descriptions  of  the  larger  portion  of  such  of  my  apparatus 
and  experiments,  as  could  in  this  way  be  advantageously  elucidated.  En- 
couraged by  the  success  of  my  plan,  I  am  now  preparing  an  edition  which 
will  be  still  more  extensive.  The  work  thus  expanded,  I  have  entitled 
"  A  Compendium  of  the  Course  of  Chemical  Instruction  in  the  Medical 
School,"  &c. 

There  will  be  much  matter  in  the  Compendium,  respecting  which  I  shall 
not  question  candidates  at  the  examination  for  degrees.  With  the  essence 
of  the  larger  part,  I  shall  undoubtedly  expect  them  to  be  acquainted;  but 
other  portions  have  been  introduced,  that  I  may  not  be  obliged  to  dwell 
upon  them  in  my  lectures,  and  that  attention  to  them  may  be  optional  on 
the  part  of  the  students.  To  designate  the  portion  of  the  work,  respecting 
which  candidates  for  degrees  will  not  be  questioned,  I  hare  had  it  pHnted 
in  a  smaller  type,  excepting  where  it  was  too  much  blended  with  subjects 
of  primary  importance  to  be  separated.  I  wish  it,  however,  to  be  under- 
stood, that  I  shall  expect  attention  to  the  parts  thus  distinguished,  so  fiir  as 
they  may  be  necessary  to  a  comprehension  of  the  rest.  Thus,  although  I 
do  not  deem  it  to  be  a  part  of  my  duty  to  question  a  pupil  on  pneumatics,  I 
shall  expect  him  to  understand  the  influence  of  atmospheric  pressure  upon 
chemical  reaction,  and  in  pncumato-chemical  operations. 

One  great  and  almost  self-evident  advantage,  resulting  fh)m  my  under- 
taking, I  have  yet  to  mention ;  I  allude  to  the  instruction  which  students 
may  derive  from  the  Compendium,  either  before  or  subsequently  to  their 
attendance  on  my  lectures,  and  especially  during  the  period  which  inter- 
venes between  their  first  and  second  course. 
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TO    THE    FOURTH   EDITION, 


Tn  soggof^oDs,  which  were  made  in  the  Preface  to  the  first  edition  of 
tlir  Cofxipendium,  respecting  the  necessity  of  an  appropriate  text  book,  to 
i^i  tnd  extentl  the  instruction  afforded  by  the  course  of  chemical  lectures, 
4ei«»rc-d  in  the  Medical  Department  of  the  University  of  Pennsylvania,  have 
■n^aiTPfi  •dditional  force  since  that  Preface  was  written.  During  the  twelve 
ictrrreuing  years  the  boundaries  of  those  portions  of  human  knowledge  over 
wSSlCfiSSStfy^lSs  established  a  rightful  domain,  have  undergone  an  ex- 
msQo  coaimensurate  with  the  time*  It  is,  of  course,  proportionably  more 
tfcuh  to  do  justice  to  the  whole  of  the  wonderful  region  comprised  within 
ikue  boundaries  in  sixty  lectures  delivered  within  four  months.  Formerly, 
tiK  attcstioQ  of  the  student  was  alternately  claimed  by  six  professors ;  but 
iaaeriy,  tin"  claims  of  a  8C>'enlh  professor  have  been  added  to  those  pre- 
T.-ri*  y  eslah'L'shed.  Nevertheless,  I  am  under  the  impression,  that  with  the 
i^  -caij^-tf^  vkL'.h  ray  text  books  arc  competent  to  afford,  my  course  of  lec- 
t  ij».v  ':..r.«'r  a>  it  ii*.  mav  Ixi  more  ser\'iceablc  to  a  student  tcho  mdkez  due 
%uttf  tho^  Uxt  books,  than  it  could  prove,  were  its  duration  doubled,  with- 
r-ik*.  >..u:r  asviriated  with  treatises  made  expressly  for  the  purj)ose  of  ampli- 

f;  ij  -^i*-*  information  partially  afforded  by  my  lectures,  or  of  remedying 

t>.r  :r.' viMhl*^  omissions, 
lliv  J  -if.^ii  pn'vented  by  indisposition  from  commencing  this  work  as 

fnr-\  :i-  -x^Kc'ifnt,  I  am  under  the  necessity  of  issuing  that  part  which  re- 

tS'-i  r  •  C'i;  no.  Light,  and  Inorganic  Chemistry  first.  Dynamic  Electri- 
cs;..  '.»n:;'r.*ing  Galvanism  or  V^oltaic  Electricity,  and  Electro-magnetism, 
tav  nz  't0^Ti  already  issued,  I  shall  in  the  next  place  republish  my  Treatise 
f<x  Mf-cfjaciral  Klectricity.  Then  to  complete  the  new  edition  of  my  text 
t0jrj£^s,  f*n]y  Organic  Chemistry  will  remain  to  be  reprinted.  On  this  branch 
I  t^.r0-  to  farni'^h  a  treatise.'  iKjfore  I  reach  that  part  of  my  course  of  lectures, 
in  nbijch  iT  b^,-cocnes  the  object  of  attention. 

/  azn  iD  tH'fffn  that  numbering  the  paragraphs,  an  excellent  expedient  re- 
SDried  to  l/\  /ne  for  the  first  time  in  this  edition,  will  be  found  advantageous 
•»  the  nmieft  hy  rendering  references  from  one  part  of  the  work  to  another 

a.n<i  consequently  more  frequent. 
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DEFINITIONS  OF  CHEMISTRY. 

It  is  natural  that  a  person  whose  attention  may  be  directed  to  cheir 
should  inquire  of  what  does  it  treat,  or  bow  is  it  to  be  defined  or  < 
guished  from  other  sciences  ? 

Agreeably  to  the  definition  given  in  the  second  page  of  the  Compcn 
chemistry  trcates  of  those  phenomena  and  operations  of  nature  which 
from  reaction  between  particles  of  inorganic  matter. 

I  subjoin  several  other  definitions  from  some  of  the  most  celel 
modem  writers  on  chemistry. 

Thomson  defines  chemistry  to  be  "  the  science  which  treats  of 
events  or  changes  in  natural  bodies,  which  are  not  accompanied  b; 
sible  motions.'* 

Henry  conceives  that  "  it  may  be  defined,  the  science  which  invest 
the  composition  of  material  substances,  and  the  permanent  chan^ 
constitution,  which  their  mutual  actions  produce." 

According  to  Murray,  "  it  is  the  science  which  investigates  the  c 
nations  of  matter,  and  the  laws  of  those  general  forces,  by  which 
combinations  are  established  and  subverted." 

Brande  alleges  "  that  it  is  the  object  of  chemwtry  to  investiga 
changes  in  the  constitution  of  matter,  whether  eficcted  by  heat,  mixtu 
other  means." 

According  to  Ure,  "  chemistry  may  be  defined  that  science,  the 
of  which  is  to  discover  and  explain  the  changes  of  composition  that 
among  the  integrant  and  constituent  parts  of  difierent  bodies." 

The  definition  given  by  Berzelius  is  as  follows : — '<  Chemistry' 
science  which  makes  known  the  composition  of  bodies,  and  the  roam 
which  they  comport  with  each  other." 
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INTRODUCTION- 

I.  The  phenomena  and  operations  of  the  material  worid 

rar  to  be  dependent  on  certain  properties  in  the  parti- 
or  masses  of  matter  which  enable  them  to  exercise 
i  reciprocal  influence.  Without  this  reciprocal  action, 
ifcich  I  would  prefer  to  call  reaction,*  every  particle  or 
M86  would  be  as  if  no  other  existed,  and  could  itself  have 
noetttieni  existence. 

2.  The  reciprocal  action  or  reaction,  thus  inferred  to 
exist  may  be  distinguished  as  taking  place  between  masses, 
between  a  mass  and  particles,  and  between  particles  only. 

3.  Reaction  htiween  masscsli  is  sublimely  exemplified  in 
the  solar  sjstem,  by  that  attraction  between  the  sun  and 
ph^ts  by  which  they  are  made  to  revolve  in  their  orbits. 

4-  Reaction  between  a  mass  and  particles  is  exemplified 
by  the  reflection,  refraction,  and  polarization  of  light. 

5.  hioction  between  particles  is  exemplified  by  a  fire,  or 
tkc  explosion  of  gunpowder. 

De^mition  of  Natural  Philosophy^  Chemistry^  and 

Physiology. 

6.  Satural  Philosophy^  in  its  most  extensive  sense,  treats 
of  physical   reaction  generally.     In  its  more  limited  and 

cMf  •ction  LB  said  to  produce  reaction ;  but  in  the  case  of  an  innate 

motBaJlj  causes  different  portions  of  matter  to  be  self  attractive, 

it  U  impoesiole  to  distinguish  the  agent  from  the  reagent.    From  our 

wilfa  aaj  bodies  so  situated,  thej  may  be  said  mutually  to  react, 


y  I  mean  a  congeries  of  particles  capable  of  producing  some 
[jy  to  which  seTendly  they  would  be  ineompetent 
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usual  acceptation,  it  treats  of  those  phenomeDa  and  ope-  isa 
rations  of  nature,  which  arise  from  reaction  between  i^a^ 
masses,  or  between  a  mass  and  particles.  st 

7.  Chemistry  treats  of  the  phenomena  and  operations  of  n 
nature,  which  arise  from  the  reaction  between  the  particles  :^ 
of  inorganic  matter. 

8.  Physiology  treats  of  the  phenomena  and  operaticMiSf  ^. 
which  arise  from  the  reaction  of  the  masses  or  atoms  of  .^ 
organic  or  living  bodies.  ^. 
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OF  CHEMICAL  REACTION. 

9.  Reaction  between  particles,  or  chemical  reaction,  it 
distinguished  into  repulsive  reaction  or  repulsion,  and 
attractive  reaction  or  attraction.  ». 

a 

OF  REPULSIVE  REACTION  OR  REPULSION. 

■■^ 

A  Priori  Proofs  thai  there  must  be  a  Matter  in  which  JBs-  s 
pulsion  exists  as  an  Inherent  Property.  e 

10.  Matter  may  be  defined  to  be  that  which  has  pr<^r-   ' 
ties.    We  know  nothing  of  matter  durectly.    It  is  onhr  ' 
with  its  properties  that  we  have  a  direct  acquaintance,   ft 
is  from  our  perception  of  matter,  through  the  powers  or 
properties  by  which  it  afiects  our  senses,  that  we  believe 
m  its  existence. 

11.  The  existence  of  repulsion  and  attraction  is  as  evi- 
dent as  that  of  the  matter  which,  in  obedience  to  their  j 
successive  predominancy,  may  be  seen  either  to  cohere,  in  ^ 
solids,  with  great  tenacity,  or  to  fly  apart  with  explosivt  '^ 
violence  in  Uie  state  of  a  vapour.    The  existence  of  re-  ^i 
pulsion  and  attraction  being  proved,  it  must  be  admitted  ^* 
that  they  are  properties  of  matter ;  since  the  existence  of  > 
a  property,  independently  of  matter,  is  inconceivable.   But  h 
being  of  a  nature  to  counteract  each  other,  the  repellent 
and  attractive  powers  cannot  coexist  in  particles  of  the 
same  kind,  and  consequently  must  belong  to  particles  of 
different  kinds.    There  must,  therefore,  be  a  matter  en-  A 
dowed  with  repulsion,  distinct  from  that  which  is  endowed 
with  attraction. 

12.  I  conceive  that  the  phenomena  of  chemistry  demon-  ^^ 
strate  that  there  are  at  least  the  three  following  propertieSp  h 
which,  from  their  obvious  incompatibility,  cannot  belong  '^^ 
to  the  same  elementary  particles.  ^ 
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13.  1st.  An  innate  property  of  reciprocal  attraction. 

14.  2d.  An  innate  property  of  counteracting  attraction 
directly,  by  imparting  reciprocal  repulsion. 

15.  3d.  An  innate  property  of  imparting  an  attraction, 
Tiriable  in  its  force,  and  limited  and  contingent  in  its  du- 
ratioD. 

16.  I  presaroe  that  there  must  be  at  least  three  different 
kiikb  of  matter,  to  each  of  which,  one  of  the  properties 
ihos  specified  innately  appertains. 

17.  The  permanent  and  unvarying  attractive  power  is 
exen^lified  by  gravitation,  and,  as  modified  by  circum- 
staitest  by  tenacity,  or  cohesion. 

IS.  It  resides,  undoubtedly,  in  every  kind  of  matter  en- 
iowed  with  weight,  and  consequently  in  all  that  is  consi- 
dered as  material  by  the  mass  of  mankind. 

19.  It  must  likewise  act  between  each  of  those  impon- 
derable principles  which  I  am  about  to  mention,  and  all 
oiber  matter,  whether  ponderable  or  imponderable. 

20.  The  power  of  imparting  reciprocal  repulsion  to 
mderaUe  matter  is  supposed  by  chemists  generally  to 
MoQg  to  certain  imponderable  material  reciprocally  repul- 
me  particles,  constituting  the  cause  of  heat,  called  ca- 
loric 

21.  The  power  of  indirectly  counteracting  attraction, 
aod  substituting  for  it  a  contingent  and  variable  attraction, 
appears  to  belong  to  electricity.  Light  also  appears  to 
eienrise  a  modifying  influence. 

22.  Thus  we  have  reason  to  infer  the  existence  of  at 
least  three  imponderable  substances — electricity,  caloric, 
and  brht — each  consisting  of  particles  reciprocally  repul- 
«re,  vei  attractive  of  other  matter,  and  probably  more  or 
lew  artrartive  of  each  other. 

OF  CALORIC. 

Exferimen/ai  Proofs  of  the  Existence  of  a  material  Cause 

of  Calorific  Repulsion. 

23.  It  has  been  ascertained  that  ice  melts  and  water     ^ 
\  kl  the  temperature  of  32°  of  Fahrenheit's  thermo- 

l(  at  this  temperature,  which  is  called  the  freezing 
Joe  in  &  divided  state,  as  in  that  of  snow  for  in- 
be  miogl^^  with  an  equal  weight  of  water  at  172% 
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the  ice  will  be  melted,  and  the  resulting  temperature  will 
be  32^ ;  but  if  equal  weights  of  water  be  mingled  at  those 
temperatures,  the  mixture  will  have  the  mean  heat  of  102^« 

24.  It  follows  that  a  portion  of  heat  becomes  latent  in 
the  aqueous  particles  during  the  liquefaction  of  the  ice, 
sufficient  to  raise  an  equal  weight  of  water  one  hundred 
and  forty  degrees.  In  this  case  the  ice  is  sup(K)sed  to 
combine  with  material  calorific  particles,  innately  endowed 
with  a  power  of  reciprocal  repulsion,  and  likewise  with 
that  of  combining  with  ponderable  matter.  Hence  water 
is  considered  as  a  combination  of  ponderable  partidest 
endowed  with  a  reciprocally  attractive  power,  and  impon- 
derable particles  endowed  with  a  reciprocally  repellent 
power ;  so  that,  in  obedience  to  the  power  last  mentioned, 
the  compound  atoms,  instead  of  cohering  as  in  the  solid 
state,  move  freely  among  each  other,  forming  consequently 
a  liquid. 

25.  In  all  cases  of  liquefaction  or  fusion  which  have 
been  examined,  analogous  results  have  been  observed; 
whence  it  is  generally  believed  that  whenever  a  solid  is 
converted  into  a  liquid,  its  particles  unite  with  a  portion  of 
the  material  cause  of  heat,  which  becomes  latent,  as  in  the 
case  of  ice  in  melting.  The  evidence  is  equally  strong  in 
favour  of  the  inference  that  in  passing  from  the  liquid  to 
the  aeriform  state,  ponderable  matter  combines  with,  and 
renders  latent  even  a  larger  quantity  of  heat  in  proportion 
to  its  weight,  than  in  cases  of  liquefaction. 

26.  When,  by  means  of  a  thermometer,  we  observe  the 
rise  of  temperature  in  water  exposed  to  a  regular  heat,  as 
when  placed  in  a  cup  upon  a  stove,  we  find  that  nearly 
equal  increments  of  heat  are  acquired  in  equal  times,  until 
the  boiling  point  is  attained.  Subsequently,  the  cup  being 
open  so  as  to  allow  the  steam  to  escape  freely,  no  fiirther 
rise  of  temperJiture  will  be  found  to  ensue;  but  in  lieu  of 
it,  steam  will  be  evolved  more  or  less  copiously,  in  propor- 
tion to  the  activity  of  the  fire.  Since  from  the  time  the 
water  boils  it  ceases  to  grow  hotter,  it  may  be  fairly  pre- 
sumed that  the  steam  generated  during  the  ebullition,  al- 
though of  a  temperature  no  higher  than  212%  contains,  in 
a  latent  state,  the  caloric  which  meanwhile  enters  the 
liquid.  This  presumption  is  fully  justified  by  the  fact,  that 
if  any  given  weight  of  steam  be  received  in  a  quantity  of 
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cool  water  ten  times    heavier,  it  will  cause  in  it  a  riset^of 
icflperature  of  nearly  one  hundred  degrees.  i 

B,  The  heat  -which  would  raise  ten  parts  of  water  to 
IWdegrees,  would,  if  concentrated  into  one  of  those  parts, 
nk  it  to  lOOO  degrees  nearly,  which  is  about  equal  to  a 
nd  beat  It  foUo-ws,  therefore,  that  as  much  heat  is  ab- 
mkd  in  producing  steam,  as  would  render  the  water  of 
fibdk  it  consists  red-hot,  if  prevented  from  assuming  the 
aihform  state. 

28.  These  facts  and  deductions  induce  chemists  general- 
ij  to  believe  that  the  cause  of  calorific  repulsions  is  mate- 
mi;  that  it  consists  of  a  fluid,  of  which  the  particles  are 
fd^pellent^y  Tn^hile  they  attract  other  matter;  that  by  the 
BDioQ  of  this  fluid  with  other  matter,  a  repulsive  property 
u  imparted,  i^hich  counteracts  cohesion,  so  as  to  cause, 
soccessWely,  expansion,  fusion,  and  the  aeriform  state; 
aod  further,  that  it  is  by  the  afllux  of  the  calorific  matter 
tkt  the  sensation  of  heat  is  produced,  while  that  of  cold 
laahs  from  its  efllux. 

Acceptation  of  the  term  Caloric. 

29.  If  wc  place  a  small  heap  of  fulminating  mercury ^ 

npon  the  face  of  a  hammer,  and  strike  it  duly  with  another 

hannner,  an  explosion  will  ensue  so  violent  as  to  cause  a 

visible  indentation  in  the  steel  surface.     This  explosion, 

ai?T«ably  to  the  premises,  can  only  be  explained  by  sup- 

pr*5m2  the  evolution  of  a  great  quantity  of  the  material 

ciu«*  of  heat.     Were  an  equal  quantity  of  red-hot  sand  to 

hi:  fuAlenly  quenched  with  water,  the  effect  would  be  com- 

parativfrty  feeble.     We  may,  therefore,  infer  that  the  ful- 

nunatin^  powder,  though  cold,  contains  more  of  the  cause 

of  beat  fhan  a  like  quantity  of  red-hot  sand.     Hence  it 

tkoukl   follow  from  using  the  word  heat  in  the  sense  both 

of  cause  and  effect,  that  there  is  more  heat  in  a  cold  body 

tkaa  in  a  hot  one,  which  in  language  is  a  contradiction. 

Od  thi.-  account  it  was  considered  proper  by  the  chemists 

of  the  I^voisierian  school,  to  use  a  new  word,  caloric j  to 

^ignatc  the  material  cause  of  calorific  repulsion. 

Expcriincntal  lUnstratioji. 

1^  A  portion  of  fulminating  mercury  exploded  between 
^ohunmers. 


IMPONDBRABLB  SUBSTANCES. 


ORDER  PURSUED  IN  TREATING  OF  CALORIC 

Expansion. — Modification  of  the  sffbcts  of  Caloric  bt  Atmos* 
PHERic  Pressure. — Capacities  for  Heat,  or  Specific  Hbat^-—  u 
Slow  Communication  of  Heat,  comprising  the  Conductino  Pro- 
cess AND  Circulation. — Quick  Communication  of  Heat,  or  Ra^ 
DiATioN. — Means  of  producing  Heat,  or  rendering  Caloric  sbw- 
BIBLE. — Means  of  producing  Cold,  or  rendering  Caloric  lathrw  \ 
—States  in  which  Caloric  exists  in  Naturb.  ^ 
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EXPANSION. 

OF  THE  EXPANSION  OF  SOLIDS,  LIQUIDS,  AND  ELASTIC  FLmOSt 
AND  ON  THE  OPPONENT  AGENCY  OF  ATMOSPHERIC  AND  OTHSE 
PRESSURE. 

Expansion  of  Solids* 

31.  A  ring  and  plug,  which  when  cold  fit  each  othert 
cease  to  do  so  when  either  is  heated;  and  a  tire  when  red^ 
hot  is  made  to  embrace  a  wheel  otherwise  too  large  for  it*  ; 

Pyrometer^  in  which  the  Extensioriy  in  lengthy  of  a  Metallic  Bar  is  ren- 

dered  sensible  by  a  Combination  of  Levers* 

32.  The  influence  of  temperature  on  the  length  of  a  metallic  wire  nuiy  be 
rendered  evident  by  means  of  the  instrument,  of  which  fig.  1,  in  the  oppo> 
site  engraving  is  a  representation. 

88.  WW,  represents  a  wire,  beneath  which  is  a  spirit  lamp  cousistiiig 
of  a  long,  narrow,  triangular  vessel  of  sheet  copper,  open  along  the  upper 
angle,  so  as  to  receive  and  support  a  strip  of  thick  cotton  cloth,  or  a  sue* 
cession  of  wicks.  By  the  action  of  the  screw  at  S  the  wire  is  tightened, 
and  by  its  influence  on  the  levers,  the  index  I  is  raised.  The  spirit  lanop 
is  then  lighted  and  the  wire  enveloped  with  flame.  It  is  of  course  heated 
and  expanded,  and,  allowing  more  liberty  to  the  levers,  the  index  upheld 
by  them  falls. 

84.  By  the  action  of  the  screw  the  wire  may  be  again  tightened,  and,  the 
application  of  the  lamp  being  continued,  will  again,  by  a  further  expan- 
sion, cause  the  depression  of  the  index ;  so  that  the  experiment  may  be 
repeated  several  times  in  succession.  ; 

35.  Since  this  figure  was  drawn,  I  have  substituted  for  the  alcohol  lamp  ; 
the  more  manageable  flame  of  hydrogen  gas,  emitted  from  a  row  of  aper*  I 
tures  in  a  pipe  supplied  by  an  apparatus  for  the  generation  of  that  gas.  | 
See  fig.  2. 

86.  If,  while  the  index  is  depressed  by  the  expansion,  ice  or  cold  water 
be  applied  to  the  wire,  a  contraction  immediately  follows  so  as  to  raise  the 
index  to  its  original  position. 

37.  Metals  are  the  most  expansible  solids,  but  some  are  more  expansibU 
than  others. 

88.  The  following  table,  abstracted  by  Turner  from  that  furnished  by 
Lavoisier,  will  show  the  increase  of  bulk  obtained  by  glass  and  various  me- 
tals  in  rising  in  temperature  from  32^  to  212^. 


tHrng  tie  Power  ef  Caloric  in  e*p«mdi»g  a  USelaJlic  Bad. 
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m^  ^irf«Ti»  EUm^iUian  when  heated 

mmej  -Mfraarrr.  ^om  32°  to  212°. 

ittibc  vHkoot  iMd,  memn  of  three  Bpecimens  1-1115  of  its  length. 

iMiiatflMs, M24d 

m, 1581 

UBBKi  of  twoqweimens, 1-532 

1, 1.819 

-•-        •        -        .        >  1-812 

il, 1-927 

1-807 

1-351 

1^16 

rFftlmoath, 1-462 

r, 1524 

,  mmtM  ei  tfcfee  roecimena, 1-602 

dbyBorda, 1.1167 


H  f^^fumetera  have  been  made  of  platinum,  in  one  of  which,  invented 
(Mfitt,  changes  in  the  length  of  a  cylinder  of  this  metal,  arising  from 
KratQie,  are  made  sensible  by  the  motion  of  a  lever  associated  with  it, 
vhich  acts  as  an  index.  In  the  other,  a  bulb  is  formed  of  platinum, 
Eke  degree  of  heat  is  inferred  from  the  quantity  of  air  expelled. 
L  The  use  of  this  air  pyrometer  is  burdened  by  the  necessity  of  mea* 
WBOi  and  calculation  to  ascertain  the  result.  This  might  be  very  much 
iMed  by  the  use  of  a  sliding  rod  and  air-gauge.  The  retraction  of 
«d  migjit  be  made  to  compensate  the  expulsion  of  air,  while  divisions 
on  it  woukl  indicate  the  quantity. 


xfoimenial  lUustration  of  the  different  Expansibility  of 

Metals. 

U.  That  the  expansibility  of  one  metal  may  exceed  that 
mother,  may  be  rendered  apparent  by  soldering  to- 
iber,  face  to  face,  two  thin  strips,  one  iron  the  other 
IS.  On  exposure  to  heat,  the  compound  strip,  thus 
BsUluted,  assumes  the  shape  of  an  arch.  The  brass, 
Ittch  IS  the  more  expansible  metal,  forms  the  outer  and  of 
Brso  larger  curve. 

Vposed  Exception  to  the  Law  that  Solids  expand  by  Heat 
in  the  case  of  Clay^  which  contracts  in  the  Fire. 

12.  The  phenomena  do  not  justify  us  in  considering  the 
fraction  of  clay  from  heat  as  an  exception  to  the  ge- 
il  law.  In  the  first  instance  clay  shrinks  by  losing 
Icr,  of  which  the  last  portions  are  difficult  to  expel.  In 
taext  cdace  a  chemical  union  takes  place  between  the 
Kqmi  ingredients,  silica  and  alumina,  which  is  rendered 
it  complete  in  proportion  to  the  duration  and  intensity 
ib  file.     It  may  be  presumed  that  the  vitreous  com- 
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pound,  which  would  result  from  a  complete  fusion  ai 
combiuatioD  of  the  constituents,  would  be  as  expansible  . 
other  vitreous  substaocea. 

Experimental  Iliustratum. 

43.  The  contraction  produced  by  heat  in  ^^UnderB 
clay  shown  by  means  of  uie  ingenious  but  inaccurate  pyr 
meter  of  Wedgwood. 

Expansion  of  Lipids  or  non-elastic  Fluids. 

44.  The  word  fluid  applies  to  every  mass  that  will  flv 
distribute  itself  equall)  in  obedience  to  its  own  weight  > 
self-repulsion. 

45.  Ponderable  fluids  are  either  elastic  or  non-elaad 
latterly  the  term  liquid  has  been  employed  to  designs 
those  fluids  which  are,  like  water,  alcohol,  and  oil,  devo 
of  elasticity,  a  property  which,  in  due  time,  I  shall  defii 
and  illustrate. 


liquids  are  expanded  when  their  Temperature  is  raised,  m 
some  Liquids  are  more  expansutle  than  others. 


CALOftlC  9 

4&  Let  two  glass  yessels  be  provided  with  bulbs  and 

Mcki  of  the  same  shape  and  dimensions  as  represented  in 

ibe  preceding  figure.    Let  one  of  them,  that  on  the  left  for 

iittoce,  be  supplied  with  as  much  alcohol  as  will  occupy 

k  10  the  level  aesignated  by  the  letters  O  O.    Let  the  ves- 

lel  OQ  the  right   be  occupied  with  water  to  the  same  level, 

die  height  of  the  liquid  in  each  being  made  to  correspond 

vith  a  little  fillet  of  white  paper  secured  about  the  neck. 

Cnder  each  vessel,  place  equal  quantities  of  charcoal,  bum* 

kg  with  a  similar  'degree  of  intensity ;  or  preferably,  sur« 

louDd  die  bulbs  simultaneously  with  hot  water  in  an  oblong 

nwi  of  suitable  dimensions.    The  Uquids  in  each  vessel 

win  be  expanded  so  as  to  rise  into  the  necks;  but  the  alco- 

U  Till  rise  to  a  greater  height  than  the  water. 

47.  The  dilatation  of  the  following  liquids,  by  a  change 
of  temperature  firom  32°  to  212%  is  as  follows — alcohol  1-9, 
utnc  acid  1-9,  fixed  oils  1-12,  sulphuric  ether  1-14,  oil  of 
tvpentine  1-14,  sulphuric  or  muriatic  acid  1-17,  brine 
l«2u,  water  1-23  nearly,  mercury  about  l-»55. 

48.  The  rate  of  expansion  for  liquids  increases  with  the 
tepciature;  as  if  their  particles,  by  becoming  more  re- 
note,  lost  some  of  their  ability  to  counteract  the  repubive 
adueiKre  of  caloric. 

49.  The  number  associated  with  each  of  the  substances 
m  the  following  list,  shows  its  melting  point  as  estimated  by 
Fabjtnlieii's  scale.  One  degree  of  Daniell's  pyrometer,  (39) 
by  ihich  the  temperatures  above  600"*  were  measured,  is 
ca>i!:it»Mi  to  be  equal  to  seven  of  Fahrenheit, 

:i*».  Oist  iron  3 179%  gold  2590%  silver  2233%  brass  1869% 
anrimony  x\i)\  zinc  648%  lead  606^  bismuth  497%  tin 
442,  5ii\phijr218%  beeswax  142%  spennaceti  112%  phos- 
fkyrw  l^^\  tallow  92%  olive  oil  36%  milk  30%  blood  25% 
*f-a  ^^:itf:r  27i\  oil  of  turpentine  14%  mercury — 39%  nitric 
acid — 15J  ,  s'ujphuric  ether — ^16^ 

Exrrpiion  to  tlie  Law  (hat  Liquids  expand  by  Heat. 

■M.  The  bulk  of  water  diminishes  with  the  temperature, 
«ril  It  ri-aches  39"^  nearly.  Below  this  point,  it  expands 
*»it  ffHjws  coldor,  and  in  froezinc;  increases  in  bulk  onc- 
isik.  This  wonderful  exception  to  the  law  that  liquids 
tifoi  by  heat^  appears  to  be  a  special  provision  of  the 
Aunr  ibr  the  preservation  of  aquatic  animals;  for  were 

'  2 
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water  to  increase  in  density  as  it  approaches  the  pent 
of  congelation,  the  upper  stratum  would  continue  to  wA 
as  refrigerated  in  booies  of  water  below  39"",  as  well  as  ii 
others.  Hence  a  whole  river,  lake,  or  sea  might,  in  hid 
latitudes,  be  rendered  too  cold  for  animal  life ;  and  finaS; 
be  so  far  converted  into  ice,  as  not  to  thaw  during  tb 
ensuing  summer.  Subsequent  winters  co-operating,  tb 
whole  might  be  consolidated  so  as  never  to  thaw.  Bo 
in  consequence  of  the  peculiarity  in  question,  the  coU 
est  stratum,  in  a  body  of  water  below  39%  remains  at  tof 
until,  if  the  cold  be  adequate,  congelation  ensues.  Tb 
buoyant  sheet  of  ice,  which  results  in  this  case,  forms  effec 
tively  a  species  of  winter  clothing  to  the  water  beneatl 
it;  and,  by  augmenting  with  the  frost,  opposes  an  increu 
ing  obstacle  to  the  escape  of  caloric  from  the  water  whid 
it  covers. 

Expansion  of  Aeriform  Fluids. 

52.  ASriform  fluids  are  much  more  expansible  AiBf 
Uquids.  In  order,  however,  to  appreciate  the  changes 
bulk  which  they  may  be  observed  to  sustain,  it  is 
sary  to  understand  the  influence  which  the  pressure  of  tb 
atmosphere  has  upon  their  density,  independently  oi  tenqpe 
rature.  The  simple  influence  of  heat,  in  expanding  then 
may  be  illustrated  by  holding  a  hot  iron  over  the  Uiermo 
meter  of  Sanctorio,  represented  in  the  following  figure. 

Thermometers. 

53.  The  invention  of  the  thermometer  is  ascribed  ti 
Sanctorio.  The  principle  of  that  form  of  the  instrumeoi 
which  he  contrived  may  be  understood  from  the  followim 
article. 


^■Mi  ^  Air  UhiMmttd  hy  iMe  Air  TkemomOer  of  Saneiorio  on 
a  targt  SetUe. 

L64>  TbebulbofBmBtranissupport* 
ed  by  a  ring  tud  an  upright  wire 
with  its  neck  downwards,  so  as  to 
have  its  orifice  beneath  tHe  surface  of 
the  water  in  a  small  glass  jar.  A 
healed  iron  being  held  over  the  ma- 
,  tiasa,  the  oontai^  air  is  so  much  in- 
creased in  bulk,  that,  the  vessel  being 
inadeqtiate  to  hold  it,  a  partial  escape 
from  the  orifice  through  the  water 
ensues.  On  the  removal  of  the  hot 
iron,  the  reddual  air  regains  its  pre- 
vious tempeiBtuie,  and  the  portion 
expelled  by  the  expansion  is  replaced 
by  the  water. 
55.  If  in  this  ease  the  quantity  of  air 
expelled  be  so  regulated,  that  wb^ 
the  remaining  portion  returns  lo  its 
previous  temperature,  the  liquid  rises 
about  half  way  up  the  stem,  or  neck, 
the  apparatus  will  constitute  an  air 
tberniometer.  For  whenever  the  tem- 
perature of  the  external  air  changes, 
the  air  in  the  bulb  of  the  matrass 
^  br  acqniiing  tbe  same  temperature,  sustain  a  corresponding  increase 
doBDutioa  of  bulk,  and  consetguently,  in  a  proportionate  degree,  influ- 
vite  bciziii  of  the  liquid  in  the  neck.  As  elastic  fluids  are  dilated 
ntn,  in  prviportion  to  the  temperature,  and  are  also  much  more  expan- 
ie  ian  liquids,  this  ibermometor  would  bo  very  accurate,  as  well  as 
Min:D>-ot  ID  seasibility,  were  it  not  influenced  by  almoaphoric  pressure 
••l!  a.*  tirnpprature.  On  this  account,  however,  it  was  never  of  much 
ii\.  ."•■j*>e"ijwilly,  liquids  were  resorted  to,  and  the  instrumeni  assumed 
efiKii^,s  giTerally  employed,  the  principle  of  which  is  explained.  (45.) 
S«.  1:  :!(p  f'..!ici»in^  pages  1  shall  give  engravings  and  descriptions  of 
tfann  of  the  ihfrmitmeier  used  in  the  laboratory,  of  the  self- registering 
awumeier.  ui"  ihf-  ditfercniial  thermometer,  and  of  an  apparatus  which 
mt9»*  -Jt-  ditler'-ncc  between  il  and  Sonclorio's  thermometer- 
fi.  A^!»«a(ily  to  ibe  example  of  my  predecessor  and  preceptor  Dr. 
vAt\i^.  I  have  been  accustomed  to  exhibit  to  my  class  the  blowing  and 
bif  vf  a  iberrnomcier.     Of  this  process  an  account  is  subjoined. 

EC  TbF  t±Kt  bhI  in  cooitruclinf  therm omaten  itra  made  at  almoit  all  the  gla« 
■a.  iuTUf  uiailly  a  capiilarj  perfaration.  Th«y  arc  made  bj  rapidJj  drawmj 
lihnUfi*  flaaa  ilohe  wbile  red-hot,  by  whicb  ineiru  it  i>  chaneed  into  a  long 
hfritaJ  *na^  iH  glaai.  in  the  uig  of  wbich  a  perToratian  eiiita,  in  conuqaence 
tmtMntf  of  the  viobe.  Wben  a  themionieter  tube  ii  aoflened  b;  eipoeuie  lo  a 
M,  ocAri  by  a  blow-pipe,  a  balb  maj  be  blonn  apon  it.  Wbile  the  bulb  ii  itill 
M,tka  Mhrr  rod  of  the  lube  ii  immeraed  in  mercury,  or  in  ipirit,  according  to 
tf^mm  br  which  the  instrument  ii  intended.  At  the  balb  cooli,  the  air  within 
d  lima  kILowb  the  liquid  tt 
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9. 


The  orifice  being  again  depressed  into  the  liqaid»  when  the  whole  becomes  cold  tht 
liqnid  will  fill  the  caTity  of  the  bulb.  This  result  will  be  hereafter  ftilly  •zpUioiA 
and  illustrated.  The  open  end  of  the  tube  beinfr  now  heated,  is  drawn  out  into  a 
filament  with  a  capillary  perforation.  The  bulb  being  raised  to  a  temperature  abovt 
the  intended  range  of  the  thermometer,  so  as  to  ezoel  all  the  superabundant  liifoMf 
the  point  is  fusecTso  as  to  seal  the  orifice  hermetically,  or  in  other  words  so  as  to  to 
perfectly  air-tight  In  the  next  place,  the  bulb  is  to  be  exposed  to  freesing  wilMi 
and  the  point  to  which  the  liquio  reaches  in  the  capillary  perforation  marked,  fa 
like  manner  the  boiling  point  is  determined,  by  subjecting  the  bulb  lo  boiling  walv. 
The  distance  between  the  freezing  and  boiling  points,  thus  asoertained,  oiay  te  dl- 
Tided  according  to  the  desired  graduation. 

59.  The  scale  of  Reaumur  requires  80  divisions,  that  of  Celsius  100.  FthranMl'B 
180.    The  graduation  of  Celsius  is  the  most  ration^ ;  that  of  Fahrenlieii  the 
so,  although  uniTersally  used  in  Great  Britain  and  the  United  States.    The 
of  these  scales  are  to  each  other  obTiously,  as  80, 100,  and  180;  or  as  4, 5, 
Hence  it  is  easy  to  convert  the  one  into  the  other  by  the  rule  of  three. 

00.  It  should,  however,  be  observed  that  the  scales  of  Celsius  and  Reiumar  MB- 
mence  at  the  freezing  of  water,  all  above  that  being  plus,  all  below  it  mions ;  whils 
the  scale  of  Fahrenheit  commences  at  thirty.two  degrees  below  freezing.  Hsbob 
in  order  to  associate  correctly  any  temperature  noted  by  his  thermometer  with 
theirs,  we  must  ascertain  the  number  of  degrees  which  the  mercury  is  abovs  ot 
below  freezing,  and  convert  this  number  into  one  eouivalent  to  it  by  their  siadi 
tion  ;  and  conversely,  after  changing  any  number  or  degrees  of  theirs  into  nist  W9 
must  oonaider  the  result  as  indicating  the  number  of  degrees  above  or  belnr  38  am 
his  scale. 

61.  The  process  above  described  for  the  construction  of  a  thermometeri  Is  eqoalljf 
applicable  whether  the  bulb  be  filled  with  alcohol  or  mercury.  E»ach  of  th 
liquids  has  peculiar  advantaf^.  Mercury  expands  most  equably.  Equnl  divia 
on  the  scale  of  the  mercunal  thermometer  will  more  nearly  indicate  eipal  Im 
raents  or  decrements  of  temperature.  Mercury  also  afibrds  a  more  extenare  rsnga  | 
as  it  does  not  boil  below  656^',  nor  fteeze  above— 39^,  of  Fahrenheit's  thsimoastite 
scale. 

60.  Alcohol,  being  more  expansible  than  mercury,  is  more  competent  to  detsel 
slight  changes.  It  boils  at  176°  of  Fahrenheit,  and  for  its  congelation  is  alleged  lo 
require — 90^  of  the  same  scale.  As  this  temperature  is  below  any  ever  observed  in 
nature,  and  can  only  be  attained  by  an  extremely  difiicult  process,  latterly  diaeo- 
vered  oy  Bossier,  it  can  hardly  ever  nappen  that  an  alcoholic  thermometer  will  not 
be  found  competent  to  measure  any  degree  of  cold  which  chemists  have  a  molm 
for  determining.  Besides  those  above  mentioned,  a  thermometric  scale  has  been 
used  in  Russia,  which  bean  the  name  of  its  author,  Delisle.  In  this,  zero  is  at  ths 
boiling  point  of  water,  and  five  of  his  graduations  are  equal  to  six  of  Fahrenheit's. 

LahoTMtary  Thermometer, 

63.  The  thermomctora  used  in  laboratories,  are  nsnally  coo* 
structed  so  as  to  have  a  portion  of  the  wood  or  metal,  which 
defends  them  from  injury  and  receives  the  graduation,  to 
move  upon  a  hinge,  as  represented  in  the  adjoining  figure. 

64.  This  enables  the  operator  to  plunge  the  bulb  into 
fluids,  without  introducing  the  wood  or  metal,  which  would 
often  be  detrimental  either  to  the  process  or  to  the  instru- 
ment, if  not  to  both. 

65.  The  scale  is  kept  straight  by  a  little  bolt  on  the  back 
of  it,  when  the  thermometer  is  not  in  use. 


Se{f-rtguterimg  TkermomUer. 


'  ■   '    « 
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ififore  T^pnaentm  a  self-regristering  thermometer.  It  comprisei  necesnrily  a 

mmi  a  •piiit  thenuometer,  which  difier  from  those  ordinarily  need,  in  htif* 

ie«in*  borizoDtal  and  their  bores  romid:  ali»o  large  enough  to  admitacylin* 

I  m  the  bore  of  the  spirit  thermometer,  and  a  cylinder  of  steel  in  the  bore 

mal  thmnomcter.     Both  the  cylinder  of  enamel  and  that  of  steel  most 

It  of  the  same  diameter  with  the  perforations  in  which  they  are  respec* 

yad.  mm  m  ecMuistent  with  their  moving  freely  in  obedience  to  graTitji  or 

prepare  the  instrument  for  ose,  it  must  be  held  in  such  a  situation, 
ulttt  oe  eDBOMl  naay  subside  as  near  to  the  end  of  the  alcoholic  column  as  possible, 
PN  rtC  WBBBiBe  within  this  licjuid.  The  steel  must  be  in  contact  with  the  mer- 
mt,  ha  Dnt  aft  all  immersed  in  it. 

^  Oa  tka*  aficoaat  the  bulbs  of  the  thermometers  are  placed  at  opposite  ends  of  the 
yte  mya  whieb  ihej  are  secured;  so  that  when  this  plate  is  maae  to  stand  up  on 
^  wtM,  n  wmtk  Banner  as  to  have  the  bulb  of  the  mercurial  thermometer  lower- 
~^  thai  sf  tas  ppirit  thermometer  will  be  uppermost.  Under  those  circumstances. 
1  Hr  «iarxtj,  tha  ateel  cvlinder  will  luoside  upon  the  surface  of  the  mercurial 
*'  t  the  cyliader  of^  enamel  will  sink  within  the  little  column  of  spirit, 
it,  till  it  raaches  the  surface  of  that  column.  The  instrument  being, 
ie  attained,  suspended  in  a  horizontal  position,  as  represented  in  the 
%■&  it  in  "cp— eqnence  of  its  expansion  by  heat,  the  mercury  advance  into  the 
Mt,  Ae  mmtX.  mores  beibre  it;  but  should  the  mercury  retire  during  the  absence  <^ 
r.fhe  eteel  does  not  retire  with  it.  Hence,  the  maximum  of  temperature, 
JB,  ifl  diacorered  by  noting  the  graduation  opposite  the  end  of  the  cylin- 
Iha  Bsercafy.  The  minimum  of  temperature  is  registered  by  the  enamel, 
with  tht  alcohol  when  it  contracts,  but,  when  it  expands,  does  not 
L  Thecaamal  most  retire  with  the  alcohol,  since  it  lies  at  its  mar- 
retnatn  anniOTed  in  the  absence  of  any  force  competent  to  extrioate 
a  bqoid,  towards  which  it  exercises  some  attraction.  But  when  an  opposite 
■M  takaa  place,  which  does  not  render  its  extrication  from  the  Uqnid  neces- 
Id  m  being  atatioaarj,  the  enamel  does  not  accompany  the  alcohol,  ilence  the 
nm  of  tcflaperatore,  which  may  have  intervened  during  the  absence  of  the  ob- 
'.isdiaroTcred  by  ascertaining  the  degree  opposite  the  end  of  the  enamel  near- 
tht  end  of  the  colnmn  of  alcohol. 


LeslU't  Differential  JTunnometer. 


09  This  instrument  consists  of  a  glass  tube  nearly  in 
the  form  of  the  letter  U,  with  a  bnlh  at  each  termination. 
In  the  bore  of  the  tubo  there  is  some  liquid,  as,  for  instance, 
coloured  sulphuric  arid,  <ilrohol,  or  ether.  When  such 
an  iostrumcnt  is  cxiK^ed  to  any  general  alteration  of 
tcmpeniturc  in  Uic  surroundinsf  medium,  as  in  the  case 
of  a  change  of  weather,  the  air  in  both  bulbs  being  equal- 
ly affected,  there  is  no  movement  produced  in  the  fluid; 
but  the  opposite  is  true,  when  the  slightest  change  of 
tcinperaturo  exclusively  ilferts  one  of  tha  bulbs.  Any 
small  bodies  situated  at  dilfcrcnt  places  in  the  same 
apartment  warmed  by  a  firo,  will  show  a  diversity  of 
temperature,  when  severally  applied  to  the  different 
bulbs. 
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large  8emU, 

70.  The  ■djoinin^  fignra  npi 
an  inttrumenty  whieh  «ete  «e 
thermometer,  when  the  doppl 
removed  from  the  tabulnre  in  th 
caI  recipient,  R ;  becanae  in  thi 
whenever  the  denaitv  of  tha 
phere  varies  either  from  ehan, 
temperature,  or  baxoaetria  pii 
hereafter  to  be  explained,  tM 
of  the  alteration  wul  be  indieal 
an  increase  or  diaination  of  thi 
occupied  bj  the  air  in  the  hi 
and  dT  courae  bj  a  oorresp 
movement  of  the  uqoid  in  the 
T.  fiutwhentheatopjpleiainiti 
the  air  cannot,  withm  either  ca 
the  instrument,  be  affiMted  bj  cl 
in  atmoapbehc  preasofe:  nc 
chanjTOS  or  temperatora  which  < 
equaflj  on  both  cavities,  produ 
movement  in  the  liquid  whieli 
rates  them.  Hence,  under  the 
cumstanoes,  the  instrument  is  < 
tent  to  act  onlj  as  a  diflbrantia 
mometar. 


MODIFICATION  OF  THE  EFFECTS  OF  CALORIC  BY  AT 

PHERIC  PRESSURE. 

DigrtMaum  to  demomiraie  the  Nature  and  Extent  of  Atmotflker 

Preuwre. 


ExperimaUal  Proof  that  Air  hat  Weight. 

71.  The  air  being  allowed  to  repUm 
exhausted  glohe^  while  nupended  from  a 
beam  and  accurately  cowUerpoimd^  cak 
to  preponderate. 

72.  By  a  temporary  communication  wi 
air  pump,  by  means  of  a  screw  with  wh 
is  furnished,  a  glass  globe  is  exhausted  < 
It  is  then  suspended  to  one  arm  of  a  scale 
and  accurately  counterpoised.    Being  thu 
pared,  if  by  opening  the  cock  the  air  1 
lowed  to  re-enter  t&  globe,  it  will  pre( 
rate;  and  if  a  quantity  of  water,  adlequ 
restore  the  equilibrium,  be  introduced  i 
small  vessel,  duly  equipoised  by  a  co 
weight  applied  to  the  other  arm  of  the 
the  inequality  in  bulk  of  equal  wei^ts 
and  water  will  be  satisftctorily  exhibited. 


D^mttM  <f  EUiMicilf. 

I  Tbe  power  which  bodies  have  to  resume  their  shape,  position,  or 
m  tbe  ccaaation  of  conslniiiit,  is  called  elasticity,  liie  d^ree  io 
knj  body  possesses  this  power  is  not  to  be  estimated  by  the  force, 
ftb^  pofecdon  of  its  recoil.  A  coach  spring  is  far  more  powerful, 
iBcN  wan  riaatic,  than  a  watch  spring. 

,  Bmaoaty  b  erroneously  spoken  of  as  a  varying  property  id  tbe  air, 
t,  in  coamMa  with  oerirorm  fluids  in  general,  appears  to  be  always 
Aj  etHttc 

■  kM  k  pnyeit^  distinguisbing  aeriform  fluids  from  liquids,  elasticit]' 
gjt  the  idea  of  a  power  In  a  given  weight  of  a  fluid  to  expand  or  to 
wX  wiik  the  space  Id  which  it  may  be  ccmfiued,  producing  at  the  same 
tfrtmun  on  tbe  internal  suriace  of  the  cavity,  or  any  ot^ect  within 
mdr  as  the  aftce. 


a  oU  jCxtat  rfli 


ttr  titfrarwrt^miyjlmd  m  any  area  anamed  intidn  it,  dupretrmrtig  an 
^  aitf  «Ur  Jtmi  mat/  be  miititaUd,  making  it  at  mvcA  kigitr  u  UgUtr,  i 
ilwcr  a(icni0,-«r  i»  adia  iBordMyOit  htigUt  ai  -  ' '"   --•'-  —■--■-- 


Expenmadal  Bbutratim  in  Ikt  ra 


•*  imeridy  as  the  ftmtuf . 

;  of  Mcrin^  and  Water. 

77.  If  ioto  B  Ull  gliM  jar,  mch 
u  u  reprsMDted  in  the  uioiniiig 
fi^re,  B  eluB  cjtiiid«T,  C,  (lika 
a  luge  gluH  tube  o 


id — OD  filbnc 
.    this   liqtsid 


the  jar  with  water, 
would  of  coime  riM  in  the  cylin- 
der to  the  noic  height  u  in  the 
jar;  but,  if,  H  in  the  ligara,  be- 
fore introducing  the  water,  the 
Imttoni  of  lliB  jar  be  coTered  with 

deep,  so  as  to  be  aumcicntly  above 
the  open  end  of  the  cylinder,  it 
muit  be  evident  that  the  water 
will  bo  prevented  from  entering 
the  cylinder  bj  the  interpoeition 
of  a  beavier  liquid.  But  aa  the 
preaaure  of  tbe  water  on  Ibe  mer- 
cury outside  of  the  cylinder  le 
unbalanced  bj  any  preaiure  from 
water  within  the  cylinder,  ibe 
mercury  within  will  riae,  nntil, 
by  ila  weight,  the  extornal  pret- 
■ure  of  the  water  ia  compenaated. 
When  Ihia  ia  efiected,  it  wilt  be 
seen,  on  comparing,  by  meaiu  of 
llie  Kale,  S,  the  li eight  of  the 
two  liquidi,  that  for  every  inch  of 
elevition  acquired  by  the  mer- 
cury, the  water  haa  rieen  more 
than  a  foot ;  aince  tbe  weight  of 
mercury  ia  to  thai  of  water,  aa 
13.6  to  I. 


16  IHPONDERABLB  BUBaTANCEB. 

TB.  It  tOMj  bt  demonslntBd  UmI  Uic  praHiire  of  the  colanui  of  mwetuy  u  u 
•qniTklent  to  th&t  of  a  colamn  of  nter  hBTing  the  mma  bua,  aod  an  at 
equal  to  that  of  the  water  in  the  jar,  b;  filling  tfas  cylinder  with  natar.  I 
then  be  Men,  that,  when  the  water  inside  of  the  CTlinder  ii  on  a  Ibt*!  wit 
water  on  the  oatiide,  the  merenr;  within  the  cjlinder  ii  aba  on  ■  Ural  wit 
nercDnr  withont. 

79.  It  ia,  therafora,  obTioua,  that  the  elevatiiin  of  the  colmnn  of  DHrent^,  with 
lube,  U  produced  by  the  weight  or  preisure  of  the  water  withont,  and  nwaanri 
■itant  or  that  preiiare  on  the  lower  orificB  of  tha  tube. 

Jit  Bbutrahem  tainuUd  to  lit  catt  tf  Liqtii*  UgiUr  tittm  Mtratrf. 

BO.  Let  there  be  fonr  jan,  each  abont  fonr  inchea  in  diamalet,  and  mora  Ihav 
inchea  in  heishl,  •ererall;  occupied  by  mercnrf  to  the  drpth  of  about  two  il 
In  the  uia  of  each  jai,  let  a  tuh«  ba  placed,  of  abont  one  inch  and  a  half  in  d 
tar,  and  about  one-fourth  taller  than  the  jar,  with  both  endi  open,  and  tba 
orifice  under  tha  anrhce  of  the  mercury.  On  pouring  water  into  the  jara,  tht 
enrj  riaea  in  the  tnbea,  aa  the  water  riaea  in  the  jara ;  bat  the  marenry  riaaa  aa 
llM  than  tha  water  aa  it  ia  hoavier. 

81.  The  mercnrial  columns  in  thiacaae,  ii  in  the  preceding  esfciiment,  owi 
eiiatsnca  to  the  preaiure  of  Ihe  lurrounding  water,  and  by  theii  hejcht  ma 
the  extent  of  that  preaaure  on  the  areas  of  their  baies  respectivety.  They  n 
conaiderad  aa  anbatitnled  Mvarally  for  the  aqueous  columuB,  which  would  ha' 
tered  the  labea  had  not  the  mercury  been  interpoaed.  Accordingly,  water 
poured  into  one  of  the  tubes,  the  mercury  in  that  tube  aubstdea  to  a  lerel  wil 
mercury  without,  when  the  water  ponied  into  Ihe  tube  reachea  the  lerel  < 

BS.  The  three  remaining  columns  of  mercury  may  be  conaidBt«d  ta  •obati 
ID  water,  for  colnmna  of  water,  and  being  aa  much  lower  aa  beanM  an  bum 
quale  to  preserve  the  equilibrium. 

83.  ft  Ttmaau  to  b*  proved  that  Mher  fiuidt,  htavUr  or  lighter  titan  iMfer,  a 
Jilt  msiuicr  be  ntftttitfed  far  the  telumau  of  meratry,  uul  (jf  eourie  for  the  «■ 
wUcA  the  nureKry  i>  the  represenlaliee. 
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^  1m  thi  thras  tab— ,  in  which,  by  the  addition  oT  witar  to  tho  jwi,  colunuw  of 
^RBTtn  iBstuiiad.  poor  MTonllj,  ethar,  tlcahol,  (diSercntlj  coloured,  k>  that 
k;  m;  k*  Jiatingniahad}  and  a  aolutioD  of  lulphate  of  eoppei,  tintil  the  mercurial 
hIb.  vithiB  tbc  tnbem,  are  reduced  to  a  Isrcl  with  the  mercury  without.  It 
•Itifaud  ifeat  the  column  flDnned  bj  the  cupreoua  aolution  ii  much  lower  than 
h^keif  the  nter  on  the  oatside  itfthe  talM;  that  the  opposite  i*  true  of  th* 
N^aT  akahol ;  >nd  tfant  the  ether,  atiU  mom  than  tho  atcobol,  eicgeds  the  nu- 
IMrij  wwlrr  in  elcTBtion. 

S  ■ailc  It  ia  Ihoa  proved  Ifaal  colnmna  of  mercoij,  ethei,  alcohol,  and  of  a 
^Mlfod  aaj.  is  water,  b«  lubatitnlad  toi  coiumnaof  this  liquid;  it  ia  alio  appa. 
■i  te  thf  Boal  tm  ■•  tnoch  higher  as  lighter,  aa  much  lower  aa  hetrier;  or  in 
^■•••da,  Ibcil  heights  miut  b«  uiTenety  aa  their  graTitiea. 

TbrrittUiam  Exptrrment. 

K.  ParaiMI  ta  the  Isw  which  haa  been  above  itluatisted,  that  the  preamre  of  one 
W  Bar  b>  atolilutad  for  that  of  anotlier.  pmrided  any  difference  of  weight  be 
^ifaaatcd  ir  a  corraapondiny  difference  in  hcii;ht ;  if,  in  lieu  of  water,  the  mer- 
w;  **r  arawnd  by  ur  oa  the  ootaide  or  llie  tuliw,  unbalanced  b;  air  within,  co- 
^H^the  aata]  woold  be  eleTalcd,  which  would  be  in  proportion  to  the  height 
aifaafhttf  the  ur  tiutm  acting  upon  it, 

C  h  ate-  to  ehow  that  the  air  aierciaei  a  preiaure  oQ  the  merctur  ontaide  of 
•  b*B.  iwlngn  n  n  to  that  ezercieed  b;  water  in  the  eiperimenta  jutt  deacribed,  it 

mif  rM|aiBitc  that  thia  external  preaaure  be  unb&linced  bj  the  preasnre  of  ail 
tta  the  abe.  Thia  deeideratum  ii  obUiaad  by  filling,  with  mercury,  ■  tube 
■(One  ftet  IB  leovlh,  open  at  one  end  and  closed  at  the  other,  and  coioriog  the 

'tt  Mae  BataJ.  withe  lit  allowing  any  air  to  enter.  A  mercurial  colnmn  of  about 
iNeba  in  M^ht  wiQ  remain  in  the  tubs,  aupported  by  the  preaaure  of  the  anr- 
■d«|  air.  nd  an  lodex  of  ila  weight.  Thii  ii  a  caae  obviooal/  analogoua  to 
■ttf  tie  mareurini  oolumne,  eopported  by  the  pnuura  of  water  in  th«  axpeii- 
Mklteatmnn  afaara  givan. 


prmented  in  the  drawing. 
Tho  mercury,  in  each  poaition, 
preiervea  Iho  aaiiio  degree  of  ele- 
vation, III  aurface  being  alwajt 
in  the  aame  boriiontal  plana,  or 
level,  whetber  upright  or  inclined. 
Or  tee  may  npjmte  three  tubea, 
filled  with  morcury,  and  inverted 
in  a  vcaaol,  nearly  full,  of  the 
■ome  iiigIaI,  to  be  pbced  in  the 
poiilioni  ropreicnled  in  the  draw- 
ing. TliL-  upper  laTfacei  of  the 
cuTuimie  iif  miTcury  in  each  tube, 
will  be  round  sIwi^b  coincident 
with  tlio  lame  honiontal  plane, 
however  different  may  be  (lie  an- 
-'-  -hich  thev  make  with  the 
.  in.  And  the  horizontal  plane, 
in  which  tbeir  garfacei  are  thua 
fuund,  will  be  between  2e  and  31 
incbea  above  the  lurface  of  the 
mercury  in  tho  veeacl.  Tbeline,L, 
with  which  the  mercury  in  each  of 
Ibe  lubea  in  on  a  tc  vol ,  repreaenta  a 
conl  rendered  horiiontal,  by  nak- 
inj;  it  parallel  with  the  anrfnce  of 
ibe  mereurj  in  the  reaetroir. 


IHPONDEBABLB  8UBHTANCBS. 


eO.  Itnutthaith*  praMdiuf  illaitn 
a  well  ■dipttl  to  oonraj  ■  okw  eo 
«.  .j.tn.n.p>i»;-  p.— I—;  baluiti 
DM  happaiu,  fbrtiutaaslf ,  tlwt  when 


to  Iha  mind  and* 


iMi  •lifibla,  I  mlqoin  tba  bUowinc  ill 
Uon,  which,  though  laM  uniiaiac,  »ai 


90.  lf«t _ 

aad  K  u  to  form  b  ^pbon,  with  h 
yerf  unequal  length,  tnd  bolh  cad* 
hi*o  the  crook  lowered  into  water,  a* 
utjoining  fignre,  the  floid  will  of  « 
ri*e  within  the  lube  la  the  mum  hei| 
without.  Bnt  if,  befofa  the  crook  ii 
in  the  fluid,  it  be  ocenpiad  b*  mercuT 
water  will  enter  the  tnbe,  on! j  ao  far 
prearare  which  it  axeili  npoo  Iho  m< 
In  the  abort  leg  of  the  a^pbon,  ia  com] 
to  T^ae  the  metenry  ia  the  long  Iw. 

91.  ThiapreaMue,  orllteaSbrteniM 
to  enter  the  tube,  ia  obrlowljr  maaaoi 
the  haigfat  to  wlucb  it  (broM  lb*  m* 


hei^t  will  of  conne  bo  greatw  oi 

1%^  propoition  to  the  depth  to  wludi  the 

*    '  anrface  of  tho  metcury  may  be  aun 

will  alao  be  greater  or  leaa,  aceoading 

flnid  in  which  il  ia  immeraed  ia  heai 

LB  water  la  aboal  820  timea  heavier  than  air,  ■  depth  of  tm  < 

ia  air  wonM  diaplaoe  the  nMnurj  aa  mnch  aa  one  inch  in  water. 

M.  Let  na  imafiiM  a  tnbe  recurred  at  one  end,  limilvlj  to  the  one  rapiei 
In  the  fSWegnng  Igore,  the  erook  likewiie  occapied  b^  mercuir,  to  hare  the 
•rifipae  an  eoapUtely  alMve  the  atmoaphere,  aa  Ihe  onfies  of  the  tube  ia  abo' 
water  in  Ike  ju.  "nn  mercury,  in  tlia  abort  teg  of  the  ayphon,  thua  ntaated, 
be  aTidaaMf  exnoead  to  a  preaiare,  eaoaed  bj  Ihe  air  analogou  to  that  ana 
ftinm  water,  in  tAe  can  of  the  tube,  ai  alroadj  iltoitiated ;  and  thia  preaawe 
air  would,  aa  in  the  caae  of  the  water,  be  maMored  bjtfae  riae  of  the  meRay 
taag  leg  of  the  arpbon. 

83.  Tet  to  realiie  thia  axperiment  with  a  eyfJlon  reaching  above  the  atOMa 
h  ia  obTiosaly  impoMibla ;  but,  aa  tha  only  motira  for  giving  aucb  a  height 
enbiM  ia  to  render  the  toelitury  In  the  long  leg  inacaaaible  to  atmoapherio  pn 
Ir  Ihie  object  can  be  etherwiH  attained,  tbe  phenomenon  ma;  be  eihibitad 
•ale  «f  ttte  atraoaphera  wiOiout  any  material  deviation. 
94.  In  fact,  to  protect  the  maicurv  in  the  long  leg  from  atnmpberie  proan 
oaly  to  aael  the  orMee  of  that  leg,  and,  ihroagh  the  orifice  of  the  other 


the  efphM  with  Mwrcuiy, 
And  that  Iha  pnaaare  of^t 


a  vertical  pwtioD.     We  aha] 

,  n  the  mercury,  in  the  open  lag  of  the  aypho 

Mp]Mtt  a  oidamn  of  thia  melal  in  the  other  leg  of  nearly  thirty  Inchea,  thobgl 
■toDally  TBrying  flmn  38  to  31  Iscbea. 

Ii^naat  rafOiitg  tilt  JTnijhl  n/  rtii  V tjikv  ii/i fiii^in  ifl^  npmit 

Ml.  Snppeaiet  the  baee  of  the  column  of  marcory,  aoatained  by  tin  MMoa 
m  deuiuBabated  Ik  the  preceding  articlsi,  were  equinlent  to  a  aqaara  innfc.  tfa 
weight  of  the  eohunn  would  be  about  fttiaea  pounda.  Thia  of  conrae  repreui 
weight  of  thai  particolar  column  of  air  only,  whoae  place  it  haa  naurpad  ;  i 
for  everv  other  auperficial  inch  on  the  eaith'i  aurface,  a  like  colnnin  of  air 
the  earth  niuit  nutain  a  preaaure  from  the  atmoaphere,  equal  to  aa  many  coin 
neroniT,  30  inchea  high,  aa  conid  atand  upon  it ;  or  equal  to  a  atratnm  of  m 
of  the  height  juat  mentioned,  eitandingalTovar  the  aurface  of  Uiagh>be. 
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Xb'su  been  slfeowii  that  the  heights  of  hetero^neousfluidf,  reciprocally  resist, 
ttf  oa  Cither,  ar«  iiiTersel j  as  their  gravities ;  or,  in  other  words,  that  they  are  as 
mma  &fher  as  hj^hier,  a»  much  lower  ss  heavier.  The  height  of  the  column  of 
Hrsfeca.  b}  ;t«  pressare,  elevates  the  mercury',  must,  therefore,  be  as  much  greater 
Ite^  i>^-^t  c»f  the  column  of  mercurj,  as  the  weight  of  the  mercury  is  greater 
tkoac  «ctg&t  uf  the  air,  supposing  the  air  to  bo  of  uniform  density.  Mercury  is 
lll^inK«  beaviar  than  air.  and  of  course  the  height  of  the  atmoiiphero  would  be 
Tk  CKJcxiD  iB  density)  1 1 152  x  ^  inches  ^  27660  feet ;  suppoHiiig  3U  inches  to  be 
:krkBAt  of  the  mercurial  column  supported. 

^  ecaec  ih«  atmosphere,  if  of  the  taiue  density  throughout  as  on  the  surfsce  of 
tecsTJ.  woai4  not  extend  much  ak>ofe  the  elevation  sscribed  to  the  highest  moun- 

•?  Bet  as  the  preasare  of  tlie  atmoephere  causes  its  density,  it  may  be  demon. 
■itM  UAt.  the  heights  increasing  in  arithmetical  progression,  the  densities  will 
•KKaet  lb  gvoBetrical  progression.  Thus  at  an  elevation  of  three  miles,  the  air 
hung,  ir  oQwrration,  half  as  dense  as  upon  the  earth's  surface: 

A!  6  miles  it  will  be  1  At  21  miles  it  will  be  jIj 

»         ....  I  24         .         .         .         -  ,|y 

12     ....       tV  27     ....      ^j 

15     ....      Vi  30     ...     .     T^Vif 

1^     .      .    -     -      ,^j 

zBvr  iha&  we  can  render  it  bv  the  finest  air  pump.    These  results  have  been 

tu  a  eonsidersble  extent,  by  actual  observstion. 
Sb.  h  s«  reasonable  to  suppose  that  there  is  a  decree  of  rarefaction,  at  which  the 
of  the  ponderaUe  particles  of  the  air  will  be  in  e«iuilibrio  with  the  repulsive 
if  the  eaJoric  uaiied  with  them.    Beyond  the  distance  from  the  earth's  sur- 
ai  which  there  sheoJd  be  sueh  an  equilibrium,  the  air  could  not  exist    Hence 
■  ■  lafarred  Ikat  the  txlent  of  oar  atmosphere  is  limited. 

Cf  iks  WaUr  Pumf. 

lO^).  T^  aHeii— !<■  of  the  atmoephere  is  necessary  to  the  suction  of  the  water 
Koi  I  irreiv-er.  jiir  amy  be  removed  from  eUue  vessefs  by  the  same  process.  Water 
rji^i  yi  Ute  prcsaura  sf  the  atmosphere ;  air  presses  out  by  its  own  elasticity. 

amd  .IrtUm  pf  tke  Surtia*  Pump  rentUred  etident  by  means  of  a  Model  with 
s  Ch^mitfr.  Ihftrtaee  keiue^n  pumping  an  Elastic  Jtluid  and  a  Liquid ^  illuM- 
fry  AB  appffmmit  CoMtriroAee. 

\-\    A  iiiLlc  suction  pump  is  constructed,  with  a  chamber  C  C,  of  glass,  which 
s^^4  la*  srtioc  of  its   piston,  P,  and  valves  to  be  seen.     Below  the  pump  is  a 


•  gkol^e  filled  with  water.     This  globe  communicates  with  the  pump  by  a 

9  desf-f^aAmg  from  the  lower  part  of  the  pump,  through  an  aperture  in  tha 

^'jsr.  ul*  .:  ar«ri^  rvaches  the  bottom.    I'his  tube  is  luted  air- tight  into  the  aper- 


i«:vty  wb.":*  i:  mien  the  globe.  Its  orifice,  next  the  chamber,  is  covered  by  a 
va.re  opcc^a/  'ipvards.  In  the  axis  of  tiie  piston  there  is  a  perforation,  also  covered 
hr  I  vaire  r.peAiC^  upwardi. 

'lAt  If  Li«  pl#*&&.  r,  be  moved  alternately  up  and  down  as  usual  in  pumping,  as 
cAra  as  ii  r^^s  iti  valve  will  shut  close;  so  that  if  nothing  posses  by  the  sides  of  the 
M<n.  S"r  «aUTi  into  the  ciiauiber  of  the  pump  from  below,  a  vacuum  must  be 
Srzk^  ^h.s.S  tho  pitfton.  Uudrr  these  circumstances,  it  might  be  expected  that 
'kU  «tur  «  Cii  rue  frota  tlie  f^Iobe  through  the  lower  valve,  and  prevent  the  forma- 
!.6  ::  ■  i-a-C3:iiii.  But  bcinp  devoid  of  elasticity,  and,  tlierefore,  incapable  of  self- 
tcc^.'jn  iMT-.ind  the  apace  which  it  occupieH,  the  water  dries  not  tIkc  into  the  chain- 
ed /*Jie  pS^p-  s*.  iorig  as  by  means  of  the  cock,  C,  of  the  recurved  pipe,  I*  P,  com. 
i^atrOD  Viih  theexleruai  air  is  prevented.  But  if  this  cock  be  opened  during 
ulcrnalf  oi'^'Vemcnl  of  llic  pinion,  a  portion  of  tiie  water  will  mount  from  tlie 
laic  lAe  ch-iiXiber  at  each  Ktroke  of  the  piston.  Tiie  opening  of  the  c(M:k  per. 
;a*  a*.^*jih«rre  t*  press  upon  the  Huid  in  the  ^lobe,  and  to  torre  it  up  the  tuhu 
Id  Ut*  puiup  caa:utier.  as  often  na  the  chamber  is  relieved  Iroin  atmospheric 
I  ^f  i^m  fisv  of  the  piAton.  As  soon  as  the  piston  descends,  the  valve  over 
the  wdBt'^y  itt*:  t'jbe  fhuts.  and  prevents  the  water  from  returning  into  the  globe. 
It  IS  0^  nar»e  forccJ  iiAruugli  the  perforation  in  the  piston,  so  as  to  get  above  it. 


IXFONDBRABLB  SVBaTAHCn. 


Whan  Iha  piatoii  liMi,  tha  valva  over  iti  peribntion  baing  ihul,  it  lilli  fta  p 
of  wmter  aboTa  thii  TUTa  until  it  rnni  out  it  tba  nraila  of  tlia  pninpi  wbil 
dunibai,  twloT  tha  piitoD,  raceivai  uiothar  nipplj  from  tha  floba.  Bitf  if  (A 
tha  water  hu  bean  pompM  from  tha  globe,  ths  pompiDf  ba  ooDtiniiad  mM  tk 
tlami,  e  portion  of  aiT  will  ba  remoTad  from  tha  g\iibe  u  atch  itroke,  antil  th( 
iae  be  ao  much  ranfiad,  ai,  bj  ita  elaaticity,  no  longer  to  aiart  afainit  tha  i 
olMinc  the  tube,  anfficiant  preaaura  to  lift  it,  and  thna  to  aipend  uto  tha  Ti 
fbrroed  behind  tiia  piaton,  ta  often  aa  it  riaea 

103.  The  renfaction  thna  effected  in  tha  aii  remaining  in  the  floba,  b  tea 
■thkinglj  evident,  hj  cauaing  tha  orifice  of  tha  curred  tnbe  to  be  under  tha  aa 
of  aome  watar  in  an  adjoining  vue,  while  tha  cock  ia  opened.  Tba  inl«rr 
from  the  *aaa  iota  the  exhaoated  globe  with  great  violance  ;  and  the  extent  ■ 
rare&ction  la  damonitrKted  bf  the  amallneaa  of  the  apace  within  the  glob*  whi« 
reaidoal  air  oceupiea,  after  it  ia  reatored  to  ita  prenona  danaity  bj  the  eBtnt 
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DeMcripHcn  of  •  CSkemieal  ImpUment. 

104.  The  opermtioii  of  tucking  ap  a  liquid  throngli  a  ouilly 
arises  from  the  partial  removal  of  atmotpheric  preaaore  nom 
withiD  the  quill  by  the  muscular  power  of  the  month.  There 
is  a  great  anaJogj  between  the  mode  in  which  auction  it  ef- 
fected by  the  month,  and  that  in  which  a  liquid  is  made  to  rise 
into  the  bulb  of  an  implement  which  I  am  about  to  describe, 
and  which  is  reiy  useful  for  withdrawing  small  portions  of 
liquids  from  situations  from  which  otherwise  they  cannot  be 
removed  without  inconvenience^ 

1(^  This  instrument  is  constructed  bv  duly  attaching  a  bag 
of  caoutchouc  to  the  neck  of  a  glass  bum  with  a  long  tapering 
perforated  stem. 

106.  In  order  to  withdraw  from  any  vessel  into  whieh  the 
stem  will  enter,  a  portion  of  any  contained  liquid,  it  is  only 
necessary  to  compress  the  bag  so  as  to  exclude  more  or  leas  of 
tbe  air  from  withm  it;  then  to  place  the  orifice  of  the  stem  be- 
low the  sur&ce  of  the  liquid,  and  allow  the  bag  to  resume  its 
sbape.  Of  course,  the  space  within  it  becommg  larger,  the 
air  must  be  rarefied,  and  inadeouate  to  resist  the  pressure  <^ 
tbe  atmosphere,  until  enough  of^  the  liquid  shall  have  entered 
tD  restore  the  equilibrium  of  density  between  the  air  within 
the  bag  and  the  atmosphere.  The  air  within  the  bag  cannot, 
however,  fully  resume  its  previous  density ;  since  the  column 
if  the  liquid  counteracts,  as  far  as  it  goes,  the  atmospherie 
peasure.  Indeed,  this  counteracting  influence  is  so  great  in 
the  case  of  mercury,  that  the  instrument  cannot  be  used  with 
id.  k  is  hovtver  the  only  substance,  fluid  at  ordinary  temperatures,  which 
avT  to  be  dnsB  up  into  the  bulb  of  the  instrument  in  question,  when  fhr- 
rii£  a  atoot  h^. 

Of  the  Air  Pump. 

Difrntmet  bettteen  the  Air  Pump  and  the  Water  Pump, 

"he  artion  of  the  air  pump  is  perfectly  analogous  to  that  of  the  water  pump;  as 
ao  diflersnce  between  pumping  water  and  pumping  air,  excepting  that  which 
MD  the  nature  of  the  fluids;  the  one  being  elastic,  the  other,  m  common  with 
■  gMHtal,  almost  destitute  of  elasticity. 

a  the  air  pomp,  as  in  the  water  pump,  therefore,  there  is  a  chamber,  and  an 
id  lover  valve,  which  operate  in  the  same  manner  as  the  valves  of  the  water 
icady  described. 

Demriptian.  of  a  large  Air  Pump  with  Glass  Chambers. 

Tk  opfosits  engraving  represents  a  very  fine  instrument  of  large  size,  ob- 
liaa  Mr.  firii,  of  Paris. 

Trom  the  firare.  it  mutt  be  evident  that  this  pump  has  two  glass  chambers. 
«  asBsmny  large,  being  nearly  three  inches  in  diameter  inside.  The 
Jvt,  F.  is  placed  at  the  end  of  a  rod,  which  passes  through  the  packing  of 
m.  Henee,  during  the  descent  of  the  piston,  the  friction  of  the  packing 
\km  lad,  caases  it  to  act  upon  the  valve  with  a  degree  of  pressure  aideouate 
■t  aiT  escape  of  air,  through  the  hole  which  it  closes,  at  the  bottom  oi  the 
.  Tim  air  included  between  the  piston  and  the  bottom  of  the  chamber,  is, 
I,  by  the  descent  of  the  piston,  propelled  throufh  a  channel  in  the  axis  of  the 
vnsad  by  a  valve  opening  upwards.  When  the  motion  of  the  piston  is  re- 
iba  air  caaaot,  on  account  of  the  last  mentioned  valve,  return  again  into  the 
tbe  piston  leavet*  behind  it.  But  in  the  interim,  the  same  friction  of 
aboot  the  rod,  which  had  caused  it  to  press  downwards,  haa  now,  in 
of  IIm  is  versa!  of  the  stroke,  an  oppctsite  efiect^and  the  valve  V  is  lifted 
liar  OB  the  opper  part  of  the  rod  will  permit.  The  rise,  thus  permitted, 
It  to  allow  the  air  to  enter  the  chamber  through  an  aperture  which  the 
.sd,  and  which  communicates  by  moans  of  a  perforation  with  a  hole  in 
tJM  air  pomp  pinte,  and  of  course  with  the  cavity  of  the  receiver,  RR, 
piilf.    7«^e  reaction  of  the  air  in  the  perforation  and  pump  chamber 


1 19.  Tha  |*n^  reprewnted  in  lh«  engnring,  ia  on 
a  wall  knoim  pnueipla.  It  eoniiiti  of  a  fflobalu'  vaa 
■poD  ■  oock.    Ttae  aercar;  ia  pnToaUd  Tram  entani 
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baiog  dlmtnitbad,  the  air  or  ths  racsirer  movei  into  tha  chunbar  tmti)  tha  ' 
briam  of  deniitir  ii  raatond  batwaan  tha  two  cavitiai.  His  chambcT  will  non 
All  of  air  uatfinrt)  buttheui  with  which  it  iirapleniihadii  not  Mdaiua  ul 
u  the  whole  quatitr  ia  the  receivar  end  the  ehambai  aeircc!y  eiceedi  that 
had  eiiitsd,  befbre  tne  atroka,  in  tha  teoeiTer  alone.  By  the  Dsit  downward  ■ 
tha  lir  whieh  bM  tboa  entered  the  ebambei  ia  propelled  through  the  valra  k 
the  piaton.  Another  upward  itroke  eipeU  thia  air  from  the  upper  portion  i 
ebambar ;  and  tba  ralre  attached  to  the  rod  being  again  opiinad,  tha  portioa  i 
ehamber,  left  balow  tha  piaton,  ia  npplied  with  another  cooiplement  orairft* 
laaeivar :  and  thoa  a  like  balk  of  air  ia  withdrawn  ai  every  atroke  of  tha  pai 
•ay  a  like  Mk  of  air,  aince  the  fumatily  necaasarilj  *aiiea  with  the  ^EUiMgf  1 
in  the  *eeael  aubjacted  to  eihauatioa.  Thii  dauitif  ia  alwiya  directly  aa  tfi*  ft 
af  tirremalningi  of  coaraaitGnallybaeomeaituifnifieanL  Thna  whan  tha  qui 
!■  tha  reeairar,  ia  redaood  to  one-hundredth  of  what  it  waa  at  firat,  the  waighl 
removed,  at  each  itroke,  will  be  ona-bnndredth  of  the  qoantity  taken  at  nch 
whan  the  proeeaa  began. 

111.  I  have  aiptained  the  action  of  one  chamber  only,  aa  that  of  th*  othei 
aetly  similar,  azcaptiag  that  while  the  piaton  of  one  deaeenda,  that  of  the 

lich  I  have  (ontrivat 
D  hold  maranry,  sup 
■pan  a  oock.  The  mercury  ia  preTeated^ram  entering  the  perforation  in  tht 
by  a  tuba  of  iron,  lanaoanted  by  a  amaller  one  of  varrtiahad  copper,  which  pai 
iato  a  Torrioellian  glaia  tube  till  it  reacfaea  near  tha  top.  Tlie  ^aa  lube  o| 
ita  lower  eitremily,  under  the  lurfaea  of  the  mercury  ia  tha  globe.  The  eiha 
of  thia  tobe,  and  that  of  any  reaael  placed  OTsr  tha  air  ptunp  plau,  proceed  ai 
aeoualy,  and  oonaequeutly  the  mercury  ia  forced  up  from  the  globe  into  the 
tlbe  to  an  altitude  commananrBle  with  the  rarefaclion. 

lia  By  laapaMiDg  a  aoala,  88,  behind  the  flaae  tnba,  tha  height  of  tha  n» 
k  weart^asd.  Ia  order  to  make  an  accorala  obaerratiim,  the  eaauneaaan 
tiM  nala  moat  be  duly  adjnatad  to  the  anrfaoe  of  the  mercnrj  in  tha  ^obe.  C 
•ccoant  it  ia  supported  by  sliding  bands  on  an  upright  aqnara  bar,  hetwaMi  Uii 

114.  The  receiver,  RR,  represented  on  the  air  pnmp  plate,  ia  one  which  I  i 
employ  in  exhibiting  the  artificial  anrora  borealia.  The  eliding  wire,  tatnuna 
a  ball,  enable!  tha  operator  to  Tsiy  tha  diataaca  through  which  tha  ewetrieat 
cations  are  indncad. 

E:iftnmaital  Bbutrmtiinu  ef  iJu  EUttic  Rtmiiim  qf  At  Mf. 

Mr  oeeupying  m  ssuU  Perticn  of  a  Cavity,  ranfitd  to  as  lojUl  IJU  leksb  3^ 

llfi.  Air  ia  d^Mndsnt  on  ita  own  weight  for  ita  denaily,  and  anlargaa  in  b 

piopartion  ••  Iha  spaea  allotlad  to  it  is  enlarged. 

The  mode  in 

part  of  a  veaael  may  b 

cavity,  ia  ahown  by  the  experiment  n  , 

annexed  engraving.    A  bladder  is  ao  suspended 

•  veaael  included  in  a  rer.eiver,  as  that  tha  cevit* 

bladder  conununicatea  through  its  own  nack  ana  : 

the  veaael,  with  the  cavity  of  the  receiver;  wl 

euch  communieation  exitte  between  the  reeaivi 

tha  apace  between  the  bladder  and  tha  iaMt 

117.  Things  being  thus  situated,  and  the  raaeii 
haustad,  the  bladder  contracts  in  cnaaaqoaMa  ' 
removal  of  air  from  within  it,  pioportioaahlj  wi 
aihaustion  of  the  receiver  ;  for,  as  the  air  betwa 
outside  of  the  bladder,  and  the  inside  of  the  vw 
no  longer  reaiated,  within  the  bladder,  bjp  air  ef  tb« 
density,  it  expands  into  the  apaoa  whioh  tha  b 
had  occnpiad,  ao  as  to  reduce  it  into  a  veay  ■ 

lis.  This  cannot  excite  aurpriie,  when  it  is  laaal 
that  the  air,  confined  batwean  the  oulslde  of  tha 
daraad  (be  Inddaof  the  veaael,  had  previously  to  tha  aihauation  been  eondsa 
aapportiBf  the  whole  atmosptieric  preeeure,  and  must  of  course  anlarga  kast 
ita  alsstiettj,  as  that  pressure  is  diminished. 


lokw  Bmg  hi  lit  Rar^fmOun  of  coi^faui  Air. 

119,  The  power  of  tnj  inelndid  portinn  of  air  to  «i. 
tend  itaelf  in  eonioqaance  of  i  remoTil  of  prewDre, 
ii  illastnted  in  acothsr  way,  bf  mbjicling  to  a  highly 
ratifipd  medium  i  g\im  elutic  ba^,  id  orifice  beias 
pnTiniul^r  cloMd,  ■□  a>  to  bg  ur.tight.  "Hie  b>ji  will 
■well  up  in  ■  moat  itriking  manner,  in  proportion  to 
the  diniinatioD  of  power  in  the  air  witlioot  the  beg  to 
eonntermct  the  reacUon  of  the  lir  within  it. 

120.  The  experiment  ia  revened  by  lubjectinf  > 
beg,  irfaile  inflated,  to  the  influence  of  a  condeDwi, 
by  which  it  mar  be  rednced  in  aiie  more  than  it  had 
been  eipanded;  the  air  within  the  nceiver  being 
reiidered  denaer  than  without. 

I!l.  In  the  adjoininf  cut,  tbenun  elaatic  bagiare- 
prcHnted  ai  when  innated.  Ths  glara  lepreieDted 
EmIow  the  bag,  ia  one  which  happanod  to  be  uaad  a«  a 
■a^rart  whan  the  drawing  waa  made. 


ErpaUiatt  tf  m  lifuid  bi/ikt  Rar^tctimi  ^  Mr. 
IS!.  A  flaik,  half  foil  of  water,  is  inverted  in  aootbar 
vene],  baring  lonie  water  at  the  bottom,  and  both  are 
placed,  under  a  bell  glan,  on  the  plate  of  an  air  pnmp. 
At  tha  bell  ia  aihauated  b;  the  action  of  the  pnmp,  tM 
ail  inclndod  in  the  Saak  enlarges  its  bnik,  fioallj  oceu- 
pjing  iho  whole  caTity,  and  partially  escaping  from  the 
oii£ce  throngh  tha  water  in  the  lower  veaeei.  When 
the  atmosphere  ia  allowed  to  re-enter  the  bell,  the  water 
riaes  into  Ibe  flaak,  ao  as  to  occupy  aa  much  more  apace 
than  at  linl,  aa  the  air  occupies  leai,  in  conaequenee  of  a 
portion  having  eacaped  aa  aborementioned. 


ErpfrimaUiU  Praafi  of  the  Weight  of  the  .ilmaipker^ 
.llmarpkeric  Prtiiure  on  the  Hand. 
I'i3.  If.  as  represented  in  Ihia  figure,  the  air  be  ei 
haustA  from  a  vcBael  covered  by  Ibe  hand,  ita  n 
moval  will  be  found  almoal  impricticablo :  liir.  aof 
posing  the  opening  whi<:h  the  hand  cloees  to  bi 


5  lb.  p 


r  aquar 


pressure  on  it  will  STidontly  be  aoventy-fiTO  pounds. 


tr  rupturtd  iy  Ikt  H'riflU  of  Ihr  .Itmof/iliere. 

I:i4.  Lei  tliOTO  be  a  i;laM  vcaael  open  at  both  ends, 
■a  represented  in  tiiis  figure.  Over  the  upper  opening 
leta  bladder  be  elrpMhed  and  tied,  iki  as  lo  produce  an 
uir-lit;ht  juncture.  Fur  every  aqnare  inch  of  ita  auper- 
ficicn,  the  bladder  thus  cnvcring  the  npening  in  the 
nasol  sustains  a  preaanre  of  almut  1^  ponnBa  Yet 
thia  is  prnductive  i>f  no  perceptible  efTect;  berauae  the 
Umosphere  preaaca  up  war  da  a^inst  the  lower  anrihca 
of  the  bladder,  aa  much  aa  dnwnwarda  upon  the  npper 
anrface.  Bui  if  tho  veaael  be  placed  upon  the  plats 
(if  au  air  pump,  so  that,  by  cihaustiun,  tho  atmoaphc- 
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ik  prewnra  danwudi  b«  no  longer  eonnteraetod  hj  Ita  prsanira  npwardi,  tha  iU-  :• 
dn  will  b«  BXosMiTely  itnined,  and  tuuBlly  lom  into  pi«eu.  ;r 

ISC.  When  tha  bUddsi  ii  too  itrong  to  be  broken  by  ths  unuiiited  weight  of  IIm 
•ir,  e  (light  icore  with  the  point  of  ■  penkuifB  will  catife  it  to  be  ruptured  not  OB^ 
where  toe  ecore  ii  nude,  but  in  Tuiooi  other  parte,  to  that  it  will,  et  timea,  b«  tofH 
•ntirel;  from  the  rim  of  the  Teiael. 

l%t  BmUfhtru  ef  Olio  Owriulc,  tie  celtbrltd  InmOar  tf  tkt  Air  Pwmf. 


^^M^ 


■re  K  ground  to  fit  each  other 
at  their  rinu  ■•  to  form  an  ab^    j 
liffhl  BDbeie  when  anitod.   OBa    / 

with   a 


T  attaching  the  wbol* 
lir  pnmp.      Being  bf   ' 
II  eihaoated,  th«  cock  eloaed,  and  the  ring,  R,  aciewed  on  to  the  eoek, 
great  force  muit  be  exerted,  before  the  bemiaplierea  can  be  soparated. 


1S7.  Primfthat  a  tguart  glaa  heltlt  may  it  *m>M 
by  at<mOMpluric  pretrvre  on  the  outside^  as  tom^  4til   \ 


138.  The  mouth  of  a  aqnare  bottle  being  placed 
r  the  hole  io  an  air  pamp  plate,  lo  ■•  Id  be  ■■■• 
Illy  tigbt  for  eibauition,  a  few  atn^ea  of  the 


13».  A  ■ 
epact^ora  &om  the  ftagmeo 


130.  Tie  tlattie  rtaetum  of  tit  air,  ca^iud  inlkta 

a  tqaare  boUU,  mil  burtt  it,  oj  toon  at  rtUteU/rmm 
tit  counteracting  vttight  of  tit  ai-motpitrt. 

131.  If  a  ttiD  iqunre  botlle,  eo  aeiled  thtfwhUt 
unbroken  the  contained  air  cannot  eacapa,  be  plaead 
within  the  receiver  of  ail  air  pump,  tlie  axhaa^'~~ 
of  the    receiver    will,   by    removing    the    prei 


n»  Hligil  tflit  Cofumn  ofMertury  wikk  talanat  lit  .Itmcspitrt,  jAem  tf 

133.  R,  lig.  t,  ia  •  hollow  glua  cylinder,  about  :I3  inchca  in  height,  and  9|  ioehm 
in  diameter,  into  the  apper  end  of  w)iich  a  braaa  gnllowa  screw,  Q,  ii  cemented;  ■> 
that  bj  meaiu  of  the  flexible  pipe  oiinmunicatinE  with  tlie  air  pomp  plate,  A,  A» 
cylinder  may  be  eibauated.  The  mouth  of  the  cylinder  being  inupecaed  in  tDeiemj 
in  tlw  vaae,  the  uetal,  u  the  exhaustion  proceedi,  riaaa  in  the  ojlindei,  tiatil  it 


—    . *  pi  iced  Dndcr  a  compcloi 

a.  h  wiAic  ('■Hud  thai,  as  Ibe  air  is  wilhdi 
k  ti^  auJ  (obudc,  &Dd,  ir  the  oxiiauatiou 


K  IT,  wL^E  tfau  elpcr 
M^  u4  Che  cTlitiiicr 


for  enough,  witt  sink  to  ■ 

(Hirrorming-p  s  communic«tion  ciUt  between  Ihe 

In  in  Ihe  lube  ;  iIiub  proving  Ihat  the  farce  wbicn 
the  oulfido  of  Iho  lube  and  lower  iJic  mercury 
;  cyliudur  a  luLTcuriu]  colunio  cqiut  in  height  to 
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Of  Ike  Baromtltr  Gavgt. 

1:T7.  WhilelnmaponthoHiibjcctof  atmo■ph•ne'^ 
preuure,  it  appenn  to  mc  eipcuicnt  to  giva  ■  d*- 
■cription  of  an  iostniincnt  irliicli,  in  icviral  of  mj' 
illuitration*,  is  employed  lo  ascertain  the  quantUvl 
of  air  within  a  rcOBivcr.  'i 

I3».  It  coneiaU  of  a  barnnielcr  lub«,  ^3  incIiM  iDj 
height,  iqpportod  in  a  vertical  poniion  by  a  pcdai.1 
lal,  and  a  atrip  of  wood,  G  G.  Attached  lo  the] 
lattar  ia  i  brasa  "cale,  by  which  im  inclie*  U  diridadt 
into  500  cquni  parts.  The  gauge  tube  la  aurmoantad 
b;  a  foiTtilo  and  gallows  nrrriv,  by  the  aid  of  which 
■  Seziblo  leaden  piiio,  P,  roinmutiicalcs  with  Iha 
bnra  of  the  tubo.  By  mean*  nf  the  valTe  cock  «Bd 
|raIlowB  Mirew  at  V,  Ibia  pipo  may  bo  nude  tocoai- 
■nunicato  alao  n-ith  the  carily  to  be  measured,  Um 
valra  nock  enabling  ua  to  suspend  the  commaniciF 
tion  when  deairabla.  The  lonei  oiilico  of  the  glue 
lube,  T,  is  covered  by  mercury  in  a  broad  sfaulov 
receptacle,  D,  Supposing  Iho  cavity,  under  IbsM 
cironmatancea,  to  be  eihaualcd,  and  the  commaai- 
cutioD  with  the  bore  of  tlio  glass  tube  opea,  the  tir 
tent  of  the  eihauelion,  or,  in  other  words,  Iha 
quanlitj  of  air  withdrawn,  will  be  exactlr  in  pra>  .,_ 
portion  to  the  riso  of  the  iiicrcurj|  as  imfieateiT  by  L 
"  '  iscqucntiy,rDTcriingtheope™Urin,  || 
icicury,  aa  indicated  bj  thn  scale,  £ 

i  of  air  which  may  be  iulia-  I 
D  degrees  upwards  from  the  I 
-    ■     ■'      -     :].iacle,  U,  their  I 


tlie scale;  and 
the  fall  of  the 
will  ahow  the  quai 
ducad.    If  w 

auiJ^e  of  Iho  mercury 

number  will  shoiv  tli 

If  we  count  tho  degn 

ofthe  topofthomi^rci 

the  nurabnr  will  indici 

the  cavity  eiariiin 

t,  or  introduced,  it 

her  of  drjTToes  wliii-l 

have  two  scales,  i 


ility  of  air  withdnwi 
viiwarda  from  the  level    " 
luiiin  in  the  boromeler. 


cd.  In  nh.jrt,  Iho  nuantii 
nlwars  nicaiured  by  tl 


wve,  the  < 


13^,  Tliia  gaagc  may  be  cinplriyod  tn  indicate  the  ({unntily  of  air  in 
It  only  requirca  accuracy  in  the  divisinu:)  of  the  KCOlu,  and  in  'ihu  niliuilni 
to  the  proper  level.  Aa  the  height  of  tliu  mercurial  c<>1unui  iu  lln'  liaromelcr  variM 
with  llioso  cliongca  of  atiunitphcric  pruHiire  whiel)  il  is  cinpl'>yi-il  t<>  indicate,  ther^ 
fore,  in  countiii;r  dnwnwards,  c.ire  iiiUHt  be  token  !■)  plwe  Ihu  '■oiiiriicnrcnient  oftlU 
scale  on  a  level  with  the  ii[>|H:r  end  of  a  cciluiiin  of  iiicrrary  iu  a  iinad  iKirmneler,  rt 
the  time.  To  focilitnto  tliis  ailjuauiicnt,  1  have  oci^oKi-iimly  (ilaced  a  'rurricelliaa 
tube  by  llie  side  of  the  gniigc  tubo.  Tlie  tup  of  tli>!  culniiin  u{  ilie  mercury  in  lh> 
Torricellian  lube  is  then  the  pruprr  jmint  fur  the  upjiet  xaw.  Ax  liiu  Hliip  uT  wool 
to  which  the  scale  is  attached  slidcj  ujiou  the  iron  rod,  R,  the  iicato  uwy  In  filed  at 
a  proper  height  by  a  set  screw.' 

HU.  Aa  a  perfect  vacuum  cannot  be  ptiHluced  by  mcanii  of  an  nir  pump,  in  order 
to  wash  out  uf  a  receiver  ull  traccH  <if  aliiiusphuric  air,  it  ii  ni.'i:i  'sary  tlial  porlioM 
of  the  gaa  tii  be  subatilulcd  shuuld  he  (('|>Udledly  introduced,  and  aa  often  rcDMVad 
by  vihauslion.l 

141.  TliD  rise  of  the  mercury  iu  llic  tube,  hy  diminiHiiiii::  the  quantity  in  tlie  re- 
ceptacle, U,  will  cause  the  ourfaeu  of  it  V>  he  lower ;  but  ttiu  bnadth  uf  this  vessel 
ia  so  great,  and  the  descent  of  tliu  inurciirial  surface  in  il  io  incuiialderablc,  tlial  no 
ern<r  worthy  uf  altcTilioii  is  thu»  prcKluccd. 

MU.  It  is  pr<>[>cr  to  mention  that  ihc  cavity  of  the  lulu-  i<iii;ht  to  be  so  amall  ■■ 
priiportiun  tu  lliat  of  Ihu  rei-eiver,  as  to  crcitu  nu  error  wurlliy  uf  allention. 


'  Itoth  Uiv  gauge  tube  and  Ihc  rod,  II.  should  be  lon^'er 
in  the  figure. 

t  Une  g:u  may  be  cuipluyed  Iu  wuiih  another  uut  nt  a  i-i 
to  that  in  which  water  may  wanliuut  alvohul,  or  alcohol  h 


u  represented 
iilc  analogods 


lA  Tbc  prwp^i.  bj  wLicli  the  water  is  drairn  into  llie  chsmbcr  is  Um  same  in 

*  c^  "f  Uie  f-McriBf  u  in  that  of  the  lifting  pump.  In  Ihc  lifting  pump,  L,  the 
""•tieji  L»  pnlfmt  thecbnrober  during  the  ascent  of  the  piston,  paaacs  through 

•  ^«  0  i.-iD^  lu  dfiw-cnt,  and  is  hftctl  by  it  when  Iho  motinn  is  roTersed,  In  &e 
f^^ia.s.  FTUie  pisl'jn,  being  iai["Tforatc,  forcei,  in  deticending,  the  wtter  into 
■  u-f^.r.i  ur  it?»r1.  A,  wheDCo  iu  regress  is  prcTCDIed  by  k  valve,  V.  The 
M(  111.1:  rrprtiti,  tlio  water  accumulates  in  the  air  vessel,  camprcsajng  the  can- 
tat^  13  ,^1.1  It  rtacU  a\xin  the  water  with  sufliciGnt  force  to  cause 
ia^ciCi^'>a(j  («  jet  pipo,  J  J,  cotamensurBte  with  the  supply. 

Of  Condaisctii/n. 

Ml.  l!  bi«  aePB  (faown  lliat,iL , .. 

Jr/ta.*  i:,.\,  in  inv  r-iosc  vewcl,  may  lie  dimini 

■■  tn  111-  u:..  iQ  nf  (ill:  ur  jitimp,  becniuc  loo  rare  to  escape  in  opposition  lo  the 
n  ■L[>ii  m  .-^M  V  made  bv  Ilie  vnlves.  It  remains  In  show  thai,  in  conscijuence 
Aa  K.-n*  H-.-|«rtr.  by  an  oppration  Ihe  converse  of  that  of  the  air  pump,  the  air 
•sTuie-fUte^  ECMcl  mij  b«  made  miny  timea  moro  dense  Uuui  it  would  other- 

Of  the  Condauir. 

V.  The  lattrumenl  employed  Tor  the  purpoac  of  condensing  air  is  called  a  con- 

!•.  Th«  ur  pump  wai  iltuntraleil  by  it»  analogy  wilh  the  suction  pump.  There 
i^an  aaai<i:;r  l*l»r.-ii  Ibr  cnndL^nser  and  Ihr  facing  pump.  In  the  air  pump, 
■■^  Mt>(.->'n  thr  chimbi^r  and  receiver  ofietiii  tnwanlii  the  chamber;  in  the  case 
itling  valve  opens  towardii  the  receiver. 
\*  placed  between  Uiv  chamber  and  receiver,  there  is  in 
'  n  Uie  air  putnp,  tlie  air  |>ubcs  this  second  lalvo  only 


28  niPOltDBBABLB  BUBSTANCBS. 

when  tfaa  piitoo  idotm  ki  u  lo  lewon  the  neiooy  betweeo  it  uulthe  bo 
chamber ;  id  the  eondoiuer,  the  eir  puMS  anlj  when  the  piiton  moTea  i 
large  thg  ju^vkj.  Id  other  rejpecta  theie  meehine*  ira  k>  much  alike,  t 
might  lie  Ddd  for  the  other.  Id  m;  eipvrimental  illaitrmtioni,  I  ahall  ha' 
to  employ  iurtTonteiita  which  eerre  either  to  exhaut  or  to 
the  aperture  Mleeted  fiir  makiog  4  eotnmiuiication  with  Ihe  1 


Fig.  I. 


148.  fig.  1,  in  the  adjoining 
repreientf  a  condenur.  It  c( 
bran  cylinder,  A  A,  ground  ini 
aa  to  be  perfectlv  cjlindrical. 
a  pietoD,  B,  ii  Htted  by  meoi 
leathera  packed  between  ecre 
■ented  in  the  figure,  and  luri 
lathe,  n  aa  to  enter  the  chamtK 


The  npper  Tali 

perfontioD,  C  C.     It  hu  therefa 
Tbs  piaton  beinj  drawn  op  again, 
air  eipelled,  while  the  (ur  of  the  chamber  ngein  e> 
""        U  every  itroke,  the  content!  of  thi 


1,  while  ita  retrocenion  fron 


the  lower  v> 

preienlod  bv  the  Talva,  E. 

ir>l.  As  the  qaantily  of  air  in  th 
piiton  home  becomei  greater  ;  am 
chamber  oiceeda  in  deniily  that  ii 


end  of  the  rod,  a  peHbration,  C 
■eeo,  which  commencM  at  the 
tremity,  riaea  vertically  until  tl 
the  packing,  and  then  paaaea  0 
inf  lea  to  ita  previoua  direction  t 
rod  of  the  piaton.  Jait  abovi 
cammencee,  a  cavilv,  D,  may  b 
which  ia  left  Tor  Uie  npper  vi 
valve  i*  formed  of  a  atrip  of  oi 
tied  over  a  braaa  knob  repretei 
the  cavity. 

149.  "nie  upper  and  lower  val 
Bctly  alike;  hence,  a  vood  idei 
may  be  obtained  from  fig.  2,  wt 
a  nepante  view  of  the  lower  val' 

150.  The  action  of  the  cond< 
followa.  When  the  piaton  ia  dn 
the  ail  within  the  cluunber  geti 
packing  throQgh  the  perfontion 
the  upper  valve,  which  opcna  1 
with  eaae  ao  aa  to  alTord  a  paasaf 
the  piaton  deacenda,  the  air  incli 
chamber  cannot  get  by  the  lealh< 
so  aa  to  prevent  it  from  gelling  t 
proceed  through  the  lowor  peri 
alvc  at  E  abuta  and  prevent!  a  re 

below  the  piaton  a* 


iny  rocaiver  11 


which  ii 


reasel  increaaes,  the  force  requiaite  I 
t  haa  to  doacand  farther,  are  the  air 
lie  receiver,  ao  far  as  to  open  the  low 


Ii^fiutMt  qf  PruruTt  n  (Ae  Bvlk  of  Mr,  and  ofiU  DentUy  on  tU  IUt> 
1 S2.  Air  IfMitMM  u  Indk  a*  Ue  prei^urc  vikick  it  nutatni  aagmniU ;  am 
-■    u  ike  jtuatity  a^tud  in  Iht 

I&3.  For  the  illuatntion  of  thia  propoeiljon,  1  hare  deviacd  the  appai 
aonled  in  the  oppoaite  engraving. 

IM.  ir  mercury  be  poured  into  the  air-tight  vcaael.  A,  through  the 
1  thia  veiscl  until  it  touchcilhe  bottom 


hich  paaaea  perpend ic 

'  cannot  eacape,  it  ia  gradually  reduced  in  bulk,  but  a 
aurface  of  Ihe  metallic  lii|uid  with  n  force  which  I 


then: 


acta  upon  the  1 

proportion  u  ita  bulk  ia  tcaeened.  llciico  an  increuing  mercurial  coin 
upheld,  which  by  ita  height  indicatcii  the  rcsialnnce.  When  the  air  ir 
ba*  been  redoced  to  half  ila  previoua  hulk,  the  height  uf  the  mercury  in  III 
be  ahcMt  no  inchea,  or  equal  to  that  of  the  mercury  in  the  barometei  bI 


w^mfor  iVKifrariv  fAe  J^ibeaee  tf  JVmwk  m  <Ae  Mft  of  ilir. 
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UilaradMBta  laanpoitB  ed^m  of  manaiT  ■^|B>]  to  tha  pr—uw  of 
^taa,  ia  aMtion  to  th^  pi  mil.  It  fUIowi  thmt  tba  qnuli^  of  air  oo- 
[^■■c»i»  —  th»  uiiMiuu,  aadbihraTBtotfaatof  kaHQiIMkartlM 
b%  «  (to  Mf^  <"  tlM  mJohb  •(  M>««i7  wUoli  Ae  Mid  lir  Mn  ■nKMrt 
■b4h>  tNto,  ■  to  tlw  hMfbt  «r  th*  BonnuT  In  tia  huomBiM:  and  Ue. 
«  «i  waiMnea  of  air  iB«MMM  wiA  tbe  dimnatioB  af  lb*  Udoiiac  (pM* ; 
iwH,  tbat  tba  mgrnc*  wUoh  ■  fma  wai^t  of  air  !■  oq^e  of  Monpytn|[, 


ifakwnipKe«M 


r,  C  (lh»  nlTB  eod, «  e,  ud  tha  soak,  c,  balw 
■  W  MMad  inta  the  TBMih,  A  ud  B  at  tha  mow  6am,  it  wiUba  tend 
il^iiibB  TMa.  V,  wiOBwoBliBtotha  flaik,  F,  and  Itet  whaa Oa  pma- 
rn^^U  canaa  the  air  in  tl^  la  ba  radoaad  ta  Iwlf  Ha  pnviooa  vatnna, 
■17 B^  tuba,  TT,  will  hara  tha  mna  haifht  aa in  tta pnriaw  •qpui> 

hnMito  ill  ■■!■  iirilia  air,  >iiil  if tm  lla  ipantttj  lail  raantlTi  iiubiii. 

JM  ■  Ma  eaaa  ao  laa>  tlMB  in  Iha  otbar. 

^  tmmaaktiitiaa  batwaaw  the  a—danaaraad  tha  raealw«,A,baiimBdad 
tt%m  wauliiinl  aznriManI,  bf  ekaln*  tbaTalva  oeak^ac  TluB<»afc 
ri  daaif  Iha  ailhm  or  tba  Bfjinaii'  ia  ma  aiatttd  axpanmaM;  and  Iili» 


■iftaafiJ  janitm  ij  OuLmigtm  Bafinlim  ilbulnlid. 


id  I— iiiiiinnl  diBiinutiiB  of  tba  aa«l^  canae  tha  aii  wfieh  bad 
a  aptrafent  paction,  to  low  oat.    Foe  tba  illnstntioa  of  the  pto- 

WhaAad,  Ihave  eontcitad  (ho  apaantiia  tapraaantad  balow. 

'-  tall  taaaim,  IL,  with  an  orifica,  O,  ii  placod  ia  a  globfl  oootalaing  water, 


// 
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jK>  that  aboot  two-thirds  of  the  neeiTor  are  occapied  by  thia  liquid,  tlie  ren 
with  air,  whilst  a  bladder  is  so  suspended  from  the  orifice  as  not  to  touch  the  ' 

160.  The  atmosphere  has  access  to  the  cavity  of  the  bladder  through  its  ned 
through  the  orifice  O  of  the  receiTer,  but  not  to  the  space  A,  between  the  outi 
the  bbdder  and  the  inside  of  the  receiver. 

161.  It  may  be  assumed  as  an  obvious  consequence  of  the  preceding  experii 
(154,  156)  that  the  pressure,  exerted  by  any  given  quantity  or  air,  is  inverwly 
confining  space ;  or  in  other  words,  tliat  the  pressure  increases  as  the  space  Ic 
and  dimmishes  as  the  space  enlarges. 

1G2.  When  a  cavity  to  which  the  atmosphere  has  no  access  is  enlar^ 
density  of  the  contained  air  is  proportionably  diminished.  When  any  cavttj 
minished,  the  density  of  the  contained  air  is  proportionably  increased.  Bui 
atmosphere,  meanwhile,  have  access  to  the  cavity,  it  will  by  its  influx  or  e£Bu: 
to  preserve  the  equilibrium  of  density  and  pressure  between  the  air  of  the  cavi 
the  external  medium.  These  consequences  are  well  known  to  ensue,  froaa 
temate  enlargement  and  diminution  of  capacity,  during  the  working  of  an  air  | 
a  condenser,  or  bellows. 

163.  In  like  manner  the  elevation  of  the  receiver,  R,  enlarging  the  cavity  < 
it  unoccupied  by  water,  causes  the  air  to  rush  in  through  the  orifice,  O ;  and  t 
versal  of  the  motion,  reducing  the  cavity,  causes  the  air  to  rush  out  throu| 
same  aperture.  The  bladder  is  so' situated  as  to  receive  all  the  air  that  enters^ 
supply  all  that  is  expelled.  Hence  when  the  receiver  is  lifted,  the  bladdei 
flated,  and  when  lowered  to  its  previous  position,  the  bladder  resumes  its  oi 
dimensions. 

164.  Supposing  the  space,  A,  between  the  outside  of  the  bladder  and  the  in 
the  receiver,  to  represent  the  space  between  the  outside  of  the  lunss  and  the 

*  of  the  thorax,  the  cavity  of  the  bladder  representing  the  cavities  of  the  lung 

I  the  orifice,  O,  performing  the  part  of  the  trachea  and  nostrils,  the  explanation, 

■  given,  will  be  as  applicable  to  the  apparatus  by  which  nature  enables  us  to  bi 

1  as  to  that  employed  in  the  preceding  illustration. 


EXPANSION  OF  ELASTIC  FLUIDS. 

165.  Having  by  means  of  the  preceding  digressioi 
plained  the  nature  and  extent  of  atmospheric  pressu 
shall  proceed  to  show  the  important  influence  excn 
by  it  in  all  chemical  processes  in  which  elastic  fluids 
concerned. 

166.  It  has  been  demonstrated  (54)  in  illustrating 
principle  of  Sanctorio's  thermometer,  that  the  bulk  ol 
air  in  any  space  varies  with  the  temperature. 

167.  It  has  been  shown  that  the  same  eflect  ma 
produced  by  variations  in  atmospheric  pressure.  ( 
119,  120,  122.) 

168.  It  follows  that  the  volume  of  elastic  fluids  ii 
versely  as  the  pressure  and  directly  as  the  heat.  In  c 
words,  the  less  the  pressure  and  the  greater  the  heat, 
larger  their  bulk ;  and  vice  versa,  the  less  the  heat, 
the  greater  the  pressure,  the  less  their  bulk. 

169.  Agreeably  to  the  observations  of  Dalton,  Gay-Lussac,  and  ( 
Ion,  1000  parts  of  atmospheric  air,  in  rising  from  the  temperature  o 
to  212®,  will  expand  so  as  to  measure  1375  parts  nearly,  or,  xsTr**^  * 
bulk  which  it  would  have  at  32*,  for  each  degree  of  heat  which  it  ixu 
ccive. 
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Saving,  therefore,  any  given  bulk  of  dry  air,  100  cubic  inches  for 
rat  60^ J  to  find  its  bulk  at  any  other  temperature,  suppose  at  80°, 
:  in  the  first  place  consider  that  480  parts  at  32°  would  at  60°, 
vie  part  for  every  d<^ree  above  32°,  be  508  parts;  and  would  by 
increase^  become  at  80°,  528  parts.  But  if  508  parts  at 
52S  at  80"",  what  will  100  parts  at  60°  become  when  heated 


509  :  528  :  :  100  :  103.9 
It  has  been  inferred  by  the  same  distinguished  philosophers,  that 
»nn  sub^tancus,  whether  gases  or  vapours,  are  expanded  by  heat  at 
t  T7x'^  a»  dry  atmos[)heric  air,  if  they  be  not  in  contact  with  any 
■bie  uatXT^  in  the  liquid  or  solid  state,  which  by  vaporizing  or  con- 
I  naay  ruy  the  result. 

Theory  of  Expansioiu 

The  expansion  of  matter,  whether  solid,  liquid,  or  aeriform,  by  an 
i  oftempcniture,  may  be  thus  explained. 

In  proportion  as  the  temperature  within  any  space  is  raised,  there 
men:  caloric  in  the  vicinity  of  the  particles  of  any  mass  contained 
pace.  The  n»rc  caloric  in  the  vicinity  of  the  particles,  the  more 
li  rofDbioc  with  them ;  and  in  proportion  to  the  quantity  of  caloric 
nbined,  will  they  be  actuated  by  that  reciprocally  repellent  power, 
in  pnportioQ  to  its  intensity,  regulates  their  distance  from  each 

.  Th'TC  may  be  some  analogy  between  the  mode  in  which  each 

-liii'-  fitom  is  sarrounded  by  the  caloric  which  it  attracts,  and  that  in 

•>  •  .irrhi  i-«  r.rr* Minded  by  the.  atmosphere;  and  as  in  the  latter  case, 

«.   \   in  :Jiv  •■  riiKT,  the  density  is  inversely  as  the  square  of  the  dis- 

■-  \*  1  S  L'lit  St  wliich  the  atmospheric  pressure  does  not  exceed  a 
■  :".'  *'.  ..ip.  jyh,  supiK^JSc*  it  to  bo  doubled,  and  supported  at  that  in- 
^.  :r«  -'jp  lty  i  supply  of  air  from  some  remote  region;  is  it  not 
r  V.::  i  ••*»rj<;ViKiti«ni  would  ensue  in  all  the  interior  strata  of  the 
^:':'-  ,  ■iTiU\  ^hr  pn.*s>ijrc  W(Hi1(1  Ik?  doubled  throughout,  so  as  to  be- 
t.*  >^-  :•  rnvfial  siirlaee,  30  j)Ounds,  instead  of  the  present  pressure 
►  >-.->*  Y'^.  \\n:  j»ns:>iire  a!  the  pcjint  from  which  the  change  would 
'•;nj-;  \  \fc'..'.l  n«.i  exceed  two  grains  per  square  inch. 
t».  I.i  !..•  r  ..mir  r,  it  may  1>^'  presumed  that  the  atmospheres  of  caloric 
j-T.-f^.-ji  :i  jianrity  and  density  about  their  res[)cctivc  atoms,  by  a 
:  iLc/va-r  ri  ihe  cnlorilic  tension  of  the  external  medium. 


xtmstmiion  that  Atmospheric  Prcsstire  opposes  and  limits 
'htviiaU  Aciioit^  where  Elastic  Fluids  are  to  be  generated 
r  tcolt^d. 

Of  VajH)rization. 

tn.  Water  would  boil  at  a  lower  tem[)erature  than 
fiif  the  atmospheric  pressure  was  lessened;  for  when  it 
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has  ccaecd  to  boil  in  the  open  air,  it  will  begin  to  boil  again 
_  in  an  exhausted  receiver.     Those  vrbtt 

ascend  mountains  find  that  for  evei] 
530  feet  of  elevation,  the  boiling  pois 
is  lowered  one  degree  of  Fahmineitl 
thermometer.  It  is,  in  fact,  lowered  a 
raised  tWitU  uf  a  degree  for  cvciy  tentl 
of  an  inch  of  variation  in  the  lieigbt  o 
the  mercury  in  the  barometer. 

Ebullition  from  diminitked  Preumv. 
178.  The  adjoining  figure  represents  a  tcskI  a 
water  bailing  within  a  receiver,  in  consoiuciicc  o 
IIk)  diminution  of  pressure  by  exhaustion. 

Culinary  Paradox.— Ebullition  5y  Cold. 


superseded  by  Kteam,  the  oririoe  is  d 
so  ns  to  be  iicrllctty  air-tight.  Hie  ra 
is  then  sujiporled  upon  ila  neck,  in  ■ 
verted  pcwilion,  by  means  of  a  cip 
block  of  wood.  A  partial  < 
of  ilic  steam  soon  fullowa  fran  tba  R 
fri^ration  of  lluit  portion  of  the  |^ 
wliich  is  nut  in  contact  with  the  wtfei 
'Die  pressure  of  the  steam  upon  the  Ii« 
of  course  liecoines  less,  and  its  boiu^ 
puint  ia  necessarily  towered.  Heiica  i 
Ijegins  again  to  present  all  the  phcnomcB 
of  cbiillitiun,  nnd  will  continue  boilii^ 
sonirlimes  for  ni-urly  un  hour. 

1"0.  lly  iIm'  applic-utiun  of  ice,  or  of 
sponge  suakeil  in  ('old  water,  llic  cbullitio 
is  accelerated ;  luTaiisc  llic  a<|UCous  vupon 
which  o|>[ii)Ni-3  it,  is  in  that  cose  more  n 
pidly  cjiidcnsi-d ;  but  ns  tbc  caloric  is  at  tlii-  siuih:  time  more  n[Hdly  •! 
airaclcd  from  the  wnter  by  the  iucnitsed  evolnlinn  i>f  vapour  lo  rqilM 
lliat  which  is  coiidcnsL-d,  the  boiling  will  cetue  the  sooner. 


tigntad  Jffmn^ fir  Aawi^  <**  CkHnarg  Patmilttt      ■ 

ISl.  tin  fignrtflloMntoi  ■  Mr  end  ia< 
a  oftOKBagtibulB&KihytM. 


m  The  sppuitei  obmo  mboftRjot 
■  giMsntnn,  wiQi  ■  hbok  of  unit  uum 
feet  li  kngOi,  ta^Mkin^  Ip  an  orifida  <tf  aboit 
a  (iHBtBr  of  an  tndh  in  'fiamaler.  '  Hm  fatdb 
ia  balpd  bnranb  h  the  put  awafly  oycH 
■ladM  Mdc,  ao  rt  to  cmtea  arthya^M- 
hfarf  htUng  wif  nMtlarirfiich  It  may  b* 
oBHMNe  to  ban  ■luated  Ihnnwn^  In  aon- 
Ado  to  Oe  mama^  a  naii|ttMle  bdffi^a 
far  paoob  c^  niBnnry  ia  nguwkb  Tm 
botb  of  tba  matnatbcus  niiber  km  than 
halfMlofmlar.aDd  dw  beii«  heaiedf  to 
abnlfiliai,  the  orifioe  riuald  fap  <liwed  bj 
Aa  fiBgv,  defaMled  W  a  piaee  <tf  |b»«Im- 
licv  ana  JapHWed  below  tba  niliSp  «f  tha 
mireuiy;  the  whole  beti^  ■aniatiad  m  iA 
pwaepia4  in  tte  figare.  Unoar  ibeaa  caiw 
fiimlanoni,  the  meicury  riiee  a*  the  tenqn- 
latun  qf  tb«  water  decline^  injoating  the 
ooneeqant  dinaautioii  of  pnaaon  within  the 
bulb.   Haanvhle,  te  decfine  vC 


I 

Wgt^^^^^^^^^  towenag,tlie  baling  point 

■^^^^^^^     cfaillitiaB  coDtiiRHa  till  tb 

■Aaea^  tofa  bei^of  the  manaryat  the  faaronieter. 

UBy  iatmitajn  into  the  cup  fonned  bylhebulpng  ofthebntb,  oold 

tgf^eiokal,  e(iar,  or  ice,  Ibe  reriigemtkin,  the  dimhiulion  of  prenure, 

i  fc  efcoOilioo,  ire  all  wnultaneoualy  accelerated;  anoe  tbuo  naulla 

■^mcaOjr  depaideot  on  each  otber. 

IBMeaial  Pn^  tAot  atmt  Liquidt  Kotdd  be  permamaiUf  aBriform, 
if  AiwtaijAtrie  PrcMtiar  were  remoeed. 

184.  Tlie  power  or  certain  liquids,  commDo  ether 
for  iiMtance,  to  aMume  in  vactio,  at  ordinary  tempo- 
ratline,  the  aErifbmi  state,  in  qipoaitioD  even  (o  the 
prBHuie'of  a  column  of  mncury,  may  be  shown  by 
the  following  ezperiment. 

IBS.  A  inass  funad  is  ground  to  fit  air-tight  into 
the  neck  of  a  gloss  decanter,  ao  that  the  itan  of  the 
fuanel  nay  reach  nearly  to  the  bottom  of  the  decan- 
ter, aa  reprcaenled  in  the  adjoining  cut.    The  decan- 
ter is  filled  with  mercury,  with  the  exoeptim  of  a  smaQ 
portion  of  the  neck,  which  is  occupied  by  ether.    The 
stem  of  the  funnel  ia  then  introduced  into  the  neck  of 
the  decanter,  so  as  to  be  air-tight ;  and  the  whole  be- 
ing included  in  a  receiver,  the  air  is  withdrawn  by  a 
ponp-    Hie  ether  oonverted  into  vapour  will  force 
the  merairy  to  riae  from  the  decanter,  through  the 
stem,  into  the  wider  part  of  the  fuDnel. 
U. — The  attraction  between  the  ponderable  partiolee  of  the 
'(  oloric,  can  be  indulged  Mily  in  <^)poaition  to  the  rec^ 
pom  (^ the  latter;  aiooe  me  tends  to  laiefy  ltojQllpne» 
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the  other  to  coodeme  it  into  the  limited  space  ooonpied  hj  the  eth< 
follows  that  the  caloric  cannot  combine  with  the  ponderable  matter  I 
the  point  at  which  the  repulsive  power  becomes  equal  to  the  attracttT< 
the  repulsion  exercised  by  the  same  number  of  particles  of  caloric  ' 
greater  as  the  space  is  lessy  and  vice  versa.  The  larger,  therefoi 
space  occupied  by  the  ponderaUe  particles  of  the  ether,  the  more  < 
may  combine  with  them,  without  rendering  its  reciprocally  repulsive 
paramount  to  its  attraction  for  them. 

187.  The  removal  of  atmospheric  pressure,  by  allowing  the  pom 
particles  to  occupy  a  larger  space,  enables  them  to  combine  with  thai 
tional  quantity  of  caloric  which  is  necessary  to  the  aeriform  state. 

188.  This  explanation  may,  of  course,  be  extended  to  the  ebultil 
otlier  liquids  in  vacuo,  at  temperatures  lower  than  those  at  whicl 
boil  in  the  air.  It  is  obviously  applicable  to  the  two  preceding  il 
iions. 

^  Boiling  PcifU  elevated  by  Preaun 

/  189.  Into  a  small  glass  matfass,  with 

f  of  about  an  inch  and  a  half  in  diameter 

K  neck  of  about  a  quarter  of  an  inch  in  be 

troduce  nearly  half  as  much  ether  as  wo 
J  it.    Closing  the  orifice  with  the  thumb,  h* 

bulb  over  the  flame  of  a  spirit  lamp,  uc 
efibrt  of  the  generated  vapour  to  escape  be 
difficult  to  resist.  Removing  die  roatra 
sufficient  distance  from  the  lamp,  lift  the 
from  the  orifice.  The  ether,  previousl 
escent,  will  rise  up  in  a  foam,  produced 
rapid  extrication  of  its  vapour. 

190.  This  experiment  may  be  perfbniK 
less  risk,  by  plunging  the  matrass  in  hot 
instead  of  heating  it  by  a  lamp. 


191.  Having  supplied  a  small  flask  with  a  qi 
of  mercury,  sihllicient  to  cover  the  bottom  to  afc 
inch  in  depth,  let  there  be  a  glass  tube  so  intr 
through  the  neck,  and  luted  air-tight,  as  to 
nearly  an  inch  below  the  mercurial  surface, 
flask  thus  prepared,  be  duly  heated,  the  ether 
proportionably  vapourized,  and  the  generated 
pressing  on  the  mercury,  will  cause  a  column 
metallic  liquid  to  rise  within  the  tube,  and  tho 
dicate  and  measure  the  pressure.     It  is  neoes 
discontinue  the  heat,  when  the  mercurial  colu 
proaches  the  upper  orifice  of  the  tube,  in  order 
vent  the  metal  from  overflowing. 


i*# 


1 


I 


High  Prtuurt  Boikr. 


m 


BBgkPnmmmBaiUr. 


■(• 


S     ^V^^H^^Q     W^P     ^^V     ■  ^vflPw  w^^v^VB^pW    V^V  Vi^^^9 


loht^  of  ahHil  flfs  flMt  Ib  lMfg|bt»  uid  of  hdf  a^^iildi 

mUmmtNiffhit  and  to  as  to  b  oonoeiitno  wall  the  azw  of  tbe  ooibr. 

^^^*  Ika  tahi  dflM36Bii  ia  MBk  amiair  ml  lo.iiMi  tkiMiiA  ttho 

it  !■  HDDlied>aiid  id  turiinMlit  trlnnti  la  Iha  kBttoiKwte* 
ril  Muadlv  of  BMVflw  mMMriv*  iniiniliniiiL  On  iIm  tiiiBftiiitii 
Wk*  ft  lihiBk  BOl  iiMli  fli  tOB  cnmiviDi&  ^hioaBdi-  inlfti  it* 
■mmh  Af  aknl  tvoinolMiof  a  lauHEflihanNiL  mm!  m  nmiai  nt 

11a  alfaoi  af  ii  10  to  «DotMi|  tovM  Mnpyt  1^ 
rf  ai— ^<ar  — y  >a  oin^fwi  lb»i<nwioi(iiii^  wp  twiy  wiiliimi 

taMadminalheaBDliaitioaof  tlnfliikilaDU  ha  ibuadllMLwidb 

_,  at  UBB  iHsiixxDnBr* 

UL  In  fioat  of  Ae  tnbe,  as  leyiewotoJ  ia  the  figure,  there  nmjr  tie  ob- 

■Haaaft^f  valfavilh a teiaf  taiwtifjbM  tbn^  lagulatiag  the  yMMBMk 

IkMlna  Mnd  ttal,  wheo  the  eflbvl  miidb  by  the  ateam  to  ewsape,  in 

to  tf»  Taha  thna  loaded,  k  eqiml  to  about  fifteen  pounds  ior  etecy 

■aaeh  iatlw  ana  of  the  aperture^  the  bflif^  of  the  coloniD  of  mer- 

r«CC»  laind  If  the  «a»  preasuTOi  p  Aoot  taoal  to  that  of  the  eo- 

tf  tibia  Bwtal,  Moally  supported  by  aliaoBphenc  pieesure  in  the  tube 

w  1  haDineter* 

19L  Hence  the  boiler,  undar  these  dfcnrnstmcse,  is  conceived  to  sustain 

presBire  equivtleDt  to  ooe  atmosphere;  aud  for  every  addi- 

poundsper  aqwaaiach,  requhed  }ipoo  the  safety  valve  to  re- 

Ae  steam,  the  pi  casiuarf  an  atmosphere  is  allyd  to  tie  added*   To 

fncto  neam  at  918  diigifW|  or  the  bofling  pointi  such  an  augmentation  of 

pncr,  a  rise  of  18  dBapasais  sufiideat,  awirin  the  temperature  equal  to 

^8>defWjLs.    IbptDdooeapiessurs  <rf'ibur  atmospheres  about  298  de- 

gM  void  he  aaoessary.    fight  atmospberss  would  require  nearly  848 

lt7.  WWea  by  anans  of  the  cock  an  eseape  of  steam  b  aUoared,  a  cor- 
■fooAoff  daeliae  of  the  temperature  and  |pressure  ensues* 

M.  Ifils  ateam,  aa  it  ianoa  from  the  ppe,  be  reoeived  undsr  a  jportlen 
'vato  of  faftovn  temperature  imd  weight,  the  cposequept  aooess^  of 
kai  is  snirisini^  great,  when  cootras&i  with  the  aqpession  of  weigbl 
fcvel  from  the  same  aoaroe.  It  has  in  fiurt  been  asoertaiaed  that  oaa 
^■■a  of  anser,  eomarted  into  aqueooa  vapour,  will,  by  ili  coadeasa- 
ia,  niae  Aont  ten  raeasuiea  of  water  hi  the  liquid  form  one  hunj^iiQil 


y  As  juigayrfraryrtf  aJeicf  Hifh  Steam  to  9cald  ai  a  eartain 

VUtaneeJram  we  Apertmre. 

has  been  excited  by  the  observation,  that  the  hands 
jet  of  vapour  from  a  high  pressure  boiler  without 
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iiKonvenience,  at  a  certain  distance  from  the  aperture  through  wb 
escapes. 
'  ExperinteiUal  Demonstmtitm. 

200.  The  fact  that  the  hand  may  be  immersed  wit 
injury  ia  a  jet  of  steam  while  issuing  from  a  boile 
not  too  near  the  aperture,  experimentally  demonBtratc 

301.  RatioHoU. — Since  the  temperature,  deositj',  aod  piesBura, ' 
tbnn  the  diatinguiBhing  allributeB  of  high  Bte>m,  cannot  be  sustained 
out  confinement,  steam  ceases  to  be  At  j4  gUam  as  soon  as  it  is  libc 
Consequently,  a  jet  from  a  high  pressure  boiler  is  essentially  no  men 
tt  copious  jet  of  aqueous  vapour  at  the  beat  of  boiling  water. 

202.  "Die  only  distinguishing  characteristic,  deriv«l  firon  its  prev 
superior  temperature  and  density,  is  a  greater  velocity  of  efflux.  W 
any  superiori^  of  t«nperature,  the  high  pressure  jet  is  pnipolled  in 
^mospbere  with  a  momentum,  which  cannot  be  ^ven  to  knr  steam.  I 
the  rapid  refrigeration  to  which  the  former  is  subjected,  at  a  sufGcieti 
tanoe  from  the  place  of  its  efflux  to  admit  of  an  eitensive  difiuaon  : 
atmosphere. 


903.  A  glpbe,  with  ■  long  cj'lindrical  neck,  aittutad  u  in  the  mcsOu 
id  coDttioiag  >  ■mall  (guuitiij  of  water,  being  (ubjacted  to  the  flams  mi 


being  (ubjacted  li 

ivil;  of  the  glolw  and  neck  with 

lili  ceue  to  eacapa  Troni  Ihs  Ofifio 


nag  a  ■mall  (guuitilj  ol 
r,  byliailing,  vitl  aoon  Gil  the  c 
When  thi«  iiiccotnptiihed,  bubblei  of  air 
neck  through  the  water  in  the  tus. 

2M.  The  ipparalua  beiag  Ihiu  prepared,  on  remoiing  the  laiDp,  th«  wal 
qoickl;  ruah  from  the  v«m  into  the  Tacuilv  ariNng  rrom  the  cop^enaatiaa 
alMin  within  the  globe 


» 

Btfbmlve  Pomtt  €f  Siemu 

800.  If  a^ns  balls  KennrticaUy  M)ed  wUh 
rwnfaiitin^  a  ntaU  quandhr  of  water  be jraqpend- 
ad  bjr  a  wiiaofer  a  lanqi  fiune^  an  ex^lonoii  looii 
fblloirs,  with  a  nblenoe  and  noiae  which  are  mw 
innnigy  when  oootraBttn  with  the  ^pHutity  of 
water  by  which  they  are  oocawMiedL 

306.  K&Hmmte -^Soffomng  that  the  bulb  wete, 
in  the  fint  fanlancey  inmly  filled  with  etetm, 
wilhoat  any  water  in  the  Uqoid  Ann,  die  ez|riaiiaF 
tion  of  this  phenomenon  wooU  be  compjied  in 
the  theory  of  OKpanBion,abBadynggerted.  (ITt*) 
In  thit  eaoe,  Ae  effixrt  of  the  eteem  to  enlaige  hMli; 
would  be  nesriy  in  direct  arithmeticBl  proportUto 
the  tenperatore ;  botwater  being  piama^n  the  B* 
qpid  fi»»  wUIe  the  eapanHve  power  of  the  fllaans 
pwiiioMly  inaadetffnee^  k  Increeaed,  moreafteaa 
jwith  a  Bb  increaied  power  of  cgpengion.    It  fcUowe  that  the 
tf  heat  kbuE  in  aiwhnifitieel  proportion,  the  eiplosiTe  power  of 
rimpoorwfll  ineieMe  geonetricelly,  being actmdly  doobM at 
p.pf  the  iHipeatoe  it  aiynented  B8^.  (IM.) 


«0iA  fMpeet  to  TiaporiMaiim  under  i"  i'ii"iim  Pne^ 
tg  M,  €Uigmmrd  de  h  Ttmr^  mid  Jb^.  Periim. 

■V*  kgttmJblj  to  acme  eiperimento  perfarmed  by  M.  Cagojird  de  fat 
Vt  kwinehlMUB  were  eqx)eed  to  heat  in  ^eiry  eloot  tufaee,  ▼anotiga* 
latoperftrmedina  space  which  was  to  that  prerioasly  oocopied, — 

rEther,  as  2  to  1,  produdng  a  pressure  of  8^  atmos- 

I         pberes. 

.J ^   J  Alcohol,  as  8  to  1,  producing  a  pressure  of  119  atmos- 

laecaseof  <         ^y^^^^^ 

I  Water,  as  4  to  1,  produciitt  a  pressure  greater  than 
I         that  caused  by  the  alooboK 


B-  Hl  FtthiaB  tlsf««  that  s  gmall  iron  boiler  of  great  tttnngOi  mtj  be  betted 
be  ^Ifc  hoUfaw  a  portion  of  water,  and  that  if,  under  theee  circimif  tancee,  an 
Iw*  hetfoaeier  }  cif  an  iaeb  in  diameter,  the  steam  will  not  eeoipe,  although 
a  mtdmikm  if  temperatare,  it  will  meh  out  with  jreat  Tiolence. 
I.  M  w  mftned'  that  the  repulsion  between  the  partieles  of  the  ealorie  in 
I  aidi  toi  watVy  and  those  in  anion  with  the  metallic  ring  bounding  the  aper* 
aas  psnBKNua  to  ibw  pressure  tending  to  prodoee  the  ezMilBion  of  the  steam. 
klaai  ^mhle  to  reeoncile  this  experiment  with  one  which  I  performed  by 
Bgia  isaMdasemee,  in  a  forge  6re,  a  tube  of  iron,  of  whieh  the  bote  was  Wm 
2v  sa  inehy  while,  by  means  of  a  cock,  a  communication  with  a  high  pressnia 
rwM  maie.  Under  theso  circumstances,  the  steam  was  not  proTented  ftom 
iKthnnhthspipe. 

L  B  apfmn  to  be  soAeiently  proTod  that  the  quantitf  of  caloric  oombined  with 

b  Uwajs  the  stme,  whatever  may  be  its  temperature ;  the 
and  the  latent  heat  diminishing  as  the  density  and  pressure 


CM  mmd  04mduu*s  mridngfram  Rarrflaetum 


in  tbe  air  of  a  receiver  is  usually  indicated  by  a  cloud, 
tlie  exhaustion  has  proceeded  beyond  a  certain  point    A 
placed  in  the  receiver,  shows  that  a  decline  of  temperature 
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aeeomptnief  this  phenomenon.    We  may,  therefore,  infer  that  the  cloud  if  th« 
■eqaence  of  refVifferation.    If  the  luggeBtioni  be  correct  which  were  made  "^ 
of  Expansion,  1^)  reapecting  the  mode  in  which  caloric  exists  in  atm 
arouna  the  particles  or  ponderable  matter,  it  will  not  be  difficult  to  nni 
why  aeriform  fluids  should  absorb  more  caloric,  in  proportion  as   their 
tuent  particles  are  enabled,  by  a  diminution  of  pressure,  to  become  more 
Hence,  by  rarefaction,  the  capacity  of  air  is  increased,  and  cold  is  produced, 
condenses  the  aqueous  vapour  until  its  sensible  heat  is  restored  by  an 
caloric  from  the  surrounding  medium.  (184.) 

Cold  produced  by  the  Polm  Glass. 

213.  In  forming  the  bulbs  seTerally  ai  thi 


ends  of  the  glass  tube  represented  in 
is  furnished  with  a  perfor 

plunging  the  orifice  of  the  beak  into  alcoliol,  i 


figure,  one  is  furnished  with  a  perforated  pro 


jectin^  beak.  By  warming  the  bul 
plungmg  the  orifice  of  the  beak  into  al 
portion  of  this  liquid  enters,  as  the  air 
contracts  in  returning  to  its  previous  tMDpwi^ 
ture.  The  liq|uid.  thus  introduced,  is  to  W 
boiled  in  the  oulb  which  has  no  beak,  uatil 


^^^^^^^     ^^9^  the  whole  cavity  of  the  tube  and  of  both 

^^^^^^^r^    not  occupied  by  liquid  alcohol,  is  filM  widi 
^^^^         its  steam.    While  in  this  situation,  the  end  of  | 
the  beak  is  to  be  shortened  and  sealed,  bj  h^ 
jecting  it  to  the  flame  excited  by  a  blowpipo. 

214.  As  soon  as  the  instrument  becomes  cold,  the  steam,  which  had  fillod  Iko 
space  vacant  of  liquid  alcohol,  condenses,  and  with  the  exception  of  a  slight  poftkB 
of  vapour,  which  is  always  emitted  by  liquids  when  relievea  from  atmospkene  pn^ 
sure,  a  vacuum  exists  within  the  bulb. 

215.  The  instrument,  thus  formed,  has  been  called  a jpalm  glass;  beeaoio  tkt 


nomenon  which  it  exhibits  is  seen  by  grasping  one  or  the  bulbs,  so  as  to  bring  It 
completely  into  contact  with  the  palm  of  Uie  nand.  One  of  the  bulbs  being  tan 
situated,  and  while  surcharged  witn  the  idcohol,  and  held  in  the  position  reprei 
in  the  figure,  both  the  liquid  and  vapour  are  propelled  from  it  into  the  otiiar  . 
This  phenomenon  combines  the  characteristics  of  the  differential  thermometor»  (B9J 
with  those  of  the  culinary  paradox,  (17t),)  being  the  joint  effect  of  the  ezpansion,aM 
evolution  of  vapour,  in  one  part  of  the  apparatus,  and  its  contraction  and  con^ 
tion  in  another.  The  phenomena  arc  precisely  similar,  whether  we  warm  the 
bulb,  or  cool  the  upper  one  by  means  of  ice.  The  motive  for  recurring  to  the 
riment  hero  is  to  state  that,  as  soon  as  the  last  remnant  of  the  liquid  is  forced 
the  bulb  in  the  hand,  a  striking  sensation  of  cold  is  experienced  bv  the  operator. 

216.  This  cold  has  been  attributed  generallv  to  an  increase  of  the  capacity  of  the 
residual  vapour  for  caloric  in  consequence  or  its  attenuation.  The  analogy  is  ovi* 
dent  between  this  phenomenon  and  that  above  described,  as  taking  place  m  the  r^ 
ceiver  of  an  air  pump;  in  either  case  refrigeration  results  from  a  diminution  «f 
density. 

Cold  consequent  to  relaxation  of  Pressure, 

217.  Cold  is  produced  whether  a  diminution  of  density  arise  from  relieving  m^ 
densed  air  from  compression,  or  from  subjecting  air  of  the  ordintjjf  density  to  rui^ 
ftction.  A  cloud  similar  to  that  which  has  been  described  as  arising  in  a  reeoivw 
partially  exhausted,  may  usually  be  observed  in  the  neck  of  a  bottle  recently  uncotfc- 
ed,  in  which  a  quantity  of  gas  has  been  evolved  in  a  stale  of  condensation  bj  n  ftt* 
menting  liquor. 


•A  ■ 


_r.4Mit  bf  MMM  rf'kOMk  iiti  tha  ftm. 
•t,  wbUaftMM-ahrtiB  W(ltlM  mm 
Ita  kur.  ^fliii  iiliiih|  te  tab,SM 

flkMOMtaM^  tf  Iha  bw.  aAw  «M  MM. 

bMd,  >  Am*  wOl  ippw  whfcw  «• 
Mb,  >d«Viri^  in  Dm  Mkr  i^^  to  m. 
4Ma  I  Fiwaii  «ola«&  At  tW  mm 
line  t&i  ihanMnwtar  wiO  itew  flHiiba 

ipriiria^  k  prodBottw  of  wwmlk,  An 

zaticatf  Md. 

N.  TkdMdiriMkMbMa^Mra 
toailM  CUMtaairndA^  miOid,  te 
kM  mnili  bifatod  ^a*ar  iMi,  bv  Ifr. 
■■yy,Mtl1wtiH'»Wi*«ni''Wluai»w 


6^ 


, ^■ir.  ui  of  air  nikto  with  aqMOM  tuow.*    Tbi  hM, 

£  M^f  WW  dMM  «f  nn^on:  ■WMrad  to  be  the  mmt,  -^^'^  - 
"iVfc  ■wJMi  III  rtiiibiii.iiiiiiiiiii^^--'--'-  -f'-  iiiri 


whiaer 
[led  tot; 


IM  H«l«  a^Ut  witfalqidd  watot  b  the  vevd  aiUeet 

Mr  «aern^it>incoiMiqa«iiceorthefbnMtuni«r«3dil  ._^ , 

^■t  «hHB]>tM  tf  olotii,  the  cold  pradneed  «u  nawlj  twice  ■■  greet  aa 

leHrwwaatBeeatactvUhliqddwata;  being  nearij  a«  9  to 6. 

'  ~      ~*       '  BStiooad,  the  bjfroiiietor  via  ■mlinnhi , 


a  ■»  Sfvd  <ntar  wm  iceeaible,  the  apaea,  altboask  protrietialv  Hto- 

M^,  br  Ai  ramonl  <tf  >  portion  of  it  togatlieT  wiU  the  lir  whieh  ia 

At  eilMMli'iii.  aeqnirea  t  capaeit;  for  man  Tapotir ;  and  benea  the 

nf  TMlhinl  ftftht  -".n — ' — *  "l-^Tthan  riitj-da 


Bat  when  ■  imaOar  ncairar  (after  being  eobieoled  to  a 

, of  abont  ton  inehaeef  nMmnr,  loaa  tocMMa  Oaindeiof 

piH^  t»  Beia  about  thirtj-five  degreea  towarda  dtjuaM)  waa  Muroaadad 
■■■I  Mix^M,  Htil  a  UMfmaaieteT  in  the  axla  of  Hie  raeeirer  itood  at  three 

■  Ml*  fiMMgithe  bjgretDetar  roTolTod  Uwaidi  duopneM,  ntil  it  went 
n  rfigiMa  tofiad  the  point  at  wiiich  it  TMtad  when  thaproeoM  eomMenewl. 
Mmftam,  AeNfcre,  ihat  the  dr^neaa  pndoced  bj  the  dafrea  of  ranftetioa 
it  m  Mi*  thn  eooatorbalanced  br  ■  finning  lamperatara. 

la  M^KtoAa  beat  imparted  to  Uie  ait  aboTe  montioiMd,  the  Aet,  that  the 
Matt^^mtM  in  the  oae  oT  aii  leplate  with  vapoor,  and  ia  that  of  aahj* 
k,wm*^ml^  gnat,  tad  that  wlian  water  wai  praaantlhe  cold  wee  graator 
■up  ■■■■■.  bs  to  the  idia,  that  the  lieat  ariaing  ander  anch  dreumataaeae 
tt  MM  awh  afice^  in  ■agmenting  tlie  boayanc^  of  an  aacending  colaan 
bat  wieni  by  an  appfopriala  nMchaniun,  the  refVigaration  waa  BMaanred  bj 
bi^He  ^  [jiMiure  et  the  moment  wbea  the  exiiaaatioa  waa  arraatai,  and 
ka  Iha^M^Mar  bad  become  etatiooacr,  it  waa  fonad  Ontario  poiibua,  that  iIm 

■  rf  (aoBOfa  ariatag  fnm  cold  wai  at  leaat  one-half  greater  in  tlM  anhj. 
k  AmIh  tbaaar  laMele  withTapouT.  Tliii  dibrance  aaemi  to  be  owiag  to 
VhMM  hnnt  Made  by  the  contained  ntoiatnre,  or  tnmafeired  from  the  appa- 


-  —rlmntiiii  tj  laoine  nf  tht  iTtar*  -*  'hi  iTtna  ainriliTa. 


40  IMPONDERABLE  SUBSTANCES* 

imtoa  bj  its  intenrention,  which  checki  the  refriff«ration;  jet,  ultimmtel^,  the  wb 
of  the  moittare  being  converted  into  vapou^,  the  aggregate  refrigeration  does  i 
differ  in  the  two  cases. 

225.  Agreeably  to  Dalton's  tables,  at  70^  the  quantity  of  moisture  in  31  ^rrmiiii 
100  cubic  inches  of  air,  is  551-1000th8  of  a  grain.  The  space  allotted  to  this  woij 
of  vapour  being  doubled,  it  would  remain  uncondensed  at  45^  F.,  being  asaocia 
with  the  same  weight,  but  double  the  volume,  of  air ;  but  at  32°,  notwithstandi 
the  doubling  of  the  space,  only  35G-1000ths  of  a  grain  would  remain  in  the  aCrift 
sUte ;  of  coarse  551  ~  356  =s  195-lOOOths,  or  nearly  2.10ths  of  a  grain,  would 
precipitated. 

226.  The  latent  heat  given  out  by  the  condensation  of  this  vapour,  would  heat, 
is  well  known,  1000  times  its  weight  of  water,  or  11)5  grains,  one  degree ;  or 
ffrains  1 95-31  ths  ^  6.21)  degrees;  and  as  the  capacity  of  air  for  heat  is  onlyo 
fourth  of  that  of  water,  it  would  heat  31  grains  of  air  6.29  X  4  =  &'>.16,  or  OM 
25°  F.  As  air,  at  32^  F.,  expands  M^Oths  for  each  additional  degree,  the  diflfarai 
of  bulk,  arising  from  the  heat  received,  as  above  calculated,  would  be  £>-480lhs, 
l-19ths  nearly. 

227.  When  air,  replete  with  aqueous  vapour,  was  admitted  into  a  receiver  p 
tiallv  exhausted,  and  containing  liquid  water,  a  copious  precipitation  of  moisture 
sued,  and  a  rise  of  temperature  greater  tlian  when  perfectly  dry  air  was  allowoc 
enter  a  vessel  containing  rarefied  air  in  the  same  state.  In  the  instance  first  m 
tioned,  a  portion  of  vapour  arises  into  the  place  of  that  which  is  withdrawn  dor 
the  partial  exhaustion.  Hence  when  the  air,  containing  its  full  proportion  of 
pour,  enters,  there  is  an  excess  of  vapour  which  must  precipitate,  causing  a  cloi 
and  an  evolution  of  latent  heat  from  the  aqueous  particles  previously  in  the  afirifi 
state.  As  the  enlargement  of  tlie  space  occupied  by  a  sponge,  allows,  proportio 
blv,  a  larger  quantitv  of  any  liquid  to  enter  its  ceUs,  so  any  rarefaction  of  the 
wnen  in  contact  with  water,  consequent  on  increase  of  heat  or  diminution  of  n 
sure,  permits  a  proportionably  larger  volume  of  vapour  to  associate  itself  witi 
given  weight  of  the  air.  When,  subsequently,  by  the  afflux  of  wind  replete  m 
aqueous  vapour,  the  densitjr  of  the  aggregate  is  increased,  a  portion  of  the  vmp 
equivalent  to  the  condensation  must  bo  condensed,  giving  out  latent  heat,  except 
so  far  as  the  heat  thus  evolved,  being  retained  by  the  air,  raincs  the  dew  point 

228.  Hence,  whenever  a  diminution  of  density  of  the  air  inland  causes  an  ini 
of  sea  air  to  restore  the  equilibrium,  there  may  result  a  condensation  of  aqueoos 
pour,  and  evolution  of  heat,  tending  to  promote  an  ascending  current.  This  pm 
being  followed  by  that  which  Mr.  Lspy  has  pointed  out,  of  tJic  transfer  of  heat  fi 
vapour  to  air,  during  its  ascent  to  the  region  of  tlic  clouds,  and  consequent  prec 
tation  of  moisture,  is  probably  among  the  efficient  causes  of  those  myn-electrical  i 
storms,  during  which  water  from  the  Gulf  of  Mexico,  or  from  the  Atlantic,  is  tn 
ferred  to  the  soil  of  the  United  States. 

Of  the  Influence  of  the  Atmospluire  in  promoting  Evapo, 

tion. 

229.  It  has  been  seen  that  by  its  pressure  the  atn 
sphere  opposes  vaporization;  yet  u  free  access  of  air 
found  indispensable  in  the  desiccation  of  hay,  or  in  t 
evaporation  of  water  or  other  solvents.  It  was  at  c 
time  generally  conceived  that  evaj)oration  resulted  fn 
an  affinity  between  the  liquid  and  the  air,  analogous 
that  between  water  and  sugar,  or  alcohol  and  resin;  I 
in  consequence  of  the  observations  of  several  distinguisli 
philosophers,  a  different  view  of  this  subject  has  been  1 
terly  entertained.  It  has  in  fact  bi^en  ascertained  that  t 
quantity  of  acjueous  vapour,  in  any  space  having  sufRcie 
access  to  liquid  water,  is  always  directly  as  the  temi)e] 
ture,  whether  there  bi^  a  plenum  or  a  vacuum,  or  whatei 
may  be  the  density  of  the  air  simultaneously  present. 
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.  It  b       '  t      a  cuirent  of  atmon^ieric 

I  prooMites  era.\turo.i        ooly  by  mnoTing  toe  ne< 

K  l»  wUck  the  va     ur  1  otiierwiBe  be  exposed, 

[  itaeir  througli        a     ^Bpfaeric  interstices  to  a 

.  Nererdiclcss,  it  appears  to  me  that  the  inflDCDce 
«  cuireot  of  atmosphene  air,  io  iHumotiiig  evaporaticm, 
—  tcr  than  can  be  raaaooaUy  tbns  accounted  W. 

It  u  difficult  to  coDcdTe  Uut  the  eJements  <^  at- 
air  Bhoold  hare  no  affiniQr  for  those  of  liqiuds) 
if  such  affinity  exist,  it  should  not  promote  the 
pscMB  of  evaporation  Nothing  can  be  more  certain 
^ta  tbns  evnporation  is  accelerated  in  proportion  to  the 
MBit  lo  which  coDiact  may  ■■  induced  Etetween  the  a^- 
Ibm  and  liquid  portidc!  I:  e  vhen  sur&ces,  moistened 
•itk  soch  vola&lc  liqui<  i  Iphoret  of  carbon,  or  the 

mm  volatile  etber»,  are  1  to  the  wind,  or  to  a  tdast, 

mimte  odd  is  produced  t>y  tbe  accelerated  evaporaticm. 
ll  ■■  well  known  that  the  directicm  of  the  vdnd  oecomes 
midt  fracn  the  sensation  of  coldness,  ezperieoced  in  that 
WAIf  tba  weoed  fineei  on  which  it  blows.  With  the  re- 
SjIptiiigniAmcea?  a  «ze,^irtien  the  skin  ismoistoied 
9|M^iimtioa,  we  are  all  familiar. 

SI.  Tlie  piDcesses  of  evaporatioii,  and  vaporization  in 
At  lease  of  etnllitioD,  cannot  be  confounded  io  practice, 
rer  they  may  be  identified  agreeably  to  prcTailing 
s.  Io  either  car  i,  heat  is  requisite,  though  much 
neccieaiy  in  thot  of  evaporation;  but  other  things 
nnal,  tbe  process  last  mentioned,  is  accelerated  m 
psoMtion  to  die  extent  of  surface  exposed  to  the  air,  while 
ewlitni  takes  place  in  proportion  to  the  surface  exposed 
Id  tbe  fii^  wkhout  access  of  air.  It  only  requires  that  tbe 
woar  |*enerated  should  have  an  aperture  sufficient  to 
dbv  of  its  eecape,  without  increase  of  pressure.  Hoice 
•uHataig  vessels  are  made  broad  and  shallow,  while 
kMin  imy  be  made  deep  with  narrow  openings. 

CdipnAieed  by  tie  Evaporation  of  Ether  when  acceierated 
by  a  Current  of  Air. 

1|L  Tbft  cold,  produced  by  evaporation  accelerated  by 
"  air,  may  be  advantageously  shown  by  subject- 

ir  bulb  simultaneously  to  a  jet  of  ether. 
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and  a  blast  from  a  bellows,  so  that  the  atrial  and  ethereal 
particles  may  be  thoroughly  mingled  just  before  reaching^ 
the  bulb.     Water  may  be  frozen  in  a  bulb  thus  refrige- 
rated. 

235.  A^eeably  to  the  principle  aboye  illustrated,  (217)  that  when  air  is  libartM    .: 
from  a  state  of  coniprcssion,  cold  ensues,  I  have  lately  contrived  a  new  mode  of  ez-    ■_■ 
hibiting  the  vaporization  of  ether,  so  as  to  freeze  water  on  a  more  eztentive  acalfty 
and  on  a  much  more  striking  manner  than  heretofore.     Between  the  lower  part  oTa 
very  strong  vessel  of  sheet  iron,  capable  of  holding  40  gallons,  and  the  "AyrfrMff"   ~^ 
pipes  by  which  our  city  is  supplied  with  water,  a  communication  is  made  by  mwint    . 
of  a  pipe  and  cock,  so  as  to  be  opened  or  closed  at  pleasure.    The  vessel  is  prtvioos- 
ly  filled  with  air,  by  allowing;  it  to  discharge  any  water  which  it  may  hold  tnrooffa  b 
cock.     Under  these  circumstances,  on  opening  the  communication  with  the  hydraDt 
pipes,  the  air  within  the  vessel  may  be  subicctcd  to  a  pressure  of  more  than  dim    : 
atmosphere.  (154.)     If  by  moans  of  a  suitable  leaden  pipn,  furnished  with  acoek«     , 
and  terminating  with  a  capillary  orifice,  the  air  bo  allowed  to  blow  into  some  etlMT     ' 
and  water  contained  in  a  thin  capsule,  the  ether  will  be  rapidly  vaporized,  and  IIm    ' 
water  soon  frozen. 

2iMj.  In  tliis  experiment,  in  lieu  of  hydric  (sulphuric)  ether,  we  employ  the  aaw 
form  of  hyponitrous  ether  which  I  have  lately  discovered,  the  congelatioa  wiO  hm    ~ 
more  rapidly  accomplished. 

237.  It  will  hereailer  be  shown,  that,  by  analogous  causes,  when  solid  earbaaiB  I 
acid  is  thrown  into  ether,  a  refrigeration  is  produced  by  which  mercury  may  ka     . 
rapidly  frozen. 

Drfinition  of  Vapour  by  Berzdius, 

23d.  Berzclius  objects  to  the  use  of  the  word  vapour  as  implying  a  eondeaaibla 
ailriform  fluid.     IJe  uses  it  in  the  sense  in  which  Knglish  authors  employ  the  word 
fog,  or  cloud.     Vapour  and  steam  were  originally,  and  still  are  used  m  thiseeneay 
yet  the  fluid  which  is  used  to  propel  steam  engmes,  and  to  which  they  owe  their 
distiuiruishin^  name,  can  only  consist  of  water  in  the  aCriform  state  in  wnich  it  is  bj 
the  distinguisncd  Swede  designated  as  aqueous  gas.     Johnson  defines  steam  to  ha 
the  smoke  or  vapour  of  any  thing  hot  and  moist.     Of  course  steam  smoke  and  fik     . 
pour  have  in  some  cases  been  used  synonymously.     I  have  elsewhere  mentioBed    ^ 
that  before  Blick's  discoveries  and  inferences  were  published,  atmospheric  air  wm 
the  only  aOriform   fluid  whose  existence  was  recognised.     Hence  the  use  of  Aa     - 
wordn  Htcani  and  vapour  has  grown  with  our  knowledge,  and  consequently  the  namei   : . 
applied  to  visible  steam  or  vapour  have  been  extended  to  mean  the  invisible  adf»   < . 
form  fluids  from  which  it  is  produced  by  refrigeration.     I  have  some  repugnance  ti 
designating  by  a  common  epithet,  pcrmant^nt  gases,  and  the  condensible  elastii 
fluids  produced  from  liquids  above  their  boiling  points.     I  do  not  see  that  any  d» 
advantage  arises  from  the  customary  use  of  the  word  vapour  to  designate  the  utter.   - 

()f  the  Opponent  Injhience  of  Pressure  on  the  Extrication  af 
Gaseous  Substances  from  a  state  of  Combination. 

239.  When  one  of  the  ingredients  of  a  solid  or  liquid  is 
prone  to  assume  the  aeriform  state,  its  extrication  will  be 
more  or  loss  easily  effected,  in  proportion  as  the  pressure 
of  the  air  is  diminished  or  increased. 


■^  Lme  t^eeUdloaii  Add, 
ekedh$  CkmdauaHm. 

S40.  If  «  tall  cylindrical  jar,  contBiniDg  a  or- 
boDBte  undngoing  the  actioii  of  an  acid,  be  placed 
imdsr  a  nonTer,  and  the  air  wilbdr&wm  by  an  air 
pump,  tin  efibrresceooa  will  be  augmeat^].  But 
iff  oa  Urn  other  band,  the  same  mixture  be  placed 
under  a  reooiw,  in  whkA  the  pmsure  is  iiiCTnaed 
by  coodenatiaa,  tbu  eftrreMseuce  will  be  dimi- 
niflhed.  In  the  one  caas,  the  efirat  of  the  carbonic 
acid  toassuaie  (he  gaaeoDs  state  is  reprened;  in 
the  other,  ftrilitated.  tfence  the  advantage  of 
ooDdcMHtioo  in  the  procev  for  manufacturing  car- 
booie  Mid  water.  Beymd  an  afaaoiption  at  it* 
own  Inlk  of  the  ma,  the  affinity  <^  the  water  ia 
ii»dei|uate  to  aabdne  thq  tandcncy  <^  the  add 
to  tba  aerifann  alaia;  but  when,  by  mecbanivl 
praMore,  a  graat  Dumber  of  Totmnes  of  the  gas 
are  ooodenna  into  the  apace  ordbaiity  occupied 
witbMhtri 


a  height,  tnd  3  incbw  in  .... 

-„ 9  bloek,  W,  betwMn  nprirht  inti  rod*,  RR,  aach  it  the 

hwal,  riwtod  !•■  piKte  or  iron  baoMth  tM  block,  and,  at  the  dppstaiid,  a 
immti  aodfonuikd  wilh  annL  Bj  makna  of  theiie  acrawi  and  nut*  Ihna  formed, 
■4  Matamaiu  «Naa  bar,  B,  a  bra**  dUk,  D,  ia  praaMd  npoa  the  rim  of  the  ra- 
tmm.  Tbtt  «ik  i»  m  noand  to  h  to  the  rim  of  the  glaaa,  a*  that,  with  the  aid  of 
MMwawAt  4u\f  etAeDMl  bj  hid,  >d  air-tishl  janctare  ma;  be  made.  In  the 
■ihtf  Iha  4i*k  tJMn  ■■  an  apariare,  from  which  proceed*  a  itont  (obe,  wilh  a 
■Am  Mck  afc,  Mterally  fnmithed  with  gallow*  acrewi,  by  meaiu  of  which 
lwi|i^  ^mj  \»  nad*  to  commonieale  with  an  air  pump  on  one  tide,  and  a  con- 
fc^M* tha  alhg.  The  loba  ii  ilio  anrmoonted  b;  a  cock,  into  which  a  glan 
itei^BMaaBteJ.  Before  cloiing  tlie  receirai,  aome  aolid  carboaate  in  piseei  mnit 
bv^Betoadaoaalaoecapj  abont  one'tbiid  of  the  cavit]'.   For  thi*  parpoee  I  Imto 

SIitW  ■iliiiaala  «f  astmoni*,  calcoreoa*  apar  in  flra^nienta,  and  ]atterlj>  clam 
k  la«itbar  Wllwaa  ealialanre*,  carbonic  acid  and  lime  are  the  principal  ingre- 
tl^m.  t^  mih»*[*  beiny  introdnced,  and  tbe  di*k  Artened  into  \U  pl^,  a*  ra- 
li^iBlari  !■  Aa  int*,  dilated  muriatic  acid  maj  be  added,  b;  mean*  of  the  fiuuMi 
aricatk,  ia^BBfi^  eaffiMent  to  eorer  the  carbonnla. 

IB.  lae^aaqoiBee  of  the  auperior  affinilj  of  chlorine  for  the  calciom,  and  oThj- 
taMta  Aboxjibb,  (in  the  oxide  of  calcium  oi  lime)  the  carbonic  aoidiaeipallad 
baa  fHMw  M*B,  canug  a  percepliblB  cffinreacence  or  foaming  of  the  liquid. 
IwiAr  tk^  citcnutaaeaa,  by  mean*  of  ibe  air  pomp,  the  atmoapbaric  preMOta 
MaAa  MeaiTer  ba  leaaaned.  the  eSerraacence  increaaa*  slrikinglj.  On  the  other 
hAlf.brclDainf  tbecoonnunieatioiiwith  the  air  pnmp,  ind  owning  that  with 
fcfmi«Bar  while  this  >■  in  operation,  the  preuore  ba  increaaa d,  it  will  ba  aeen 
I  ta4t  aHiim  I  !■«  ia  dininiahed  propoiliooablj. 

I     MTkB  tiperimcnt  ia  mnch  faciliuted  by  the  employnxtit  of  an  air  panp, 

I   AMIbaaa  coolhnd,  by  which  we  can  either  oxhamt  or  condenie  at  pleiaure. 

&  AgHaably  to  eip«nnicnta  pe ribnned  by  Karaday,  when  llie  reiction  between 


__  .  _ .  a  aloul  lube  honnetically  ai 

'  ^Atau  ke  aepairaled  in  the  liquid  form.  According  to  the  more  recent  obaer- 
■AMtf  Thikmar,  Ihia  reault  hia  bean  attained  upon  a  large  acala,  and  one  por- 
fciffc  iMnltiag  bqoid  ha*  been  found  to  be  partially  froien,  by  the  caloric  ab- 
i^Milf  At  wfcri»tion  oflbe  other  portion. 
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» 


245.  Thiloricr's  procen,  at  improYed  by  Mitchell  and  others,  will  be  hereafter  il-  r^ 
lustratod  and  explained. 

24<>.  By  analogrou9  means  varioos  substances,  naturally  gaseous,  have  been  liqneiM 
by  Faraday,  as  will  be  mentioned  in  treating  of  those  substances. 

247.  All  the  cases  of  liquefaction  alluded  to,  are  referable  to  the  law  that  tiM 
power  of  any  matter  to  pass  to  the  aCriform  state  is,  ceteris  paribus,  lets  in  proportioa 
at  the  pressure  is  greater. 

Of  the  Screw  Rod  and  Plate  Frame ^  employed  in  the  preceding  and  many  other 

Eipertmcnts. 


\ 


248.  The  meant  by  which  the  ^lass  receiver,  employed  in  the  preceding  experi- 
ment, is  upheld  and  rendered  air.tiffht  by  the  rods,  R  K,  the  wooden  block,  W,  tbe 
bar,  B,  ana  circular  plate  or  disk,  D,  is  one  to  which  I  shall  resort  freqaently  in  tbe 
course  of  my  experiments.  Hence,  to  avoid  unnecettary  recurrence  to  anak^goiia  ■ 
deacription,  I  shall  in  future  designate  as  a  screw  rod  and  plate  frawUj  that  poitioii  ^ 
of  the  apparatus  above  described,  which  consists  of  the  Hock,  har^  f^^t  uid  jrrtw 
rods*  \_. 

249.  The  glatt  in  thii  case  is  made  quite  trne  by  ^nding  on  a  large  lap  wlMd,  -_ 
tuch  at  is  employed  by  lapidaries.    The  same  object  is  effected  in  the  cite  of  hfwm  '•' 
plates  without  grinding,  by  turning  them  in  a  lathe  with  a  slide  reel,  and  by  a  tool   -' 
with  a  fine  pyramidal  point.  • : 

OF  CAPACITIES  FOR  HEAT,  OR  SPECIFIC  HEAT. 

y 

250.  The  power  of  equal  weights  of  different  substances,  . 
at  the  same  temperature,  in  cooling  or  warming  a  liquid  at    : 
a  temperature  different  from  their  OAvn,  will  be  found  very 
unequal.     Thus  the  effect  of  a  given  weight  of  water  ; 
being  10()0,  the  effect  of  the  like  weight  of  glass  will  be 
137,  of  copper  91,  tin  51,  lead  29,  iron  110,  gold  29,  pla« 
tinum  31,  zinc  92,  silver  55.     If  equal  weights  of  water 
and  mercury,  at  different  temperatures,  be  mixed,  the  effect 
on  the  water  will  be  no  greater  than  if,  instead  of  the  mer- 
cury, Ath  of  its  weight  of  water,  at  the  same  tempen'iture 
as  the  mercury,  had  been  added;  and  it  takes  twice  as 
much  mercury  by  measure  as  of  water  heated  to  the  same 
point  to  have  the  same  influence. 

251.  The  term  specific  heat  is  usually  employed  to  de- 
signate the  quantity  of  caloric  in  a  body  in  proportion  to 
its  weight  or  fmlk^  as  specific  gravity  is  used  to  convey  an 
idea  of  weight  compared  with  hulk. 

252.  In  the  process  above  described,  the  specific  heats 
of  substances  arc  found  in  order  to  estimate  their  capaci- 
ties; the  one  being  necessarily  as  the  other,  and  the  same 
series  of  numbers  expressive^  of  either. 

"  Modification  of  tho  «irrew  rod  and  plate  frame  are  roprcwntod  in  tlio  onflfniTuif 
referred  to  pajfo  28.  (15:1.) 


l^fKWIm^or  iJituira^i^  CttpaeiHafir  Htat. 


Mb.  Lei  Imnela  A,  B.  and  C.  be  >  mth  i        through  Ite  , 

klvWeonuiHincMlesvitb  m  ^a  I  ital  cBbiiimI 

AnooteUocV.     The  wittr  viu  ia  alL    Of  I 

mtia  iMUun)  HMMJP   bydx   I  in         i-         i  to  i  rf"  \ 

Htf  lUifiqudwSfae  tbens  ,i       will  vy  t     i  of' 

^Baarfwstn-B  the  tub^'i.  u  u»  t      urn  cwu 

•HdafaiitAexar  tbe  quMil  7  bv  <  iti      d 

■■pnHD  lliatttwy  hM  all  ro  q      otr-  it  tn 

lyncoi  1  De       diSb       aai       i 

_._         .__  m  i«i»b;  Bt-j 

d  li  lbs  vMer  vdiin  dnTCoi    ■         i      i  fiu      '  aooa      n  oti       '  f 

■  mt  tnba^  ■■  Hf  eridoHe  oi  an  «q  in        pcutioDs 

iPiAby  thMu  . 

■Lb  Uka  lUBMcr  the  bdgfatofUwmeKiiryin  tbelbemiocnelerBhcHn  I 
iHatatce  wUck  •afastancei,  whose  tempenture  it  meafiures,  are  making  I 
^ father  aoooMDo  of  caloric;  but  it  don  not  indicate  the  quantities, 
f«iiely  icceiTCt  l^  ibon,  in  Bttamipg  the  temperature  is  queatjon.  i 
m  ^riea,  b  theO)  io  proportioo  to  their  aitiaclioo  for  this  aelf-repeUent  I 
ii;  » the  ooaptitiw  of  water  received  by  the  ressela.  A,  B,  C,  are  varied  f 
tic  Hbo  of  tbeir  reipecti*e  areas. 

—It  tuny  be  conjectured  that  this  diversity  in  the  power 

.  eqnlly  hot  or  cold,  in  influencing  temperature,  is  due  to  a 

Ht  IB  tbar  capacity  to  attract  caloric,  in  conaequ^ioe  (^  which  it 

1^  farms  dcDKT  Btnioapherea  about  the  atoms  of  some  •ufaetBDces, 

daa  afaoW  tlMK  of  others. 

.  Aa  avlogy  has  already  been  suggested  to  exist  between  the  man* 
"  *  ''    «  calorific  atmospheres  surround  atoms,  and  that  in  which 
mtded  by  the  air ;  and  also  the  Dx>de  has  been  suggested  la 
_  ■  of  lempCTUure  in  the  external  medium  would  operate  upOD 
■ity'sf  audi  atmospheres.     Supposing  these  preliminary  su^n- 
im  carrcci,  it  wonld  foUow  that  the  quantity  of  caloric  absorbed  or  given 

■  tfacfaaierior  change  of  temperature,  by  anyone  congeries  of  atoms, 
HUbc  to  that  absorbed  or  given  out  by  any  other  congeries,  aa  the  pr» 
naea(idaM.tion  of  caloric  in  the  one,  is  to  its  previous  o  ' 
iMttv.  (173, 174,  175,  176.)" 
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Of  the  Specific  Heat  of  Gtueous  Bodies. 

257.  It  was  suggested  by  Lambert  and  Pictet,  and  the  suggestion  was  after*  -' 
».     wards  sanctioned  by  Dalton,  that  space  may  have  a  capacity  for  calorie*  ' 

Consistently  with  this  idea  the  quantity  of  caloric  in  a  given  space  should  rv 
always  be  the  same  whatever  may  be  the  gaseous  fluid  occupied  by  it»  - 
This  is  consistent  with  the  fact  that  all  the  gases  have  the  same  capacity  tot  - 
heat,  and  all  undergo  a  like  expansion,  in  consequence  of  a  Hke  increase  of  . 
temperature.     Agreeably  to  this  view  of  the  case,  the  cold  produced  by 
rarefaction,  as  in  the  cx}X)riment  with  the  exhausted  receiver  (^1<2)  or  the 
palm  glass,  ('21*'>,)  the  heat  consequent  to  the  compression  of  air  (210) 
arises  from  the  caloric  in  the  air  or  vapour,  being  too  little  for  the  space 
allotted  to  the  air  in  one  case,  and  too  great  for  that  allotted  in  the  otber. . . 
I  j      This  idea  seems  to  have  been  abandoned  in  consequence  of  an  experiment 
!  '      performed  by  Gay  Lussac.    This  eminent  chemist  having  made  a  Torri- 
i  '      cellian  vacuum  within  a  tall  cylindrical  glass  receiver,  about  3  inches 
diameter  and  39  in  height,  found  that  when  the  mercury  employed 
made  to  rise  or  sink  in  the  vacant  space  so  as  alternately  to  enlarge  or  di< 
minish  it,  no  consequent  variation  of  the  temperature  took  place,  since  a 
delicate  air  thermometer,  of  which  the  bulb  was  included,  indicated 
change.     It  appeared,  nevertheless,  that  when  a  minute  quantity  of  air 
admitted,  any  increase  or  diminution  of  the  void  space,  consequent  to  the 
rise  or  fall  of  the  mercury,  was  as  productive,  as  the  same  thermomeler 
showed,  of  a  corresponding  increase,  or  diminution,  of  sensible  heaL 
\  \      Hence  it  has  been  inferred  that  a  perfectly  void  space  has  no  capacity  far 
heat,  the  changes  of  temperature,  consequent  to  the  rarefaction  or  conden- 
sation of  aSriform  fluids,  being  altogether  caused  by  corresponding  changes 
in  the  capacity  of  those  fluids  for  caloric.     I^ut  as  a  perfect  vacuum  must 
liberate  heat  with  perfect  facility,  it  appears  to  me  that  the  caloric  should 
be  absorbed  by  the  mercury  as  rapidly  as  this  metal  could  be  made  to  en- 
croach upon  the  space  occupied  by  the  calorific  particN.'s,  and  that,  conse- 
quently, no  palpable  condensation  of  them  could  be  ctfected  by  the  above 
described  process  resorted  to  by  Gay  Lussac. 

258.  Admitting  that,  for  equal  weights,  the  s[)ecific  hout  of  air  is  seven 
times  as  great  as  that  of  mercury,  that  of  spiice  k'ing  the  same  by  the 
premises,  there  could  not  have  been  ?i  capacity  greater  than  that  of  about 
200  grains  of  the  metal,  whereas  a  very  small  stratum  of  this  metal,  equsi 
to  one-fourth  of  an  inch,  would,  in  the  apparatus  employed,  amount  to  moie 
than  a  pound. 

259.  The  following  ex[K?rimc'nts  aj)p'ar  to  mo  to  be  irreconcilable  with 
the  idea  that  the  heat  acquired  hy  air  i'nlering  a  space  does  not  arise  from 
the  specific  hexit  of  the  space.  When  a  receiver  was  exhausted  so  as  to 
reduce  the  interior  i)ressure  to  one-fonrlh  of  thai  of  the  atmosphere,  and 
one-fourth  was  suddenly  admitted,  so  as  to  lower  the  mercurial  column  in  a 
gauge  from  about  22  i  inches  to  15  inches,  heat  was  prcKluced ;  and  however 
the  ratio  of  the  entering  air  to  the  residual  portion  was  varied,  still  there 
was  a  similar  result. 

260.  When  the  cavity  of  the  rweiver  was  supplied  with  the  va]K>ur  of 
ether,  or  with  that  of  water,  so  as  to  r(»nn,  according  to  the  Daltonian  hv- 
pothesis,  a  vacuum  for  the  admitted  air,  still  heat  was  ])roduced  by  tlie  lat- 
ter, howc^ver  small  might  be  the  (juantity,  or  rapid  the  readmission.  When 
the  receiver  was  exhausted,  until  the  tension  was  less  than  that  of  aqueous 
vapour  at  the  existing  temperature,  so  as  to  cause  the  water  to  boil,  as  in 
the  Cryophonis,  or  Leslie's  experiment,  still  tlie  entrance  of  -psV?  ^^  ^* 
quantity  requisite  to  fill  the  receiver  caused  the  thcnnomcter  to  rise  a  tenth 
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fad,  tkal  heat  b  prodnoed,  when  to  air,  xaiefied  to  one-fourth 

deonty,  another  finrth  is  added,  seems  to  me  to  be  irr^ 

i  idea,  that  this  lendt  arises  from  the  compressioii  of 

pieYioosly  occii|ijiiig  the  cavity,  sinoe  the  eatering  air 

~  '  as  the  vandual  portion  is  condensed* 

ly  Id  Dalton,  a  cavity  oocufiied  by  a  vapour  acts  as  a 

wUdi  may  be  introduced,  I  infer  that  when  a  receiver, 

wUi  ether  or  water,  is  ezhansted  so  as  to  remove  all 

Ais>r«MllBiia  ■**^**"g  besides  aqoeous  or  etheteal  vapour,  the  heat,  ao- 

If  sv  aimittBd,  cannot  be  ascribed,  consistently,  to  the  condensa- 
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mC  Stow  OOMBiIUllICATION  OF  HEAT,  COMPRISING  THE 
CONDUCTING  PROCESS  AND  CIRCULATION. 

Q^  He  Conducting  Process  in  Solids. 

It  is  well  known  that  if  one  end  of  a  piece  of 
OKialie  wire,  as  a  common  pin  for  instance,  be  held  in  a 
caadk  flame,  the  other  end  soon  becomes  too  hot  for  the 
fiK^ffi.  It  IB  also  known  that  the  heated  irons,  used  in 
fioUenw  and  other  processes  in  the  arts,  have  usually 
woodcniiaDdles,  whicn  do  not  become  unpleasantly  warm, 
the  irons  within  them  are  hot  enough  to  blister  the 
This  inferior  power  of  wood  in  conducting  heat 
b  also  well  eiemplified  by  the  handles  of  silver  tea-pots, 
ittch  an  sometimes  altogether  of  wood;  in  other  in- 
principally  of  metal,  small  portions  of  wood  inter- 
In  either  case,  the  facility  with  which  the  heat  is 
fnpcated  in  the  comparatively  thin  metallic  socket,  is 
^taipjr  ODDtnusted  with  the  difficulty  which  it  experiences 
M^fummting  the  wood. 
Iplb  An  — ^-^-ity  of  conducting  power,  when  com- 
'  i  B,  is  also  displayed  by  common  bone, 
IT*    jj  porcelain,  and  especially  glass. 
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inequaUiy  of  Conducting  Powers  experimeniaUy  iUuttraUtL 

266.  Let  there  be  four  rods,  sevem 
of  metal,  wood,  glaas,  aod  whalebone,  ei 
cemented  into  a  ball  of  sealing-wax.  1 
each  rod,  at  the  end  which  is  not  oenoeol 
to  the  wax,  be  successively  exposed  to  I 
flame  excited  by  a  blow  pipe.  It  will 
found,  that  the  metal  becomes  quickly  he 
ed  throughout,  so  as  to  fall  off  from  ( 
wax;  but  the  wood  or  whalebone  OMnr 
destroyed,  and  the  glass  bent  by  the  m 
tion,  very  near  to  the  wax,  without  mflhi 
it  so  as  to  liberate  them. 

Additional  lUuairationB 

267.  The  following  method  of  illuati 
ing  the  diversity  of  conducting  power,  p 
sessed  by  difierent  substances,  has  n 
suggested  by  an  analogous  process  descril 
in  Silliman's  Chemistry. 

268.  Rods  similar  in  diameter  and  length,  and  consisting  several^ 
lead,  tin,  iron,  copper,  wood,  and  ivory,  are  made  to  pass  from  side  to  si 
through  a  vessel  of  sheet  copper,  in  the  shape  of  an  oblong  parallelopip 
Each  rod  extends  on  one  of  the  sides,  to  an  equal  distance  beyond  the  t 
sel.  By  these  means,  when  the  vessel  is  filled  with  boiling  water,  eqi 
portions  of  each  rod  being  situated  within  the  boiler,  they  are  all  exposed 
an  equal  degree  of  heat.  It  is  presumed  that  under  these  circumstances ' 
conducting  power  will  be  nearly  in  the  inverse  ratio  of  the  time 
to  communicate  to  the  equidistant  ends  of  the  rods,  a  heat  adequate  to 
the  ignition  of  similar  pieces  of  phosphorus,  simultaneously  placed  u( 
them,  before  the  application  of  the  boiling  water. 


Rationale  of  the  Fracture  of  Glass  or  Porcelain  hy 

269.  The  fracture  of  glass  or  porcelain,  exposed  to  fire,  is  the  con 
quencc  of  an  inferior  conducting  power;  as  the  heat  is  not  distributed  w 
quickness  enough  to  produce  a  uniform  expansion.  Ilencc  glass  is  as  lial 
to  crack  by  heal,  in  proportion  as  it  is  thinner.  It  may  be  divided  bj 
heated  iron,  by  a  string  steeped  in  oil  of  turpentine  and  inflamed,  or  by  1 
heat  generated  by  friction.  (322,  &c.) 

€f  the  Conducting  Power  of  various  Metals* 

270.  Metals  are  by  far  the  best  conductors  of  caloric.  There  are,  lio 
ever,  scarcely  two  that  conduct  it  equally  well. 

271.  Despretz  has  ascertained  by  exact  experiments,  that  theconda 
ing  power  of  the  following  metals  is  in  the  ratio  of  the  subjoined  number 

Gold, 1000.0 

Silver, 073.0 

Copper, 898.0 

Platinum, 381.0 

Iron, 874.S 

Zinc, 36a.0 


tti.  I  oooceive  that  in  solids,  the  siratum  oraloms  forming  (he  surface  first 
nfiMed  to  tbc  beat,  combbiag  with  an  excess  of  this  principle,  divides  it 
wah  [be  Dcxt  stnUiim.  The  caloric  received  by  llie  second  stratum,  is  in 
te  next  pbcc  divided  between  the  second  and  third  stratum.  In  the  mean 
me  ifac  fint  stntum  has  received  an  additional  supply  of  caloric,  which 
jBna  to  ihe  second  and  third  stratum  as, in  the  first  instance;  while  the 
fnntity,  at  first  rccdved  by  tbem,  ia  penelraling  further  into  the  mass. 

ZT3.  It  it  1  trust  easy  to  conceive  thai,  by  (he  process  thus  suggested,  ea- 
ViTK  may  find  its  way  throughout  any  body,  for  the  particles  of  which  it 
rno*  lave  jufficient  affinity.  ProbaUy  the  superior  conducting  power  of 
nxUli  is  due  in  great  measure  to  a  proportionably  energetic  affinity  for 
calcfif.  '-     ~  -^ — 

?rt  Tlie  conjecluies,  which  I  vcntared  to  advance  respecting  the  mode 
B  viich  caloric  may  exist  in  atmospheres  about  atoms,  seem  to  be  pecu- 
laHy  applicable  to  tbe  case  of  metals,  on  account  of  their  sreot  enpansi. 
dityby  heat,  and  Bosccptibilily  of  contraction  by  cold.  (174^ 

'.Ti.  If  caloric  be  not  interposed  in  a  dense  repulsive  atmosphere  between 
aptalbc  nlnms,  howcaD  its  removal  cause  that  approximation  of  those  atoms 
tnardi  c.ich  other,  vitfaout  which  the  dimiuulion  of  bulk  invariably  conse- 
fmi  lo  n^frigcratioQ  could  not  ensue? 

Liqmda  almott  detiitute  of  Conducting  Power, 

376.  That  liquids  arc  almost  devoid  of  power 
to  conduct  heat,  is  proved  by  ihc  inflammation 
of  ether  over  the  bulb  of  an  air  thermometer, 
protected  only  by  a  ihin  stratum  of  water. 

277.  The  inflammation  ofclher  upon  the  sur- 
face of  water,  as  represented  in  this  figure,  docs 
not  cause  any  movement  in  the  liquid  included 
ill  the  bore  of  the  «ir  thermometer  at  L,  althouj^h 
the  bulb  is  wilhin  a  quarter  of  an  inch  of  iho 
flame.  Yet  th('  tlicrmomoter  may  be  so  sensi- 
tive, ihnt  touching  the  bulb,  while  under  water, 
with  the  fingers,  may  cause  a  very  perceptible 
indication  of  increased  leinporaturc.  By  placing 
the  sliding  index,  I.  directly  opposite  the  end  of 
ihr  column  of  liquid  in  the  stem  of  the  thermo- 
mi'irr,  licforn  the  i^thcr  is  inflamed,  it  may  beac- 
ciiratelv  discovcreil  whether  the  heat  of  the  flume 
causes  any  movement  in  it. 


so 
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CoflifliuRtcatioR  of  Caloric  by  Cireulalion.  '' 

278.  That  caloric  cannot  be  communicaicd  in  liquids,  unless  it  be  m  ••• 
plied  as  to  cause  a  circulotion  of  the  particles,  b  ijcmonst rated  l^  tW' 
following  experiment. 

279.  A  glass  jar,  about  30  inches  in  height,  is  supplied  wilh  as  mndl  ' 
water  QS  will  riso  in  it  within  a  few  inches  of  the  brim.  By  means  of  »  ' 
lube  descending  to  the  bottom,  a  smnll  quantity  of  blue  colouring  matter  is  -- 
introduced  below  iho  colourless  water  so  ns  to  form  a  simtiim  as  represented 
at  A,  in  the  engraving.  A  stratum,  jLtFcrcnlly  coloured,  is  fornied  in  the.., 
upper  pnrt  of  the  v<.>s«^l,  as  represented  at  B.  A  tin  cap,  supporting  a  '.] 
liollow  tin  cylinder,  closed  at  bottom,  and  about  an  inch  less  in  diameter 

than  (he  jar,  is  next  placed  as  it  ia  Ken  . 
in  the  engraving,  so  that  the  cylinder  I 
may  be  concentric  with  the  jar,  and  I 
descend  about  3  or  4  inches  into  theij 
water.  H 

SSO.  The  apparatus  being  thus  ^re-t 

Iiarcd,  if  an  iron  heater,  H,  while  ied-| 
lot,  be  placed  within  the  tin  cytinder,  ^ 
the  coloured  water,  about  it,  soon  boik;  ^ 
yol  neither  of  the  coloured  strata  inter- 
mingles with  iho  iuicnncdiate  colourlcn 
mass;   and   on  sliding  the  finger  up- 
wards, whilo  in  cinilact  with  the  glass, 
the  heal  will  be  foiuid  to  have  penetrated 
only  a  very  small  distance  below  the 
tin  cylinder.      But  if  tiie  ring,  R,  ba 
placed,   while  red-hul,    upon  the  iroa 
stand  which  surrounds  the  jar  at  S  S,  ' 
the  portion  of  llie  liquid  coloured  t^uRi  | 
being  opposite  lo   ilie  ring,  will   rin  J 
until  it  i-ncoinitcrs  the  wanner,  and  of  i 
ciiurse    lighter,  piirticlis,  wluch    hate  ^ 
l<-<'n  in  conlacl  with  tlie  tin  cylinder. 
Ihreils  progro-is  upwards  is  arrestcdi 
and,  in  con3Ci[uenci;  of  iho  iliverwly  rf  ■ 
iho  colours,  a  wtH  defined  Une  of  scpiK 
mtion  Ixvomt'ri  conspicuous. 

2>^l.  The  pluntimciia  oflhisinterest- 
ini;  experiment  may  Iw  thus  explained. 

■J^U.  iflhe  upper  i>ort  ion  of  a  vewd, 
coniiiinin;:  a  Ituid,  h>'  hcotiil  exclunrc- 
Iv,  the  neighliKiirin;!  panicles  of  ibc 
(I'uid  being  rendenxl  lighlcr  by  cx[nn< 


il,  ihnn  IxTon',  to  dfscend  from  ihcir  jmsiiion.     But 

the  inll-riorsirttii  ufihe  fluid  in  the  saiiK' vessel,  te 

:r  than  those  above  llii'in,  their  coiiatquuit  exiwision  and 


IpBonlly  to  Ob  lover  part  itf 
laeafletBfeMlim  in  *.  coab 

tfiBBnt  n  equsll; 

■  tfcal  m  thB  flue  «  i 


>  (mplaoe  to  putieW  aborc 

er.    Heooe  best  mMt  be  >(>• 
in  onfar  to  docswhi  a  tini< 


I  be  aSiiibnnor 
mflmneaof  pnn- 
and  at  othano^' 


tfOeProciubgwUekCdlaruuiUlraided 
OT  a  liqmd  wdil  it  boiU. 

264.  On  die  fint  ai^tlication  (rf'heal 
to  Ibe  bottom  (£  a  veasel  contain- 
ing cM,  water,  lbs  panicles  in  con- 
tact with  tba  bottom  are  heated  and 
expanded,  and  ctKMBqueBtl;  beeooM 
lighter  than  tiwae  abofe  tbem.  Tb&f 
rise  tfaerefbn,  nviog  an  opportuni^ 
to  otbn  paiticlei  to  be  baled  and 
to  riee  in  their  turn.  Hia  particles 
which  vem  first  heated,  are  soon 
compaiativelj  colder  than  tfacaa  bj 
whiofa  they  were  di^laoed,  and,  d»i 
scendins  to  thdr  piunidTS  aituatioa, 
are  again  mode  to  rise  by  additional 
heat  HDd  enlargecnent  of  their  bulk. 
Thus  the  temperatures  reversing  the 
situations,  and  tbe  siluations  t))e  t^n- 
peratures,  an  inceesnni  circulation  is 
maintained,  so  loog  as  any  one  por- 
tioD  or  the  liquid  is  cooler  than 
SDoHter,  or  in  other  wonts,  till  ebul- 
■  Mtea  place;  previously  to  which  erery  particle  must  have  ccHnbined 
■SBueh  caloric  as  it  can  rec«:i?e,  without  being  converted  into  steam> 
9L  ^le  amnaa  in  which  caloric  is  distributed  throughout  liquids  by 
slstisa,  as  aboK  described,  is  illustrated  advantageously  b;  an  expen- 
t  noMnved  by  Rumford,  who  first  gave  to  the  process  the  attention 

ML  iiNaa  glass  nearly  full  of  water,  as  represented  by  tbe  foregoing 
%  amaD  pieces  of  amber  are  introduced,  which  are  in  specific  gmvity 
hIt  ^nal  to  water,  an  to  be  lilile  influeDccd  by  grovLtatioD.*  The 
HMt  |Brt  oT  the  ^-esscl  being  subjected  to  heat  while  thus  prepared, 
■en  dT  amber  arc  tmn  rising  vertically  in  its  axis,  and  after  they 
ktlw  tfiiioe  ot  the  liquid,  moving  townnls  the  sides,  where  the  vessel 
Ifar  fiosi  the  icnuencc  of  the  external  air.  Having  reached  the  sides 
tSMaal,  they  smk  to  the  bottom,  whence  they  are  again  made  to  rise 
Are.  W  hile  one  set  of  the  pieces  of  amber  arc  al  the  bottom  of  the 
9,  MM  aic  al  the  top,  and  others  at  intermediate  situations ;  thus  de- 


le^s^ 


te  snlplute  of 
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moDstrating  the  movements  by  which  an  equalization  of  temperature  is 
complished  in  liquids. 

287.  When  the  boiling  point  is  a(post  attained,  the  particles  being  near- 
ly of  the  same  temperature,  the  circulation  is  retarded.  Under  these  ctr^ 
cumstances,  the  portions  of  liquid  which  are  in  contact  with  the  heated  sur* 
face  of  the  boiler  are  converted  into  steam,  before  they  can  be  succeeded 
by  others ;  but  the  steam  thus  produced  cannot  rise  far  before  it  is  con- 
densed. Hence  the  vibration  and  singing  sound  which  is  at  this  time  ob- 
served. 

288.  According  to  an  observation  of  Gay-Lussac,  water  boils  in  metal- 
lic vessels  at  a  temperature  nearly  two  and  a  half  degrees  lower  than  in 
those  of  earthenware. 

QUICK  COMMUNICATION  OF  HEAT,  OR  RADIATION. 

289.  It  must  be  evident  that  the  heat  which  we  receive 
from  a  fire  in  opposition  to  the  draught,  reaches  us  nei- 
ther by  the  conducting  process  nor  by  circulation.  Actual 
contact  is  evidently  indispensable  to  the  passage  of  heat  in 
either  of  these  modes.  The  aeriform  matter  which  is  in 
contact  with  the  embers,  or  the  blaze  of  a  fire,  forms  part 
of  a  current  which  tends  rapidly  towards  the  flue,  as  must 
be  evident  from  the  celerity  with  which  the  sparks  which 
accompany  it  are  propelled.  The  rapidity  witli  which  the 
atrial  particles,  heated  by  the  fire,  are  thus  carried  up  the 
chimney,  far  exceeds  that  with  which  caloric  can  be  com- 
municated, in  the  opposite  direction,  either  by  the  conduct- 
ing process  or  by  circulation. 

290.  The  caloric  received  from  a  fire  under  the  circum- 
stances above  mentioned,  and  which  is  analogous  to  that 
by  means  of  which  the  culinary  operations  of  toasting 
and  roasting  are  accomplished,  is  called  radiant  caloric, 
or  more  usually,  radiant  heat.  It  has  been  called  radiant* 
because  it  appears  to  emanate  in  radii  or  rays  from  every 
hot  or  even  warm  body,  as  light  emanates  from  luminous 
bodies. 

291.  Radiant  heat  resembles  light  also  in  its  susceptibi- 
lity of  being  reflected  by  bright  metallic  surfaces;  in  which 
case  it  ol)eys  the  same  laws  as  light,  and  is  of  course  lia- 
ble, in  like  manner,  to  be  collected  into  a  focus  by  concave 
mirrors. 


Pkoiphonu  igmted  if  ila<ijaiil  Heat. 


HT 
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W.  The  olject  of  the  modal  lepie     ted  by  thjt  diaflnun,  is  to 
^wk  iavhidi  two  minan  open      in  coltedting  w»  nys  of  ladiaot 
kHoifledfian  ooo  locus,  and  in  oooo     lating  them  in  another. 

81  The  caloric  emitted  by  a  h  oodjr  in  the  fecus  of  the  minor, 

k  «rid  pni  off  in  ladii  or  myi,  1  ig  m  intensity  as  the  apace  into 

UtheyiMB  enlarges;  or,  in  o  woi  as  the  squares  of  the  dis- 
feBb  nt  ifaoae  ays  which  am  an  a  oy  the  mirror,  are  refleded 
liaiin  dinetimia  parallel  to  its  a:  -  Being  thus  corrected  of  their 
ba|Kytlheyiniybe  received,  wi  it  any  ottor  loss  than  such  as  arises 
b  ■rrhiiMcal  ii^iiriii  Iwaw.  by  other  mirror,  which  should  be  so 
itodte  the  asus  ef  the  two  n;  rrors  may  be  coincident;  or,  in  other 
^m  thua  Uosdrawn  througn  1  centres,  from  A  to  B,  may  at  the 
ift  tv  paM  through  their  fi)ci,  i  ented  by  the  little  balls  suf^xirted 
ffie tires,  W  W. 

!H  The  second  mirror,  B,  reflects  to  its  focus  the  rays  which  reach  it 
>%tfe  first;  for  it  is  the  property  of  a  mirror,  duly  concave,  to  render 
tniid  the  dirergent  rays  received  from  its  focus,  and  to  cause  the  parallel 
!)•  ilK-h  it  intercepls  to  become  convergent,  so  as  to  meet  in  its  focus. 

21^  Tlic  ttrings  in  the  model  are  intended  to  represent  the'  paths  in 
'^thr  rays  move,  whether  divergent,  parallel,  or  convergent. 


P^lonu 


at  the  distance  of  sixty  feet  hy  an  incandescent 
IronBaU. 


M.  T\tt  oppontc  engraving  represents  the  mirrors  which  I  employ  in 
ipjgBJbuo  <«  phosphorus  and  lighting  a  candle  by  an  incandescent  iron 
iL  f  haT«  product^]  this  result  at  sixty  feet,  and  it  might  be  always  ef^ 
ftd  II  thu  disunoe,  were  it  not  for  the  difficulty  of  adjusting  the  foci  with 
iracy  and  expedition.  I  once  ascertained  that  a  mercurial 
r,  whtti  at  the  distance  last  mentioned,  rose  to  110  degrees  of 


%•  A  aAow  candle  is  so  situated,  that  its  wick,  previously  imbued  with 
k^knii,  may  be  in  the  focus  of  one  of  the  mirrors.  A  lamp  being 
■Uy  sianucd  with  respect  to  the  other  mirror,  it  will  be  easy,  by  re- 
^'  the  fecal  image  of  the  flame  on  any  small  screen,  so  to  alter  the 
as  to  cause  this  image  to  fall  upon  the  phosphorus.  This 
the  "  een,  S,  placed  between  the  mirrors,  is  lowered  so  as 

"hi^tf  a  ■irror  is  in  a  line  drawn  from  its  csntre  Uirongh  its  true  for  an. 


I 

i 
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to  intercopl  ihe  rays.  The  iron  ball  being  rendered  whiro-bot  is  now  nb-j' 
stitutcd  for  ihc  lamp,  and  the  screen  being  liAcd,  the  phosi^Mrus  takes  fin. 
and  the  candle  is  lighted. 

Of  the  Diverntt)  of  Radiating  Power  in  MetaU,  Wood,  Charecal,      : 
Glatt,  Pottery,  4^. 

Diversity  of  Radiating  Power  experimentally  illiutrated. 


208.  Al  M,  (see  figure,)  a  parabolic  mirror  is  rcprcsrnted.  At  B  il 
&  siiiiare  glass  bottle,  one  side  of  whieh  is  covered  with  tin  foil,  lal 
anotbcr  so  smoked  by  means  of  a  lamp  as  to  be  covered  with  carbon.  Bi^  "" 
twccn  the  bottle  and  mirror,  and  in  the  focus  of  ihc  l.ittcr,  there  is  a  bulb 
<>f  a  ditrerciitinl  thermometer,  prolected  from  receiving  ony  rays  diredh 
from  tho  bcltic  by  a  small  metallic  disk.  The  bottle  being  fillod  with  bod- 
ing water,  it  will  be  luimd  that  the  temperature  in  the  focus,  as  indicated  hf 
the  thermometer,  is  gronlest  when  the  blackcneil  surfiioc  is  opposite  to  tiw 
mirror,  and  least  when  the  tin  fuil  is  so  aiiuntcd ;  the  elfcct  of  the  nak«4 
glass  being  groalcr  than  the  one,  and  less  than  the  other. 

2!)!).  The  irorxt  radiators  are  the  btil  ref  fetors,  and  the  bcit  radiatan 
are  Ihe  worst  rtjiectort ;  since  the  arraiiffement  of  particles  tchieh  is  Ji- 
VQurahlefor  radiation  is  unfamurabte for  refection,  and  ticc  versa, 

3(KI.  A  polished  brass  andiron  docs  not  l)ccomo  hot  when  exposed  fnm 
morning  till  night  lo  a  fire,  so  near  that  the  hand  placed  on  ir  is  scorched 
intolerably  in  a  few  seconds.  Fire  places  should  be  constructed  of  n  fbrm 
and  materials  fo  favour  radiation:  Hues,  of  materials  lo  Ihvour  tlic  coib  ' 
ducting  process.  To  preserve  heat  in  air  or  to  refrigemie  in  water,  vosada 
should  be  made  of  bright  metal.  In  the  latter  cnNc,  ilto  hrighinesa  is  ben^. 
ficial,  only  because  the  surface  cannot  be  bright  without  being  clean.  U 
soiled,  its  communication  with  the  liquid  would  be  impl'd^■d. 

301.  Rationale. — Metals  appear  to  consist  nfiiarticles  so  united  withcMdi 
other,  or  with  caloric,  as  lo  leave  no  pores  through  which  radiant  calorie 
can  bo  projecleii.  Ilenn;  the  only  porlion  of  any  metallic  niass  which  can 
yield  up  its  rays  by  radiation  is  the  exu^rnal  stratum. 
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9^L  (Hi  ihc  other  hand,  from  its  porosity,  and  probably  also  from  its  not 
y.'^.'T^'Z  caioric  within  its  pores  tenaciously  as  an  ingredic?nt  in  its  compo- 
i  ^jjL,  j^tcjuI  opposes  but  little  obstruction  to  the  passage  of  that  subtile 
:*r^-v,  i»vn  in  the  radiant  form;  and  hence  its  particles  may  all  bo 
sxL-XJ'-'-j'.y  engaged  in  radiating  any  excess  of  this  principle  with  which 
a  :•-  •  ir.iii y  may  have  cuuscrd  iJicm  to  be  transiently  united,  or  in  re- 
2..-.-  •>  ra\s  emiltcil  by  any  heated  body,  to  the  emanations  from  which 
>  .1 .  Livo  been  exposed.  We  may  account  in  like  manner  for  the 
p  :  '- .  -"-li.:  pi.»wer  of  earthenware  and  wood. 

>  ■ .  V  r  •>-•  ftsimo  reason  that  calorific  rays  cannot  be  projected  from  the 
s-  r  f  1  m^iCal,  they  cannot  enter  it  when  projected  against  it  from 
r-j  .  /.  L'a  ihur  contrary,  they  are  repelled  with  such  force  as  to  be  re- 
^.-•■:  ».  r.yj!  *ny  perceptible  diminution  of  velocity.  Hence  the  superior 
e5  ij- .  .i  mftaJlic  reHcctors. 

■9f^  it  «  >-j.d  seem  as  if  the  calorific  particles  which  are  condensed  bc- 
t%-L  Zrx^j  i.Kihc  rnctal,  repel  any  other  particles  of  their  own  nature  which 
as:  .i:i3.to  towards  the  metallic  superficies,  before  actual  contact  ensues; 
r/h'Ts*-.  cA  account  of  mechanical  imperlection,  easily  discernible  with 
&  I.:  of  1  microscope,  mirrors  could  not  be  as  eflicacious  as  they  are 
ol:*:  -  f  U  ld  o^ncentrating  radiant  heat.  Their  influence,  in  this  respect, 
ft»?^; '.  •  n!sult  from  the  excellence  of  their  general  contour,  and  is  not  pro- 
X'r:.'.^^i>ly  impaired  by  numberless  minute  imperfections. 

Radiation  of  Cold. 

■"tfV>.  \  tl^rrmnmefier  placed  in  the  focus  of  a  mirror  indicates  a  decline  of 
t»rr;#n*j;p%  in  coxbwjuence  of  a  mass  of  ice  or  snow  being  placed  before 
J  JL  "^j».  -iMritiufi  tjccufMed  by  thu  bottle  in  thc^  preceding  figure.  This 
''ui:.^  ■'  •'  i:i.»  r^i'j.i-  lias  licrn  considered  as  (h^monstrdtiiig  the  radiation, 
x:r:  .  _"-«■;■.•;•!%  !>•  inatcrialitv  uf  cold.  For  since  the  transfer  of  heat 
:.  r-i.^*.. .ii  ::L^  £-<-a  adduceii  as  a  proof  of  the  existence  of  a  material 
'^-s-  -*  •!•  .':•.  ;:  i-  a'iojfrd  that  the  transmission  of  cold  by  the  same  pro- 
«»^  y.jn!  r-  }*-  aJjaitted  as  equally  g<xxl  evidence  of  a  material  cause  of 

W^*^.  TTj*   .^  1!  wirjj  is  the  explanation  which  I  give  of  this  phenomenon, 
ap*itri-.\  ',.  :':,«-  OjAnion  that  cold  is  diminished  heat. 

:9C  '.  .    .'Ki-^-  Thrit  caloric  <'\ists  throughout  the  sublunary  creation,  as 

arj  1*  ..-  -«:>  r-.-  h*    :  lo  th*'  earth  by  the  gi-nenil  attraction  of  all  the  matter 

n  ^   *»  .112    .  f'lrt  rr>rnbin«'d  with  bodies  in  profM)rtion  to  their  alTmities  or 

•Ti: -:■■.•':'«  '  :  ',   ar.-l   partly  fn-o.     The  particles  of  the  fre<i  caloric  I  sup- 

\'-^    .!••  -<v.:iy  "■..  «  xert  a  self-niKllent  pf)wcT,  whi^-h  increases  with  its 

^**.:;,.  n-  a  '\."  ca<i»*  of  al*riforin  fluids.     The  n^'pulsive  ])ower  of  caloric 

^j  L  'rr  -i*.  »  (jf  the  quantity,  it  fi^ilows  that  either  a  diminution  or  in- 

OBiw     :'  !•.:  .jr.-ri*'jre  in  any  sjK>t  must  equally  |)nxluce  a  movement  in 

* -r:^- r  '  •'  ;  ir*:**!'- :  in  throne  case   from   the  spot  which  sustains  the 

C^-«^.   II  •>   <.tlKr  towards  it. 

^.  S^::*:'*'.!*^  *h'*  surtareof  a  mirror  to  1)0  subjected  to  the  influence  of 
»<st>  .:i  »:;.'*1»  a  iJiinimition  of  temix.'rature  has  Ixf-n  pnxiuced,  the  rows 
<^^.r:fi:  :.'irti« •'♦.-%  Utwi.-<n  the  mirror  and  the  space  will  move  into  the 
•P*OL  T]>:  prih^val  of  mx;  si't  of  the  calorific  particles  frcjm  the  surfa<'e 
^ ^nrrr^r,  muM  inak«.*  n>oin  for  another  set  to  How  into  the  situations 
'ksi  f«au*-n>:.  'Ill*-  curvatup'  of  tin*  surface  <)f  the  mirror  renders  it  more 
«■**;.  ic  ip^i  particles  to  succud  which  lie  in  the  direction  of  the  focus. 
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Of  the  ObsertcUions  and  Apparatus  of  MeUonu 

309.  By  means  of  a  thermo-electric  pile,  and  a  gnlvanoscope  or  mui 
plier,  of  extreme  delicacy,  Melloni  has  lately  ascertained  some  interest! 
proiKirtics  of  heat-producing  rays,  which  serve  to  show  a  marked  ditlbreiii 
and,  at  the  same  time,  a  great  analogy  between  them  and  the  rays  of  lig 

310.  Let  there  be  provided  three  transparent  plates,  severally  of  ala 
rock  salt,  and  rock  crystal  or  glass,  each  about  an  eighth  or  tenth  of 
inch  thick;  it  will  be  found  that  the  effect  of  the  transmitted  rays  upon  I 
pile,  when  unimpeded,  being  30,  that  which  takes  place  during  the  iofi 
position  of  the  rock  salt,  will  be  28,  during  the  interposition  of  the  ro 
crystal  15  or  16  ;  while  during  the  interposition  of  the  alum  the  cfibct  %i 
only  be  two  or  three. 

311.  The  effect  of  interposing  a  plate  of  smoky  rock  crystal,  will,  mK 
the  same  circumstances,  be  equal  to  14  or  15. 

312.  In  other  words,  out  of  30  parts,  rock  salt  intercepts  two  parta 
the  influence  of  the  radiant  heat;  rock  crystal,  whether  smoky  or  clear, 
torccpts  about  half;  while  alum,  or  glass,  intercepts  nearly  the  whole. 

313.  If,  in  like  manner,  two  pairs  of  plates  be  employed,  one  pair  fbm 
of  a  pane  of  green  glass  (impermeable  to  red  rays,)  and  a  plate  of  alu 
the  other  pair  formed  of  a  pane  of  perfectly  opake  black  glass,  coup! 
with  a  plate  of  rock  salt,  it  will  be  found  that  the  first  mentioned  pair 
terccpts  the  calorific  radiation  entirely,  while  the  other  permits  nearly  oi 
third  as  much  to  pass,  as  when  not  interposed. 

314.  Hence  it  appears,  that  bodies,  quite  permeable  by  light,  may  < 
tiroly  intercept  radiant  heat,  while  others,  impermeable  by  light,  allow  t 
passage  of  radiant  heat.  Melloni  designates  the  former  as  aihermane^  1 
latter  as  diathermane  bodies. 

315.  It  follows  that  permeability  to  heat-producing  rays  is  not  to 
confounded  with  transparency. 

316.  Radiant  heat  has  been  found  by  Melloni  to  vary  in  its  power 
pcrnicaiing  bodies,  according  to  the  source  from  which  it  proceeds,  and  1 
media  through  which  it  may  have  passed.  After  passing  through  nit 
acid,  more  will  pass  through  alum  than  if  received  directly  from  the  sour 

317.  Moreover  certain  media  have,  with  respect  to  calorific  rays,  an 
flucnce  analogous  to  that  which  coloured  media  have  with  respect  to  lig 
in  allowing  some  rays  to  pass,  while  others  are  arrested. 

318.  This  property  of  the  diathermane  bodies,  is  called  diathemnans 
Rock  salt  se(ims  to  be  a  diathermane  body,  devoid  of  diathermansie.  T 
last  mentioned  property  lessens  as  the  l)ody  is  thinner,  and  may,  as  in  1 
case  of  coloured  media,  be  rendered  null  by  un  extreme  tenuity. 

319.  The  non-luminous  calorific  rays  have  been  ascertained  by  Mello 
to  be  susceptible  of  n'fractions  analo<;;ous  to  those  of  light.  When  i 
thermo-electric  pile  is  so  situated  as  that  the  rays  of  heat  cannot  diroc 
reach  it,  by  inter[)osing  a  prism  of  rock  salt,  having  a  refracting  angle 
60^,  the  rays  will  be  made  to  reach  the  pile. 

320.  From  exp<3rimonts  performeti  by  Prof.  Forl)es,  of  Edinburg,  w 
the  aid  of  Melloni's  thermoscops  al)Ove  alluded  to,  it  appears  that  radii 
heat,  unaccompanied  by  light-producing  rays,  is  susceptible  of  polari: 
tion.  Respecting  this  fact,  some  further  mention  will  be  made  in  treat] 
of  the  polarization  of  light. 
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MLIKS  OF  PRODUCING  HEAT.  OR  RENDERING  CALORIC 

SENSIBLE. 

Of  the  Solar  Rays  as  a  Source  of  Heat. 

331.  Of  all  the  natural  sources  of  heat,  the  sun  is  ob- 
fioKty  the  most  prolific. 

322.  The  solar  rays  may  be  collected  into  a  focus  either 
Ijr  tbc  refractiDg  influence  of  glasses  or  the  reflecting 
power  of  mirrors.  They  may  be  converged  by  reflection, 
■  a  mode  analogous  to  that  illustrated  in  the  case  of 
ndiast  heat. 

322.  Hie  glasses  employed  for  concentrating  light  are 
tilled  lenses  from  their  shape,  which  is  that  of  a  double 
cooiex  lens. 

£1.  As  the  intensity  of  the  heat  produced  by  the  solar 
kass  is  ID  proportion  to  the  quantity  of  them  which  may 
k  collected  upon  any  given  spot,  there  appears  to  be  no 
init  to  the  degree  of  heat  producible  by  their  concentra- 
ioa,  excepting  that  arising  from  the  difficulty  of  making 
faises  sufficiently  large  and  free  from  defect,  or  of  associ- 
abiig  mirrors  sidiciently  numerous  and  well  arranged. 

325.  Until  htely,  scarcely  any  occurrence  of  antiquity 
appeared  more  unaccountable  than  the  destruction  of  the 
R'^'fflan  s^hips,  which  Archimedes  is  alleged  to  have  accom- 
pli^bed,  by  concentrating  upon  them  the  rays  of  the  sun. 
Nevmheless,  of  this  wonderful  feat,  Buflbn  seems  to  have 
diacc^Tcred  the  means.    Having  arranged  a  number  of  plane 
mirrors  so  a*  to  concur  in  reflecting  the  solar  image  upon 
lli«  «aiiif-  •jKjt,  he  was  enabled  to  liise  lead  at  a  distance 
of  \io  feet.     This  contrivance  resembles  that  which  Ar- 
cbimedf*  employed,  if  we  may  judge  from  the  accounts 
wikich  ba\e  been  given  of  the  latter.     Previously  to  the 
efoployrnent  of  pure  oxygen  gas,  the  hydro-oxygen  blow- 
pipe, and  \oitaic  electricity,  there  was  no  known  mode  of 
ntallin::  the  heat  produced  by  large  burning-glasses  and 
•irrors. 

Sensible  Heat  evolved  by  Electricity* 

526.  The  power  of  lightning  to  produce  ignition  is  dis* 
plijri  by  the  conflagration  of  ships  and  bams,  in  con- 
MJMce  of  the  ignition  of  cotton,  hay,  or  other  combus- 
»».  The  power  of  the  electric  spark  to  ignite  an  inflam- 
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mable  gaseous  mixture  is  agreeably  illustrated,  by  mesH 

of  the  apparatus  described  in  the  following  article. 


3Z7.  In  order  that  the  interior  of  thii  kppantiu  nuij  be  deeeiibed,  (n*  fif.  b* 
low)  the  «idc  of  the  box,  B,  below  the  reeervair,  R,  ia  luppoaed  to  ba  reoioTed.  Ol 
the  bottoiD  or  the  box  i*  «  eqiure  mataliic  diih  covered  bj  a  etntmn  of  leeliiif  wu 
The  metallic  filela,  D,  ia  lupported  bebiod  by  a  C'***  "^>  cemeDled  to  ■  Kwki 
•oldered  to  >  hmge.  Upon  Ihii  hinge,  like  the  lid  Ma  trunk,  tha  pUta  mofee  rnvlj 
while  eonneeled  with  the  lerer,  L,  by  a  eilken  oord.  The  Ie*«r,  L,  ii  aUaehed  t 
the  ke;  of  the  cock,  C ;  to  Ihst  opeoini;  the  cock  Oanwi  the  plate  to  riae,  aikd  tone 
the  knob,  n,  of  the  inaulated  wire.  Tliii  win  terminalei  jiut  balore  the  oiiSea  c 
the  Ijbe,  t,  proceeding  from  the  cock,  and  aboat  one-eighth  of  an  inch  fhtm  anotba 
wire.  auppoTted  upoo  that  lube. 

3S8.  The  gtoMt  reaervuir,  R,  receive*  into  iti  open  neck,  the  tapering  put  at 

glaaa  veaaei,  V,  which  is  *o  proportioned,  and  fitlwl  to  the  neck  by  griodiog,  ai  I 

make  with  it  an  air-Ught  juncture. 

3SS.  Below  tbia  juncture,  the  veaaei,  V,  convergea,  until  it  aaamnea  the  form  at 

tube,  reaching  nearly  to  tlie  botton  ( 

the  roaervoir.     Around  the  tabe  tba 

ronned,  a  coil  of  nnc  ia  aapportad,! 

«a  to  be  above  iha  orifice  of  the  t^ 

cDHatitnled  aa  aboramentioDad. 

330    If  the  reaerroir  be  anSicieatl 
aupplied  with  diluted   aulphuric  Bcl> 
the  reaction  between  thia  aelveBlaai 
the  line  will  evolve  hydronnga*.  Tl 
gae  Ihua  evolved,  if  not  allawed  lo  • 
cape,  will  force  (he  liquid  which  B 
ncratee  it  through  the  otifice  of  U 
ibe  proceeding   frorn  the  veeecl,   1 
to  Ihe  cavity  of  thia  veeecl,  until  tt 
lantity  of  the  acid  remainiog  belee 
iaiufficieattoreachthetinc.    Whaa 
ever  thia  takes  place,  the  evolutioa* 
hjdr'igcn  caaMi.     Aa  aoon,  hnwetu 
19,  by  opening  the  cock,  any  porlioat 
the  gas  IB  allowed  to  escape,  an  e<|«i 
valciit  bulk  of  acid  dEacendi  into  \k 
reservoir,   and    reacti    with   the    liac 
until,    by   the    furtlier    generation    ( 
aay  have  descended  ahall  again  be  eipelle 
Al  the  name  moment  that,  by  turning  tb 
cock,  C,  a  jet  of  gaii  ia  emitted,  the  plate  of  Ihe  electmphorua  being  lifted  again 
"      '       '      I,  of  the  wire,  an  eleclrical  apark  will  pua  from  the  other  end  of  thi 
It  of  the  wire  aupportcd  by  the  cock,  and  uf  courae  uninaulaled  bv  il 
UoQ  with  the  operator'a  hand.     Conaoqueatly  the  jet  of  hydrogen  «i^[  b 
ignited,  and  will  ligtit  a  candle  Dip<igvd  to  ita  influence. 

XII.  For  a  rationale  of  the  eUctruphorua.  oa  alao  for  other  exempliGcationt  sT  tb 
igniting  power  of  electric  diachargea,  I  refer  to  my  Ireatiao  on  statical  or  mechtliict 
electricity. 

IgTution  by  Galraitiani. 
ic  ^pparatui  for  Lighting  a  Lamp. 


hydrogen,  the  portion 


the  kno 


Cu/rait 

.gfiRure 


t  for  liglitinga  lamp  by  a 


ainpTo  eiplanation  u  whii 

reiiiicd  by  ineana  uf  tlic  handlo  attached  to  it,  ana 
»|i1uced.  no  aa  to  riae  among  llie  galvanic  plali 
By  Ihe  cunaequent  evolution  of  the  galvanic  fluid,  a  platinum  wire,  natened  betwai 
the  braaa  roda  forming  tlio  poica  of  Uic  calorimoliir,  and  projecting  over  the  lamp  i 
•een  at  R,  ia  rendered  while  hot,  and  a  Glameni  of  the  wick,  prevunuty  laid  npooi 
ia  inflamed. 


•"it   •iiiTi     I  -     - 


plongw,  lad  whn  ItfaiHtopw 


31El  Inianf  «f^«ipuiinMtLftrthapiiipaM«f 
■■Juehig  tlH  tmamlBN  «f  eaMhartha  k  mtWm 
faaoBBwiiih  hy  wtfBMy  ■!— ■,  1  onkv  *  «4n  if- 

litid  b7  MiW  BMd*  ft  pHt  ef  ft  nlmnie  VHMrit. 
Be.  orthtqnufttM^wUdthitoUMttaiAot- 


•d,  1  ■hall  hsK  frive  •  dMeripUon  teeomputiad  by  ■ 
tfim,  whtch  will  «aiiT«T  •  fsiMral  id**  of  Uia  eoiv. 
biTmnee,  ^iplieablt  to  •11  eMM  whsra  it  uftj  ba  otad. 
Hannc  tfans  pcepMwd  tba  atadaat,  I  rntuU  in  fatora  ra. 
(ar  to  It  andar  (1m  Mnia  mt  the  baad  of  tUa  Mticla,  in 


matallie  4 
abonld  be  of  iron,  if  in  contact  with  r 
which  olhsTwiia  may  be  of  bna«,  an  mada  la  anlar 
tba  cavity.  If,  aa  in  raneral,  tha  rada  paaa  throngh  a 
matallie  pUla  or  cylindsr,  one  of  them  nay  be  aoTd«r- 
ad  to  the  pUte  or  cylinder.  The  othar  aoat  be  ao  ae- 
carad,  where  it  pftarci  thran^ h  tha  ntaUl,  by  a  collar 
of  leather,  E,  ae  to  inmlato  it  ftom  all  tnatalUo  con- 
tact, and  to  rendar  ibe  apartare  Ibroa^  which  it  en- 


Shtifnaciiaary.    Tha  rada  may  extend  into 
leir  ttmiinitiona  being  appranmated,  more 
■  May  be  deairable.  but  not  brought  in  contact.    To  one  of  thaie  loda, 


diatance,  tn 


■  within  the 
tAw  «■!  of  tta  win  being  aoide 
w^tm  «f  lfa>  iilhai  rod.  To  the  rod  aaenred  by  the  coDar  of  leather,  It  the  tormi- 
taea  Aa  ootaida  of  the  cavity,  a  faUawa  aerew  ii  attached,  by  nwwaa  of  which 
faM*  ImI  or  aanar  rod  maybe  made  ftat  at  one  end,  while  the  other  ia  fkatened 
^•f  4a  piilw  M  a  eotnpetont  calorimotor.  Tn  tha  other  pola  of  the  calorinw- 
" — ^  ''"-''  d  at  one  end,  which  at  the  other  may  be  aacared  by  a  gal- 

d  to  (ha  plate,  or  to  the  projaetinr  HtTeBil*  of  the  ddid- 
_  _    "'    Somalimea  tke  laat  mentioned  rod  ia  Wf  at  liberty,  ao 

b  tB  !•«*  ~-'ban  daaifable,  any  pait  of  tiM  appantoa  havifti  a  metdUe 
-'■^  ininanlatod  rod.    If,  nndar  tbaaa  nreanatftMea,  lb«  «•!•• 

I,  the  wire  will  be  ignitMl. 
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Ignition  by  Collision. 

3<I7.  The  ignition  of  spunk,  tinder,  or  gunpowder,  by  means  of  flint  and 
steel,  comes  under  this  head.  In  the  rotary  match  box,  the  collision  it 
produced  by  a  wheel  thrown  into  rapid  rotation.  An  analogous  apparatnti 
called  a  steel  mill,  had  long  been  employed  to  procure  light  in  mines  infested 
with  light  carburctted  hydroffen,  prior  to  Sir  H.  Davy's  invention  of  tbe 
safety  lamp.  This  gas  explodes  on  coming  into  contact  with  the  flame  oC 
a  lamp  or  candle,  but  is  not  ignited  by  the  scintillations  from  a  steel  mill. 

Heat  produced  by  Percuttion. 

338.  A  rod  of  iron  hammered  with  great  rapidity  by  a  skilful  workman, 
will  become  so  hot  as  to  ignite  a  sulphur  match,  and  phosphorus  may  be 
easily  ignited  in  this  way ;  but  the  same  piece  of  iron  cannot  be  ignited  by 
percussion  more  than  once. 

339.  Coins  grow  hot  when  struck  in  tbe  coining  press,  but,  if  cooled 
during  each  interval  between  the  blows^  are  less  heated  at  each  suocesaifc 
blow.     At  the  same  time  the  density  of  the  mass  is  permanently  ii 


probably  by  the  expulsion  of  the  caloric,  interposed  between  the  metallic 
atoms.  (272.) 

Heat  produced  by  Friction. 

340.  Friction,  as  a  means  of  producing  heat,  dificrs  from  percuarioo; 
since  in  the  case  of  friction,  the  effect  being  confined  to  the  surfaces  of  bo> 
dies,  there  is  no  condensation  of  the  mass  subjected  to  the  process.  Colli- 
sion diflers  both  from  percussion  and  friction ;  for  it  produces  ignition  only 
in  the  minute  portions  of  matter  which  are  struck  off.  The  masses  em- 
ployed are  not  heated. 

341.  It  is  well  known  that  savages  avail  themselves  of  the  firiction  d 
wood  to  produce  fire.  Wood  revolving  in  the  lathe  may  be  carbonixed, 
throughout  the  circle  of  contact,  by  holding  against  it  another  piece  pro- 
perly sharpened.  By  rubbing  one  cork  against  another,  sufficient  heat  ii 
produced  to  ignite  phosphorus. 

Qlau  so  heated  by  the  Friction  of  a  Cord,  as  to  separate  into  two  parts  om  hemg  stA- 

jeUed  to  Cold  Water. 

342.  The  process  for  dividing  a  tube,  which  I  am  about  to  describe,  illustrates  si 
once  tbe  heat  produced  by  friction,  and  the  nonconducting  power  of  ^lass. 

343.  Some  years  aj^o,  Mr  Isaiah  Lukens  showed  me  Uiat  a  small  phial  or  tab« 
might  be  separated  into  two  parts,  if  subjected  to  cold  water,  atter  having  been  htftta^ 
by  the  friction  of  a  cord  made  to  circulate  about  it,  by  two  persons  alternately  pull 
ing  in  opposite  directions.  I  was  subsequently  enabled  to  employ  this  procci  Ibi 
dividing  large  vessels  of  four  or  five  inches  in  diameter;  and  likewise  to  rmider  it  ii 
every  case  more  easy  and  certain,  by  means  of  a  piece  of  plank  forked  like  a  boot 
jack,  as  represented  in  the  following  figure,  and  also  having  a  kerf  or  sUt  cut  by  i 
saw,  parallel  to,  and  nearly  equidistant  from,  the  principal  surfaces  of  the  plank,  anc 
at  right  angles  to  the  incisions  forming  the  fork. 

344.  Hy  means  of  the  fork,  the  glass  is  easily  held  steady  by  the  band  of  one  cpm 
rator.  By  means  of  the  kerf,  the  htring.  while  circulating  about  the  glass,  is  confines 
to  the  part  where  the  separation  is  (iusired  As  t»oon  as  the  cord  smokes,  the  gbw 
is  plunged  into  water,  or  if  too  large  to  be  easily  iiniiicrscd,  the  water  must  be  throvi 
uptin  it.  This  method  is  always  preferaMo  when  the  glans  vessel  is  so  open,  tkat 
on  being  immersed,  the  water  can  reach  the  inner  surface.  As  plunging  is  thi 
most  efioctual  method  of  employing  the  water,  1  usually,  in  the  case  of  a  tu^,  ekii 
the  end  which  is  to  be  sunk  in  the  water,  so  as  to  restrict  the  refrigeration  to  tht 
outside. 


(iaiA^—irtti  ftietioa  b*  •mriinotd  loaf  HMo^,  the  rim,  thoagk  ■TOT 
ie«»rfhMt,tiniiw«i  hwtoJ  thwghootiB  llie  pwt ttont  wfaioh th»  Uo- 
rfM^«fM^itMtbMewipaBded.  Wlul«iBtU«*t*la,b«iwnd4nlT 
Ihvfeodlw^lnw  tbaoatridconlT,  Ike  itnliiin  of  MrtielM  Ihm- 
«MI  «■!»*,  wbO*  that  mtbt  hnift  nnl  linliii  rhillii.  iirnlwaiiw  mi 
-  -■ '-a  11HMU7  (tdloin:  Me  (804,  A«.)     ~ 


■  by  m 


^mttoK  by  AttriticH. 
I  Ain  disk  of  sheet  iron  is  made  to  revolve  njudly  upon 
elm  lathe,  tbe  circumference  be  brought  into  contact  with 
M,  oeat  will  be  ao  copiously  erolved  at  the  place  of  coUinon, 
i  Bwy  he  actually  <livideii  by  (he  successive  ignition  and  abra- 
iMD  of  its  particles.  Tbe  ig&ition  is  coDfined  to  tbe  atoej,  he> 
at,  erolred  in  this  case,  is  too  niuch  divided  upon  tbe  whole 
X  of  tbe  iron,  to  afTect  any  part  materially;  wbereaa,  a  few 
Meri  hning  to  encounter  successively  many  of  iron,  the  beat, 
the  attritioa,  accttmulates  in  the  fonner,  so  as  to  produce  viai> 


7>  TUi  tarn  diflers  from  that  or  pure  colliaion,  since,  although  beat  ia 
■rf  a  Ibe  abraded  particlea,  it  is  also  produced  in  the  mass;  and  it 
iloB  Aai  oT  friction,  since,  although  both  of  the  masses  are  heated, 
Wtttt  heal  k  evolved  in  the  matter  which  is  abraded. 

Heat  produced  by  CombiiuUioit. 

I  Hb  nnioo  of  tin  or  lead  with  platinum  is  productive  of  a  remark- 
■  oftOBperature.     For  tbe  exhibition  of  this  phenomenon,  both 
'n  tbe  state  of  Ibil,  and  the  niorc  Jiuible  metal  rolled  up  in 
ih  ■>  ■•  to  Ibrm  a  acrdi  as  la^  as  can  be  conveiuently  ignited 
|i4f  the  blowmpp.    As  soon  as  the  scroll  reaches  a  red  beat,  it  be- 
I  J  mcandesocnt,  the  union  being  effected  with  an  as- 
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Experimental  Illustration. 
349.  Tin  foil  and  platinum  foil  are  rolled  up  in 
scroll,  the  tin  being  innermost,  and  the  whole  subje 
to  the  flame  of  the  hydro-oxygen  blowpipe,  supplier 
currents  of  hydrogen  gas  and  atmospheric  air.  Almot 
soon  as  the  mass  reddens,  it  becomes  incandescent 
an  energy  almost  explosive.  (250,  dfc.) 

Boiling  Heat  produced  in  Alcohol^  hy  the  Mixture  of  Sulphuric 

with  Water. 

350.  The  evolution  of  calon'c,  produo 
the  mixture  of  liquids,  has  long  been  an 
of  attention  among  chemists.  A  seosib 
crease  of  temperature  arises  from  the  m 
and  consequent  combination  of  alcohol 
water.  When  sulphuric  acid  is  added  to  ' 
an  analogous  result  ensues,  but  the  ris0  oi 
pcrature  is  much  greater.  The  heat,  thus 
rated,  may  be  conveniently  exhibited  by  i 
of  the  apparatus  represented  by  the  adji 
figure,  and  the  process  which  I  am  about 
scribe. 

351.  Into  the  inner  tube  introduce  as 
alcohol,  coloured  to  render  it  more  discei 
as  will  occupy  it  to  the  height  of  three  o 
inches.  Next  pour  water  into  the  outer 
till  it  reaches  about  one-third  as  high  as  i 
quid  contained  in  the  inner  tube;  and  after 
add  to  the  water  about  three  times  its  hn 
concentrated  sulphuric  acid.  The  liquid 
inner  tube  will  soon  boil  violently,  so  as  t 
in  a  foam. 

Solution  the  Means  of  producing  Heai  or  Cold. 

352.  Solution  produces  either  heat  or  cold,  according  to  the  nature 
substance  dissolved  and  of  the  solvent  employed. 

353.  In  absorbing  and  dissolving  gaseous  ammonia  or  chlorohydri 
gas,  the  resulting  liquid  becomes  hot.  Water  becomes  cold  in  dissi 
nitre,  and  still  colder  in  dissolving  nitrate  of  ammonia.  Sulphuric  ac 
comes  at  first  boiling  hot,  and  afterwards  freezing  cold,  by  successive 
tions  of  snow. 

Evolution  of  Caloric  hy  Mechanical  Action  inducing  Chemical  D 

position. 

354.  With  the  view  of  showing  the  necessity  of  distinguishing  hea 
latent  cause  from  sensible  heat,  the  explosion  of  a  fulminating  powd 
percussion  was  exhibited.  This  phenomenon  falls  under  the  defi 
given  at  the  head  of  this  article.  Ignition  produced  in  this  way  has  i 
hren  advantageously  applied  to  fire-arms  and  fowling  pieces.  (30.) 
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daSu  It  seems  probable  that  the  mechanical  force  of  the  blow  causes 
rot  reticles  of  the  compound  to  be  nearer  to  each  other;  in  consequence 
«  i:b:3  an  arrangement  of  the  elements  en^iueS)  inconsistent  with  the  re- 
af  the  lai^  quantity  of  caloric  with  which  they  were  previously 


35qL  The  inflanimation  of  a  friction  match,  appears  to  me  to  arise  in  part 
Kc  ^eat  2^neratcd  by  friction,  and  in  part  from  mechanical  impulse,  in- 
tar^  a  ciK-mical  reaction  between  the  ingredients,  and  exposing  them  to 
ae  1^-.  Matches,  which  take  tire  when  crushed,  owe  this  result  to  the  last 
as::.ci«'':  cause  onlv. 

o.')T.  The  rationale  of  the  chemical  reaction  of  the  ingredients,  will  be 
r-.Q  u&ier  the  heads  of  sulphur,  phosphorus,  and  the  chlorates. 

Htat  froductd  by  Condensation  experimentally  illustrated, 

2^-  Spunk  or  tinder  may  be  ignited,  if  introduced  into  a  condenser  of 
iffrfhate  oonst ruction,  and  the  air  forcibly  condensed  upon  it. 

SftiK.  It  has  already  been  shown  that,  during  its  rarefaction,  air  becomes 

ODcier.  vhik  during  its  condensation  it  becomes  warmer,     it  seems  that 

vbes  ibc  oompressioo  is  carried  very  far,  so  much  caloric  is  liberated  as 

to  caac  ignitioD.  This  result  is  attained  by  means  of  a  small  condenser,  the 

auuciKtioQ  of  which  does  not  diflcr  from  that  which  has  been  described 

(145,  4u:.),  excepting  that  a  cock  for  the  introduction  of  the  spunk  is  sub- 

■uied  ior  tbe  valves.     The  ignition  is  accomplished  by  having  the  piston 

m  Htiaied,  as  that  there  may  be  as  much  air  as  possible  included  by  it, 

asA  tbea  driiiog  it  honx;,  with  a  jerk,  so  as  to  condense  the  air  upon  the 

:c<  \jt'  ignited  with  great  force  and  rapidity.     Sometimes  the  instru- 

made  of  \i\im  without  a  cock,  so  that  the  ignition  may  be  seen;  the 

>T-uo<  >:ri:r  la-^rt*^  into  a  cavity  in  the  end  of  the  piston,  which  must  of 

'T-'^.T*  u-  ui'LiJramn  as  soon  as  the  ignition  is  effected,  in  order  to  make 

a->  .«-"jl  :ipr«!icit/>n  of  the  ignited  spunk. 

•i"'.  I:  ;i:  j'-ir^*  fvitkntly  from  this  phenomenon  that,  in  air,  the  quantity 

■  ca  r.f  ,rj  priijMjrioii  to  the  ponderable  matter  lessens  as  the  density  in- 

fJ'sar'-    <.»r.  n  *»UieT  words,  as  lh<»  space  allotted  to  the  air  is  diminished. 

3^1.  Tti.-  :ij:Vr»nce  would  ap{)ear,  at  first  view,  irreconcilable  with  those 
*\>".r::^  vkii.jh  ci**inonstrate  that,  in  steam,  the  (juantity  of  caloric  is 
i  «i;^  :.-»••:•%  as  the  weitrht  of  water;  but  the  discordancy  disappears 
ur-;.  HT  -  ,r;-:'i'  r  thai  the  heat  of  the  crndensed  air  is  estimated  arfer  the 
^:va;«  :'  ':;•  >•  fi^.ble  Ijcat  liljeratcd  by  the  compression;  while  in  the  case 
■':"  <'\:i;  ::.  -  ;.jnri'-tt  b»j  p<TinitleiJ,  as  a  lo>s  of  sensible  heat  would  be  at- 
t^«c--;  vk  ::.  i  ferial  condensation,  producing  a  proportionate  diminution  of 

V»J.  ir*:-^in.  fnrm^'d  at  the  boiling  point  of  212^,  and  having  no  access 
k  mv^T  .ri  :>.-  .jp-iiii  form,  were  to  be  raised  to  some  higher  temperature, 
w»  ■  r  .ti<.inof,  it  might  b<3  subj<x;t('d  to  compression  without  l)eing  par- 
^  ;.  :  -^'i-.z.'ii :  so  that  the  same  law  would  ap|)ly  to  it  as  to  atmospheric 
t-'.  %ti.-  fi  3>a:i\s  exists  at  a  hcsit  far  alwve  its  boilin^i;  point,  and  has  no 
•  ii.y  'if  i:.-»  own  kind  of  |)ondf'rable  niatler  in  the  li(juid  form. 
>tt.  li\  t.'if  Ujilinj^  jviint  of  air,  I  moan  that  temjKTalurc  below  which 
awmgi  h^f.'in*-  li'^uid.  \V(,'  have,  I  think,  reason  to  infer  that  all  aeriform 
•*/:.d  pn»>e  susceptible  of  liquefaction,  if  our  ability  to  condense 
X  our  power  of  producing  cold  were  unlimited. 
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364.  It  has  been  suggested  (257,  &c),  that  the  caloric- thus  coi 
may  belong  to  the  space,  and  not  to  the  air. 

Experimental  Illustration. 

365.  Spunk  ignited  in  consequence  of  the  compressioi 
of  air,  by  means  of  an  appropriate  condenser. 

Of  Fermentation  as  a  Source  of  HeaU 

366.  It  is  well  known  that  vegetable  substances,  while  undersoing  ta 
mentation,  acquire  a  great  accession  of  heat ;  and  that  green  ^y  is  • 
times  spontaneously  ignited.  The  heat  generated  in  stable  litter  is  employei 
to  sustain  the  temperature  necessary  to  the  corrosion  of  the  metal  in  lb 
manufacture  of  white  lead. 

Of  Vitality  as  a  Source  of  Heat. 

367.  The  temperature  of  warm  blooded  aninMtls  demonstrates  the  povei 
of  animal  life  to  evolve  caloric.  In  no  other  respect  is  chemical  reaction  m 
analogous  to  that  which  takes  place  within  the  domain  of  vitality,  as  ti 
their  common  association  with  beat,  bqth  as  cause  and  effect.  The  oI< 
chemical  law  that  bodies  do  not  act  unless  fluid,  to  which  the  actual 
tions  are  but  few,  shows  how  much  the  processes  of  chemistry  are 
dent  on  the  principle,  without  which  there  could  be  no  fluidity.  The  de 
pendency  of  life  on  temperature  is  self-evident.  Seeds  and  egp  Ue  dot 
mant  until  excited  by  a  due  degree  of  heat. 

Of  the  Means  of  exciting  or  supporting  Heaifor  the  PwfomM  ^f  * 

Chemistry, 

368.  It  is  well  known  that  the  activity  of  fire  is  dependent  on  the  suppi] 
of  air,  as  well  as  on  the  quantity  and  quality  of  the  fuel. 

369.  As  the  air  which  comes  into  contact  with  a  fire  is  nocessarily  mud 
rarefied  by  the  expansive  power  of  heat,  it  has  consequently  a  tcndeoq 
to  ascend  in  a  vertical  current,  giving  place  to  the  colder  and  heavier  as 
in  the  vicinity,  agreeably  to  the  principles  aln?ady  illustrated.  See  (282] 
and  (286).  The  limits  of  this  vertical  current  of  heated  air,  in  the  case  of  I 
smoky  lamp  flame,  are  well  indicated  by  the  fuliginous  particles.  It  may 
howevor,  bo  observed  that  the  influx  of  the  cold  air  takes  place  not  only  oi 
a  level  with  the  flame,  where  it  must  quicken  the  combustion,  but  also  abovi 
the  flame,  where  it  narrows  tho  healed  column  and  retaros  its  progreai 
In  the  Argand  lamp,  a  glass  chimney  defends  the  vertical  current  froa 
lateral  pressure,  until  it  has  attained  a  suflicient  height  to  cause  an  adecjuali 
current  of  air  to  act  upon  the  flame. 

370.  In  conformity  with  the  principle  thus  illustrated  by  this  elegant  anc 
useful  contrivance,  all  air  furnaces  are  constructed.  The  hot  air  and  t» 
pour  proceetling  from  the  fms  being  received  into  a  flue,  or  the  fumaoi 
being  tall  enough  of  itself  to  protect  the  ascending  current,  all  the  air  whid 
flows  in  to  take  its  place  is  made  to  pass  throujrh  the  fuel. 

371.  It  would  not  be  expedient  to  take  up  the  time  of  the  student  with  a 
detailed  explanation  of  the  various  furnaces  used  by  chemists.  Some  d 
them  will  be  introduced  in  subsequent  illustrations,  as  associated  with 
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,  m  which  their  utility  and  the  method  of  using  them  will  be 


Experimental  Illustration. 

J72.  An  Argand  lamp  shown  and  explained. 
iistod  lamp  with  concentric  wicks. 


Also  an 


Qf  the  Bellows,  and  of  Forge  Fires. 

373.  'Hifc  bellows  is  so  universally  1u:own  as  the  moans  of  exciting  com- 
ivioo  empkjyed  by  smiths,  as  to  render  it  scarcely  necessary  to  mention 
Ae  &>r^  fire  ss  among  the  most  efficient  and  convenient  methods  of  pro- 
beat  ior  the  purposes  of  chemistry.  The  supply  of  air  is,  in  this 
jidded  by  an  operation  analogous  to  that  of  the  condenser.  (148,  &c.) 
In  tiie  double  bellows,  the  additional  compartment  performs  a  part^ 
ifi  «9^izing  ihe  efflux,  equivalent  to  that  of  the  air  vessel  in  the  case  of 
tht  iixing  pump,  the  valves  operating  in  the  same  way.  (143.) 

Lamp  without  Flame* 

975.  About  the  wick  of  a  spirit  lamp,  a  fine  wire  of 
platiDum  is  coiled,  so  as  to  leave  a  spiral  interstice  be- 
tween the  spiral  formed  by  the  wire;  a  few  turns  of  which 
should  rise  above  the  wick.  If  aOcr  lighting  a  lamp  thus 
OQOstructed,  the  flame  be  extinguished  by  a  gentle  blast, 
or  the  transient  application  of  an  extinguisher,  the  wire 
will  be  found  to  remain  red  hot  ,*  as  it  retains  sufficient 
heat  to  support  the  combustion  of  the  alcoholic  vapour, 
ahhough  the  temperature  is  inadequate  to  produce  inflam- 
mation. 


yr<L  Ratiomale. — ^The  metallic  coil  appears  to  serve  as  a  n.»scrvoir  for 
thp  caiorw',  and  gives  to  the  combustion  a  stability,  of  which  it  would  other- 
»ir  bt  d»*f>:ienl.  There  is  sonic  analogy  between  the  operation  of  the 
w!p^  iL  Ktimj  as  a  reservoir  of  heat  in  this  chemical  process,  and  that 
',/  a  fty  vbeel  as  a  reservoir  of  momentum  in  equalizing  the  motion  of 


Of  the  Mouth  Blowpipe* 


7.  As  a  fire  is  quickenal  by  a  blast  from  a  bellows,  so  a  flanw;  may 
'  \i\  a  stream  of  air  prf)i>ellc(l  througli  it  from  the  blowpipe.^  The 
known  by  this  name,  is  bore  represented  in  one  of  its  l)esl  forms, 
k  » f^oepubh.-  of  various  other  constructions;  all  that  is  essential  being  a 
nttf  «BBe  at  on^r  end  suitable  to  be  rcccive<l  into  the  mouth,  and  to- 
^  *  '    other  end  having  a  liond  nearly  rectangular,  beyond  which  the 

to  a  perforation,  rather  too  small  for  the  admission  of  a 
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oommon  pin-     There  is  usually,  however,  an  enlargement,  as  repmc 
in  this  figure,  to  collect  the  condensed  moisture  of  the  breath. 

■378.  The  mouth  blowpipe  is  of  greut  service  in  assaying  minute 
tions  of  matter,  bo  as  to  form  a  gCDcral  idea  of  their  nature.  The 
brated  Berzelius,  who  has  written  an  octavo  volume  on  (he  subject  of  th 
strumeut,  informs  ub  that  by  means  of  il  Gahn  discovered  tin  in  a  mill 
in  which  it  had  not  been  detected  by  analysis,  although  existing  only  t 
proportion  of  one  per  cent:  also  thai  he  had  ollcn  seen  him  extract  a 
bule  of  metallic  copper  from  the  ashes  of  a  quarter  of  a  sheet  of  p 
The  utility  of  the  mouth  blowpipe  will  be  manifested  in  several  futon  i 
mtioQS. 

Of  fht  Enafiuller't  Lamp. 

379.  A  lamp,  so  made  as  to  be  excited  by  a  jet  of  air  from  a  atatia 
blowpipe,  supplied  by  a  double  bellows,  gasometer  or  gas-bolder,  ii  enq 
ed  much  by  chemists  and  artists  for  bending  glass  tubes,  or  heating  ihei 
as  to  blow,  on  them,  bulbs  for  thermometers.  Such  lamps  having  been 
ginully  used  by  enamellers,  are  designated  accordingly. 


I.  In  til 


Of  tie  Hydro-Ozygen  or  Compotaui  BUnrpipt. 
I80J,  by  the  invenlion  of  the  hydro-oiygen 


BDablwt  to  fb) 


^_^  . ,  ,  mccount  the  following  j 

Tsni  of  tho  pure  euthi  whtcb  had  prsiiouily  been  Jflemsa  ininaiDie  ;  UM  UKi 
not  ddI/  lo  fuH,  but  to  volatiliie  pure  platinum.  Subiequently,  mj  frienJ  Pnl 
Billiinui,  by  a  more  eilended  uis  of  the  inBtrument,  fused  a  neat  nuater  of 
(tanceii  insiueeptible  of  fuaion  by  the  common  blowpipe.  My  memoir  wma  n 
liabed  id  London,  In  Tilloch's  Magujna  ;  dao  at  rarit,  in  the  Annalea  da  Chi 
and  was  noticed  by  Murray  in  hia  (realise  of  cheniisUy,  and  by  Dr.  Bope,  b 
lecturea;  yet,  when  a  modification  of  the  hydro-oxy^n  blowpipe  waaoaatri** 
Mr.  Brooke,  Di.  Clarke,  b^  meana  of  thie  modiRcation,  repealed  my  •Spain 
and  thine  of  PmfeHor  Silliman,  wilhout  an^  other  notice  o" 
auch  aa  were  calculated  to  convey  erroneous  impTeiaiooB. 


Engraciag  and  DacrijMi 


ipTorr-d  Compoutid  Blampipi  aiu(  Ul  tfpimii 


3S1.  The  following  figure  repreacnls  a  Ronipouiid  blowpipe  which  I  contriTad 
eiecuted  oiyaelf  in  the  year  \iiV3;  but,  fearing  it  might  be  deenwd  tuuaoMi 


or 

iTH.    EiMriMM bM ibora Ihtl the 

H  iBoraAfBeall  toimtkintiMiiai. 

whilt  Ht  poli  «ra  ptoaUarij  nw- 

'Wl,  wdk  a  TtrtiMl  ptrlbntioii,  Iwminrtiiiy  in  a  Mia  Miaw 

*'    Draw  Mow.    AaoUiar  fiarfiwation,  at  fifht  aoglta  to  thlt, 

witli  tba  tuba  L  whiah  anteia  tiia  ball  al  ri^ht  uy  1m.    A 

I  ball  aaj  ba  tmmrw%d  abore,  witb  ptrfinatiotta  amilv  to 

ban,  luid  a  taba,  ia  fika  mtnnery  antarinf  it  latiraU/.    Thk  baO 

li  acraw  biloir  m  vafl  m  above.    Tba  thnad  af  the  lawar  eeiair 

lia,  wbila  Ibat  afthe  ■eiav  of  tbe  br^  bdl,  wbieb  eaten  tba 

■ved  to  tba  rifbt.   Haaaa  tbe  Mine  laotion  caaeee  tbe  aiele  eeiawa 

b^ar  aaoada  fiaei  aaen  otbv,  aad  thoa  detenainae  tba  degrta  ef  eomuiae' 

b  whkb  ia  pkeed  batwaaa  tbem  in  tba  not.  At  8,  above  tba  ball, 

be  obeenrad,  aritb  a  wined  bead.   Tbii  b  cooaaated  witb  a  aoMUl 

I  tliroagb  tba  eorb  in  tba  Bat,N,a]id  laaebea  aaailf  to  tbe  ejrtamal 

ieh  tba  flanw  ia  lapraaaatod  aa  piaaaading.    Tbw  toba  la  lor  tba 

bat  at  ita  lower  and  taraunatae  in  a  tabe  af  ahtitinia.    It  oom- 

witb  tba  eavitf  of  tba  opaar  ball^  m  b  praranted  bj 


_  witb  tiie  aavity  ia  tba  otber  baU.    Hence  It  reaaii 
I  May  bo  daliyered  into  tbe  appar  ball  from  tba  htaial  pipe  wiricb  an. 
Booa  of  tba  gaa  wbich  may  eatar  the  lawar  ball«  B. 
_ow  of  tbe  bUer,  a  oerfoffiiad  avlindar  af  braaa,  <:,  witb  a 
T,  m  fitted.    Tbe  aartorataon  in  tbb  oybadar  forma  a  eooti. 
baB,  bat  nanawa  below,  and  enda  in  a  anmfl  boUaw  a/Uadar 
fim  tba  external  orifiaa  of  tba  blowaipe,  a. 
»  aaa,  aia  to  baeo,  in  tbe  ana  of  tbe  larger  ball,  tba  tabe  wbieb 
tba  cavitf  or  the  amaller  ball.    Tbe  intarmediato  nnt,  bjr 
^o  tbe  ean  wbieb  anrrovnda  it,  prevento  any  eoaunoniea. 
in  the  two  balla.    By  tba  aerew,  8,  in  tbe  Tertaz,  the  ori- 
■aj  be  adjnatad  to  a  pfc^per  diataaea  ftom  the  azternal  ori* 
tiffiadert.  and  aa  maay  cenbal  tnbaa  witb  pbtintun  orifieaa  of 
a  BroTided,ao  that  tba  flame  might  be  varied  in  aiia,  agreeably 
Kiisnaar. 

Avo  alwafe  learned  it  beat  to  traaamit  tbe  oxjfen  gaa  throagb  tbe  tabe  in 
iBce  two  vilanea  of  the  hydrogen  being  reqaired  for  one  volnme  of  ozj^- 
largar  tnbe  eaght  to  be  need  for  the  former ;  and  the  jet  of  hydrogen  ia 
twaan  a  Jet  af  oxygen  within  it,  and  the  atmoepheric  air  withoaL 
ider  tbe  tabb  b  a  gallowa,  G,  with  a  icrew  for  attaching  a  pipe,  leading 
f  rrrahting  merroir  of  jiydrogen. 

oroer  to  pot  thifl  apparAtus  into  operation,  it  is  affixed  to  a  table,  aa  repre- 
the  igore,  or  to  a  amaller  stand,  and  secured  to  the  side  of  the  hydro- 
t  eblam,  so  as  to  be  conveniently  situated  for  receiving  the  oxysen  from  a 
I,  tbroogbtba  pipe,  P,  and  the  hydrogen  throngh  a  pipe  attached  at  G. 
artber  pipe,  proceeding  from  a  reeervoir  of  hydrogen  gaa,  b  attached,  by 
r%i  ecrew  aad  gallows,  G,  to  one  of  the  tobea  communicating  arith  the 

mvity  if  tbe  hydrostatic  blowpipe  may  be  aupplied,  either  with  oxygen, 

^  air.    In  eitber  case,  in  order  to  have  the  inatrnment  in  faU  operation, 

to  open  the  cocks  duly,  and  inflame  tbe  hydrogen. 

*Qced,  in  this  way,  by  the  combuation  of  hydrogen  with  atmoa- 

it  to  fbse  pUtinnm;  and  when  oxygen  gaa  b  employed,  that 

,Biay  be  volatilized.    Tbe  facility  witn  which  the  hydro-oxygen 

atod  by  pore  oxygen  or  common  air  merely,  may  be  made  to  act, 

t  diraetioB,  rendera  it  peculiarly  aervioeafale  m  many  operationa;  ita 

b  a  great  recommendi^on. 

,  and^ Dmudl's mid MMtf^^mis BUwp^,  so  adUd 
errameoudy. 

aaid  in  aoma  of  the  Britbh  newapanera,  of  the  application  in 

Babt  reflected  by  lime,  when  subjected  to  tbe  flame  of  the  com- 

"^  b  treated  as  a  new  invention,  although  in  my  original  Me. 

year  1H02, 1  apoke  of  the  light  eo  created  aa  intoleraBle  to  the 

_r  obwr ration  will  be  found  in  the  deacription  given  by  my 

!■       of  the  phenoasenon  in  fjoaation*    It  Ibllowa  that  the 

anlj  .ay  claim  to  a  asw  app/iealiaa  of  a  previona  diacovery. 
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392.  In  my  ori^nal  memoir  on  the  hydro-oxygen  blowpipe,  I  deicribed  and  repi 
tented  by  engrayings  two  methods  of  causing  the  currents  of  the  two  gases  employe 
to  meet.  Agreeably  to  one  of  these,  two  perforations  wore  made  to  unite  and  form  on 
at  about  the  tenth  of  an  inch  from  the  external  orifice,  so  as  that  a  section  of  the  t 
gre^te  would  resemble  in  shape  the  letters  XY.  A^ceably  to  the  other  method, 
smaller  tube  was  made  to  enter  and  to  be  concentric  with  u  larger  one,  the  latt 
being  a  little  longrer,  so  as  that  at  a  little  distance  from  its  end,  the  orifice  of  tl 
former  terminated.  The  oxygen  being  supplied  through  the  inner  tube,  and  the  h 
drogen  through  the  outer  one,  the  admixture  of  the  oxygen  with  the  hydrogen,  toi 
place  within  the  bore  of  the  external  tube,  at  a  small  distance  from  its  orifice. 

393.  Not  being  enabled  to  procure  any  platina  at  the  time,  I  could  not  constmd 
blowpipe,  of  the  last  mentioned  kind,  sufficiently  refractory ;  but  about  the  ▼• 
1815, 1  constructed  the  compound  blowpipe  above  described,  and  exhibited  it  to  Pi 
fessor  Silliman,  who  mentioned  this  fact  in  a  letter  written  within  a  year  aflerwan 
From  the  time  that  I  was  elected  Professor  of  Chemistry  in  1818, 1  have  emplo/i 
this  form  of  the  instrument,  of  which  an  engraving  and  description  was  giren  in  H 
Franklin  Journal  (Vol.  1, 1826,  p.  195  J  of  a  simpler  instrument  upon  the  tama  pri 
ciple,  an  engraving  and  description  of  which  will  be  found  in  SiUii^an*!  Joumu  I 
ISZSi.  Yet  both  Professor  Daniell  and  Mr.  Maugham,  resorted  to  anakfoos  eo 
trivances.  The  former  has  been  called  Daniell's Tiydro-oxygen  blowpipe,  the  otii 
also  is  distinguished  by  the  name  of  its  contriver.  It  differs  from  mine  Msenliall 
only  in  being  recurved  into  an  acute  angle,  so  as  to  throw  the  flame  on  a  cylinder 
lime,  for  the  purpose  of  illumination.  In  order  to  accomplish  the  same  object,  i  li 
only  to  direct  mine  obliquely  upwards,  instead  of  resorting  to  a  direction  deTiatini 
little  from  the  perpendicular,  as  is  usually  preferable.  It  is  surprising  that  vum 
these  circumstances,  Maugham  should  have  received  a  premium  for  the  instnune: 
which  he  had  thus  modified,  without  any  reference  to  the  original  inventor. 

Improved  Process  for  the  Fusion  of  Platinum. 

394.  Latterly  by  multiplying  tiie  jets,  and  using  great  pressure,  I  have  been  en 
bled  to  fuse  more  than  two  pounds  troy,  of  platinum,  into  a  malleable  mass.  Tl 
method  which  I  employed,  was  the  same  essentially  as  that  described  in  Silliman 
Journal,  as  abovementioncd.  The  gases  are  made  to  mingle  in  a  conunon  cavit] 
and  afterwards  to  supply  jet  tubes  of  about  the  usual  size  of  those  employed  m 
blowpipes;  these  are  to  be  made  more  or  less  numerous,  in  proportion  to  the  quaolit; 
of  metal  to  be  fused.  The  great  desideratum  is  to  have  the  pressure  on  the  gmi 
sufficiently  great,  and  at  the  same  time  perfectly  steady. 

MEANS  OF  PRODUCING  COLD,  OR  RENDERING  CALORIC  LATENT 

Cold  by  Vaporization. 

395.  The  cold  produced  by  evaporation  has  been  illus 
tratcd  by  an  experiment  in  which  a  jet  of  ether,  co-operat 
ing  with  a  blast,  was  productive  of  the  congelation  of  wa 
ter.  Pure  prussic  acid  will  enable  me  hereafter  to  cxhibi 
a  phenomenon  still  more  surprising;  I  mean  that  of  tb 
freezing  of  one  portion  of  a  liquid,  by  the  vaporization  c 
another  portion.  I  shall  now  proceed  to  show  that  th 
freezing  of  water  may  be  caused  by  the  ebullition  of  ethei 

Water  Frozen  by  Bailing  Ether. 

396.  Let  a  portion  of  water,  just  adequate  to  rover  the  bottom,  b(»  ii 
trodua'd  into  the  vessj('l  represented  in  the  following  engraving,  as  su 
pendc^d  within  a  n^ceiver.  Over  the  water  let  ether  \)Q  added,  in  qu&i 
tity  suflicient  to  furm  a  stratum  from  an  eiglith  to  a  cjuarter  of  an  ioc 
in  d(»pth.  If,  under  the.^^  eircunistances,  tho  receiver  be  placed  on  the  ail 
pump  plate,  and  sufficiently  exhausted,  the  water  freezes,  while  the  ethc 
boils. 


3ffl.  Rationale. — The  freezing  of  the  water  in 
ccmlact  with  the  boiling  ether,  is  in  consequence  of 
(hat  increased  capnciiy  to  combine  with  caloric 
olrrady  explained.  (1B6.)  Under  these  circum- 
stances, the  boiling  point  of  the  other  is  de- 
ptr»sed  below  the  I'rcezing  point  of  water;  and 
consFittimtly  it  causes  the  congelation  of  that  li- 
quid tVi.im  the  same  cnuse,  (h&t  melted  tin  or  lead 
will  congeal  under  boiling  water. 


Engraving  and  Detfriptioit  of  an  Apparatus  and 
I'roeesifor  the  rajnd  Congelation  of  Water, 
by  Ike  explotive  £roIutton  of  Ethereal  Vapour 
eoiueqvenl  to  the  combined  tn/twence  of  Rare- 
faction, and  the  abtorbing  poaer  of  Sulphuric 
Acid* 


**.  TV   rrf.rt   A.  coiitnins  n  small  [lorlion  of  wi 
Km  ..fl._\.lr«-  >iili.liiiri.- i-tJHT.     Tlicr  vfssol  R,  hoi. 
^  tir:i  r,(  atf/i}  two  iiiclws  deep,  at  I 
'ksdeofihi.s  vessel,  ilio  beak  of  ihc  n' 


.■ered  by  a 

...._lum  of  sul- 

■pest  ]inri.     Into  a  lubulnre 

ground  to  fit  nir-lighl,  and 


*%teBhrraliti 
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is  made  to  leodTe  one  end  of  a  recurved  tube,  of  which  (he  other 
flcendfl  about  half  an  inch  below  the  surface  of  the  acid.  There  i: 
cury  bottle,  C,  of  which  the  mouth  is  well  closed,  and  which  is  furoisi 
two  cocks,  one  of  which  communicates  with  (he  air  pump,  the  otl 
the  vessel,  B.  The  mode  ofopcratiRg  is  as  follows:  the  bottle  is  pr 
exhausted,  and  kept  in  a  state  of  exhaustion  by  closing  both  of  ib 
the  pump  being  put  into  operation  and  the  cocks  opened  simulianco 
power  of  (he  acid  to  absorb  the  vapour,  co-operating  wilh  that  ol 
cuum  and  the  pump  in  exhausting  the  air  and  vapour  from  the  retor 
an  explosive  vaporization  of  the  ether,  and  a  consequent  rapid  cot 
of  the  water. 

Congelation  of  Water  in  an  exkatuttd  Receiver  hy  the  aid  of  St 
Acid. 

399.  Id  the  experiment  above  illustrated,  water  is  frozeD  by  tl 
abstraction  of  caloric,  conaequeot  to  the  copious  vaporization  of  ^b 
unrestrained  by  atmospheric  pressure.  In  vacuo,  water  undergoes 
rization,  anal<^ous  to  (hat  of  the  eiher  in  the  preceding  experiment; 
aqueous  vapour  evolved  in  (his  case  is  so  rare,  (hat  it  cannot  act 
the  aif'pump  valves  with  sufficient  force,  to  allow  of  its  being  pumpc 
a  receiver  with  the  rapidity  requisite  to  produce  congelation.  IIowi 
(he  process  which  I  ai 
to  deacribe,  water  r 
frozen  by  its  own  vapoi 
400.  A  thin  dish,  < 
of  glass,  covered  t^ 
quantity  of  water,  and 
over  some  concentral 
phuric  acid  in  a  broac 
is  placed  within  a  i 
on  the  air-pump  plate^ 
presented  in  the  anne: 
I  graving.  Under  these 
'  stances,  the  exhaustion 
3iver  causes  the  con 
of  (he  water. 

401.  RationaJe. — So  long  as  there  is  no  diminution  of  the  thin  : 
vapour  which,  in  the  absence  of  the  air,  occupies  the  caviiy  of  the  r 
the  elastic  reaction  of  (hat  vapour  prevents  the  production  of  more 
but  when,  as  in  the  case  in  point,  (he  vapour  is  largely  in  couta'^t  v 
phuric  acid  and  consequently  rapidly  absorbed,  a  corresponding  vi 
tion  of  the  water  takes  place  (o  supply  the  deficiency  thus  createc 
caloric  requisite  for  the  generation  of  ihc  vapour  thus  formed,  is  (ak 
the  residual  liquid,  which  finally  freezes  in  consequence.  (329.) 

Improved  ApparatuM  for  freezing  Water  by  the  aid  of  Sulphuric 

402.  Finding  the  experiment,  for  which  the  apparatus  represontei 
preceding  figure  is  usually  employed,  liable  to  fail  from  (be  imp<>rl< 
cocks,  dependent  for  their  efficacy  on  a  metallic  joint,  I  contrived  tl 
ratus  which  the  opposite  engraving  is  intended  to  represent,  and 
shall  proceed  to  describe.     A  brass  cover  is  so  well  filled  to  (he  r 


Salflatne  Acid. 
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1^  jv  as  to  be  q  -tight.    In  open&igf  the  bottom  of  the  jar 

mued  vith  auipnunc  luau,  and  another  jar  with  feet,  also  supplied 
od  eMQgh  lo  make  a  stratum  half  an  inch  deep  on  the  boUom,  is  in- 
d  as  repreaeoted.  The  bottom  of  the  Tesiel  last  mentioned,  is,  by 
•f  the  feet,  kept  at  such  a  height  above  the  surface  of  the  add  in  tlie 
IT,  as  aoC  to  touch  it.  Upon  the  surface  of  the  ^jlass  vessd,  a  small 
Tverj  thin  sheet  brass  is  placed,  made  concaTO  m  the  middle,  so  as 
a  mall  quantity  of  water.  The  brass  covar  is  furnished  with  three 
x>da,oDe  ootnmunicating  with  the  air-pump,  another  with  a  barome- 
ige^  ttd  tbe  third  with  a  funnel  supplied  with  water. 
.  Wsh  tbe  apparatus  thus  arranged,  having  made  a  valsuum  on  a 
lay,  1  was  enat>ied  to  freeae  water  situated  on  the  plate,  and  to  keep 
t  ooBgdatbn  till  the  Thursday  following.  As  water  in  the  state  of 
ruorates  probably  as  fast  as  when  liquid,  the  whole  quantity  frozen 
I  hsye  entirely  disappeared  during  the  ni^^t,  but  for  the  assistance  of 
dbaitt  vkrni  I  engaged  to  supply  water  at  intervals.  At  a  maximum 
fOK  the  mass  of  ice  was  at  times  about  two  inches  square,  and  from 
i»r  to  a  half  an  ioch  thick.  The  gradual  introduction  of  the  water, 
i  of  the  funnel  and  valve  cock,  and  of  the  pipe  represented  in  the 
I,  by  which  it  was  conducted  to  the  cavity  in  the  Aoot  brass,  enabled 
I  sccumolate  a  much  larger  masB  than  I  could  have  otherwise  pro- 
L  Tbe  brass  band  which  embraces  tbe  inner  jar  near  the  brim,  with 
taa  strips  prooeeding  from  it,  serves  to  keep  this  jar  in  a  proper  posi- 
itt  is,  eoooedtric  with  the  outer  jar. 

^  b  tha  expefioient,  I  employed  an  air-pump  upon  a  new  constmc- 
vlieh  I  oontriied  a  few  years  ago,  and  of  which  a  description  will  be 
satfae  Appendfak 

^  Con^HeiatioD,a8  effected  in  the  experiments  above  described,  may  be 
n^hed  by  the  aid  of  any  substance  having  a  very  strong  affinity  for 
!t,a  for  instance  chloride  of  calcium,  clay,  or  whinstone,  after  having 
)  mden^  anhjdrous  by  i^ition.  Even  parched  meal  or  flour  has 
I  aoocssfolly  employed  in  the  process. 

Cfthe  Freezing  of  Mercury  by  ike  VaparizaHon  of  Ice. 

IM.  If  a  pear-«faaped  mass  of  ice  containing  the  metal  be  suspended 
!r  t  'at|P  iturfaoe  of  sulphuric  acid,  and  a  good  exhaustion  obtained,  it 
EI  fnexthc-  quick&lver  which  may  be  kept  solid  for  several  hours. 


? 
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Wolhuton^s  Cryopkorus. 

407.  The  adjoining  figure  represents  the  cryophorus,  or 
frost  bearer,  an  instrument  invented  by  the  celebrated  Wollas- 
too,  in  which  congelation  is  produced  in  one  cavity  by  rapid 
eondensatioo  in  another,  consequent  to  refrigeration. 

Ai^  In  form,  this  instrument  obviously  difiers  but  little 
from  tbe  palm  gla9s,-al ready  described.  f21d,dcc.)  It  is  supplied 
by  the  same  process  with  a  small  portion  of  water  instead  of 
alcohol;  so  that  there  is  nothing  inchided  in  it  but  water, 
either  liquid  or  in  vapour. 

400.  The  cryophorus  being  thus  made,  if  all  the  water  be 
allowed  to  run  into  the  bulb  near  the  bent  part  of  the  tube, 
and  the  other  bulb  be  immersed  in  a  freezing  mixture,  the 
water  will  be  frozen  in  a  few  minutes. 
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410.  Ratumale. — There  is  no  difference  between  the  causes  oflhi 
□omenon  and  those  by  which  the  congelatioD  of  water  in  vacuo  is  c 
by  the  aid  of  sulphuric  acid;  excepting  that  in  the  one  case  the  at 
vapour  is  absorbed  by  ihe  acid,  in  [he  other  condensed  by  the  coli 
cither  instance  it  is  rapidly  removed,  and  a  proporlionably  rapid  va[ 
lion  of  the  water  enstiea,  abstracting  the  caloric  or  Buidily  from  the  n 
portion. 

Largt  Cryopkonu. 

_  r>y 

^7 

411.  This  figure  represents  a  very  large  cryophorus,  the  hlowi 
which  I  superintended,  and  by  means  of  which  1  have  sucuessHiUy  r^ 
Wollaston's  experiment. 

412.  This  instrument  was  about  four  Teet  long,  with  bulbs  oi  aboi 
inches  in  diaoKler. 

ISodtfieatUm  oflht  Cryopkortit. 

413.  Two  flasks,  of  which  the  necks  have  flanged  orifices,  are  n  sc 
in  a  wooden  frame  that,  by  the  pressure  of  screws,  S  S,  and  gum  i 
disks,  the  orifices  of  a  tube  arc  made  to  form  with  them  severollj,  al 
junctures.  The  orifices  of  the  tube  are  furnished  with  brass  fiaoges, 
correspond  with  thoae  terminating  the  necks  of  the  flasks. 


O 


414.  Midway  between  the  junctures  n  female  screw  is  soldered 
tube  for  the  insertion  of  a  valve  cock  V,  by  means  of  which,  nnd  a  fi 
lube  extending  to  an  air-pump,  the  fiasks  may  l>c  exhausted,  utci 
cloned.  A  small  quantity  of  water  having  been  ])reviously  introdaoc 
one  of  them,  if,  while  the  exhaustion  is  sust.tinod,  the  other  flask  be  n 
rated  by  ice  and  salt,  the  water  will  be  frozon. 

415.  This  npparatus  mav  be  applied  to  ihf  purjwso  of  desiccati' 
placing  Iho  article  to  be  dried  in  one  receptiicle,  and  <|ULcklinH.',  chio 
calcium,  or  concentrated  sulphuric  iicid  in  iho  other.  The  orifkre 
receptacles  may  be  made  larger  without  inconvenience.  Two  large 
dera,  for  instance,  may  be  used. 
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imbn,  although  moie  frequently  the  cause  of  increased 
|Btoic^  u  in  may  cases  productive  of  the  opposite  efiect. 
ft  Thoe  are  km  instances  of  chemical  union,  which  are  not  accom- 
rilyt  change  of  capacity.  Of  the  cause  of  such  changes,  we  are 
y^Donnt,  m  of  course  have  no  more  reason  to  wonder  when,  hy  an 
fiaa  of  caloric,  cold  is  the  consequence  of  chemical  reaction,  than 
fky  as  eroliaion  of  caloric,  heat  arises  from  the  same  source. 
i  In  tk  case  of  the  solution  of  snow  in  concentrated  sulphuric  addt 
Iv  adteed,  we  find  these  opposite  efiects  resulting  apparently  from  the 
cause.  Under  the  same  hneiid  of  sdution,  as  a  cause  of  heat  or  cold,  it 
eocioad  dbt  nitre  aqjd  nitrate  of  ammonia  produce  cold  during  their  so- 
»  This  iiequally  true  in  the  case  of  many  other  salts*  But  the  most 
UBicaa  of  artificial  cold,  is  the  solution  of  ice,  in  consequence  of  the 

■  bet—a  it  and  the  more  deliquescent  salts,  or  the  mineral  adds* 

i  If  msy  he  inferred,  from  the  statements  already  made,  that  the 
■are  of  freeziog  water,  or  melting  ice,  is  82^;  and  that  when  ice  is 
■dod  by  other  bodies  at  a  higher  temperature,  it  will  continue  to  ah- 
fcom  them  the  caloric  necessmry  to  its  fusion,  until  it  he  all  liquefied. 
I  be  efideot  that  the  minimum  tonperature  which 'can  be  thus  attain- 
K^.  But  by  oingling  ioe  in  a  divided  state,  with  certain  salts  or 
kviBga  great  affinity  tor  water,  and  which  fimn  with  it  compounds 
A  tbefieeringpoint  is  lower  than  32^,  the  mass  will  abstract  caloric 
l^uum  ho&m  in  a  mode  quite  analogous  to  that  in  which  ice  has 
imd  Is  opeiate;  while  the  minimum  temperature  attainable  is  as 
loser  as  tbe  fieezing  pomt  is  lower.  Thus  the  freenng  point  of  salt 
■oar  is  about  kto  of  Fahrenheit's  scale;  consequently  on  minglii^ 
iA  mow,  the  fiqucfaction  of  the  resulting  mass  will  proceed,  at  any 
■brc  above  aero,  to  abstract  caloric  from  all  adjoining  bodies  until 
K  a.^  cold  as  the  mixture.  By  the  addition  of  crystallized  chloride 
ism.  or  of  diluted  nitric  or  sulphuric  acid,  to  snow,  a  compound  may 
»dt  of  which  the  fmezing  point  is  below  that  at  which  mercury 
.  or — 39**.  Housekeepers  have  latterly  availed  themselves  of  the 
«  of  all,  to  remove  ice  from  the  marble  steps  at  the  entrance  of 
vfmg^ ;  as  in  this  way  it  may  it  may  be  detached  without  injury  to 

Ifbift. 

Table  of  Freezing  Mixtureg. 

>  Tbe  ^*J  loving  tables  arc  taken  from  Thomson's  Outline  of  the 

■  ofHtfit  and  Electricity,  page  191. 

Frigorifie  Mixtures  wttkout  Ice. 


;id 


Thermometer  •inki, 


From  -f  50°  to  -f  40. 

From  4-  500  to  —  70. 

From  -f  509  to  —  12°. 

From  -f  500  to  —  210. 

From  -f  50°  to  0^. 
From  +  50<5  to  +  3^ 


Degree  of 
cold  pro' 
daced. 

46 


57 


G2 


71 


50 
47 


) 


« 
s 

K. 

i 
f 


i 
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Frigor\fie  Mixtures  wUh  Ice, 


Miztare*. 

Snow,  or  ponnded  ice 

Muriate  of  soda 

Snow,  or  pounded  ice 

Muriate  of  soda 

Nitrate  of  ammonia 

Snow 

Diluted  Bulphnric  acid 

Snow 

Muriatic  acid 

Snow 

Diluted  nitric  acid 

Snow 

Muriate  of  lime    - 

Snow 

Cryst.,  muriate  of  lime 

Snow 

Cryst.  muriate  of  lime 

Snow 

Cryst.  muriate  of  lime 

Snow 

Diluted  sulphuric  acid 


Tbermometer  sinki. 


From  any  temp,  to  —  5°. 
From  any  temp,  to  —  25°. 


From  4-  32°  to 
From  -h  32°  to 
From  4-  32°  to 
From  -I-  32°  to 
From  -I-  32°  to 
From        0°  to 


23°. 

30°. 
40^. 
50°- 
6G° 


From  —  40°  to  73°. 
From  —  68°  to  —  91°. 


oo 


STATES  IN  WHICH  CALORIC  EXISTS  IN  NATUBE. 

421.  With  two  of  the  modes  in  which  caloric  exists  in  nature,  tbi 
dent  of  this  Compendium  has  been  made  acquainted ;  and  these  are  the 
modes  of  its  existence  generally  recognised.  As  it  exists  in  one  of  tb 
is  called  sensible  heat,  being  susceptible  of  detection  by  the  senses,  or  I 
thermometer.  In  the  other  it  is  called  latent  heat,  because  the  quantit 
sent  in  that  mode  of  existence,  is  not  open  to  those  means  of  d^ection. 
even  in  this  latent  state,  caloric  is  known  to  be  influenced  by  temper 
being  liable  to  be  removed  entirely  from  vapours,  or  liquids,  by  com 
cation  with  colder  substances;  so  as  to  render  its  subsequent  preser 
these,  a  proof  of  its  previous  existence  in  the  matter  from  which  it 
have  been  abstracted. 

422.  It  seems  to  me,  however,  that,  in  some  substances,  caloric  evic 
exists  in  a  state  in  which  it  is  wholly  independent  of  external  chan^ 
temperature.  In  this  predicament  I  suppose  it  to  reside  in  the  nil 
chlorates,  and  fulminates,  and  generally  in  all  detonating  compounds. 

423.  If,  agreeably  to  the  received  chemical  doctrines,  we  are  to  a 
the  explosive  power  of  such  compounds  to  combined  caloric,  it  must  b 
dent  that  its  condensation  in  them  is  wonderfully  great.  Yet  no  good  r 
can  be  assigned  for  this  prodigious  condensation.  It  cannot  be  asi 
simply  to  the  attraction  of  ponderable  matter;  since  the  same  pond 
matter  which  confines  it  at  one  moment,  liberates  it  in  the  next  withoi 
adequate  assignable  cause. 

424.  Thus  the  presence  of  platinum  sponge,  a  cold  metallic  con| 
causes  the  caloric  of  a  gaseous  mixture  of  hydrogen  and  oxygen  to  i 
explosively.  An  electric  spark,  or  the  contact  of  any  ignited  mattei 
duces  the  same  result.  The  cas:e  of  gunp<jwder,  exploded  by  the  i^ 
of  the  most  minute  portion  of  the  mass,  is  ecjually  unaccountable,  an 
wise  the  explosive  recnmposition  of  water  by  a  discharge  from  the 
galvanic  wires,  by  which  its  decomposition  may  have  b<«n  effected. 

425.  The  almost  irresistible  extrication  of  oxygen  in  the  gaseou 
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m% 


fbfcc      St  with  die  oxide  of  alfer,  ia'etfll  more  in 

9uJrpnBuig 

ve»  dierefixe,  tLat  in  ng  oompouiMlB,  calmc  is  held 

tale,  dependent  nidden  cause,  of  which  the  de- 

woold  probably  unfold  i  ny  m^  ries  in  galvanism  and  electro- 
D,  as  weD  as  in  chei  stry.  i  oeem  it  more  than  piobaUe  that 
ofdectiicity  is  the  pri  ocipal  agent  in  theie  mysterious  phenomena. 


SECTION  IL 

UGBT. 

437.  It  nust  necessarily  beloDS  to  Ghemistiy  to  treat  of 
Ut  ao  jhr  as  it  18  prodi  tive  ofneat^  deoxydizement^  ami 
nr  chemical  effects,  and  so  fiur  as  it  is  evolved  bjr  chemi- 
alproceawa. 

Aecordiw  to  Ne  rton^  light  is  a  subtile  fluid,  which 

sr  ndiatea  or  reA  cted  m)m  every  visible  point  in 

in  eonsequ      e  of  its  elasticity  or  tne  self- 

>t  power  of  itTpLtu  ^ 

It  ccKDM  from  the  about  ninety-five  millions 

IB  ei^  minot  i      ly  at  the  rate  of  two 

tbousud  miles  in  a  seco 

430l  Light  appears  to  have  no  sensible  weight.    The 

ffoiatts  c(  the  combustion  of  phosphorus,  carbon,  and 

combustibles,  am)  ar  fully  equal  in  weight  to  the 

matter  empk  3red.    It  follows  that  Sie  loss  of 

ttcfij^t  and  heat  occasi  >ns  no  diminution  of  weight;  yet 

is  emitled  tnr  the  flame  of  a  candle  or  lamp  to  be 

by  muy  hundred  miUions  of  eyes.    There  is  not 

a  kuniMias  point  in  the  universe,  from  which  a  sphere  of 

lafs  is  not  caitted,  in  radius  equal  to  any  distance  firom 

>ifcich  that  point  may  be  seen. 

4SL  AoBording  to  Huygcns,  Eulcr,  Young.  Fresud,  and  others,  light  is 

'     OKlulatioos  of  a  rare  clastic  medium,  or  ether,  which  pervades 

K.     This  opinion  has,  within  the  last  forty  years,  gained  the  ap- 

of  a  m^rity  of  men  of  science.    The  doctrine  of  Newton  is, 

lev  diflicnlt  to  comprehend,  and  serves  sufficiently  to  associate  the 

iDtclIigibiy.  Besides,  so  long  as  we  assume  the  existence  of  a  ma- 

t  of  calorific  repulsion,  (11,  &c«)  we  cannot  consistently  explain 

aoBinuoication  of  heat  (280,  6lc*)  without  supposing  that  the  pnrti- 

;  radiale  from  hot  bodies,  as  do  those  of  light  from  luminous 

ibly  to  the  Newtonian  doctrine.     But  if  calorific  radiation  be 

of  material  particles  by  hot  bodies,  it  would  be  in« 
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cooaiatent  not  to  oscribe  ihe  analogous  pheiKMnena  of  light  to  a  like  c 
In  obedience  to  these  considerations  !  shall  resort  to  Ihia  theory  in  in 
of  light  as  a  clwmical  agent,  not  viiihout  a  hoiK!  that  the  objections  1 
have  been  made  to  it,  may  horeaflcr  find  an  answer  in  some  itew  view  i 
subject. 

Of  the  Sources  of  Light, 

432.  As  a  source  of  light,  the  sun  is  obviously  * 
more  prolific  than  as  a  Source  of  heat;  and  it  mas 
evident,  that  all  the  processes  which  produce  ignition  n 
also  produce  light. 

433.  There  are  some  cases  in  which  light  is  emi 
without  heat.  As  it  comes  to  us  from  the  moon,  as  e 
ted  by  luminous  insects,  decayed  wtxtd,  or  the  phospho 
cent  wave,  it  appears  to  be  unaccompanied  by  calcnic. 

434.  In  the  fire-fly,  and  in  many  other  insects,  i 
evolved  by  vital  action. 


A 

~~--, 

f 

/ 

\^M 

£ 

■'■■'V 

I       43.'),  WlieD  a  ny  of  light  pauses  obliquely  from  a  nrnr  into  a  dcnxr  maJiun 

Iwnt  toaardi  tho  perpendicular  direelion.     When  the  couiae  i>r  the  oblique 

i   from  the  deiiaer  raodium  into  one  which  is  rarer,  it  in  bent  from  the  peipeod 

HI  a  body  of  water.  If  k  pencil  of  the  soltf  t*} 
. . .  perpend iijularly  at  C,  it  will  penetnte  Uie  wUcr 
out  deviating  from  it*  prcvioua  coursi- ;  for  whatever  uiaj- be  I  he  attraction  be 
the  light  and  Itie  water,  it  cannot  riiune  anv  ddlcclion,  kIiicc  it  must  act  •qui 
oithpr  niilo  of  each  ray.  Ilnl  shouM  a  iii-n^  il  i.f  mya  prisr-inu  through  the  tu 
and  penetralinf!  the  water  at  (^  rcai'h  the  bntti it  would  kIiiuc  on  the  pebti 

paaaing  Irom  a  rarer  into  a  dcniicr  incdiiun,  and  ciilering  the  latter  oCliquety,  U 
are  attnctcd  by  the  denser  medium  nini't  un  the  wide  notrei<t  to  it,  and  conBr^ 
are  bent,  or  refracted,  fmiii  Ihcir  previous  coursf 


T7 

iaMBti«,4Me(aathvsinl«,F  HE,uid  Ihan  Adnvadiainatar, 
Im  ta  the  (oHkeii  of  the  water.  Lat  the  linei  B  C,  C  I,  rapre- 
f  fUb  of  th*  B(lit  i>  paMiDg  fniia  the  tabs  to  the  bottom  of  tbe  water. 
Ihaa*  Ibm  JMtmact  tW  eirele,  draw  K  H,  I  L,  parallel  to  the  mrftoe  MT  the 
TW  n>^*  A  C  H,  which  the  ineideiit  ny  maica  wHfa  the  perMiidienlaf, 
I  the  uf Ib  (f  incltlence,  and  K  H  the  aine  (tf  tbii  Mfle.  1  G  E  ia  called 
Ir  </  fvfisctian,  and  I  L  it>  sine.  Id  the  cue  tf  water,  the  aina  I  L  ia  al- 
i^to  bs  tbtMiie  K  H,  aa3  to  4;  bat  weraaaaae  of  glaaa  aabatitated  (to 
It,  te  KB*  tt  Um  angle  of  refrasiion  te  that  of  ncideBM  would  be  ea  3  to  3, 
ha  (i>^  wwe  replaced  by  a  amiilar  niaa  oT  diamoBd,  tile  ratio  wonld  b« 


refVactiaD, 


■  tto3:  Ike  ratio  beiag  alw^c  invariable  in  Ihe  aaine nediDm,  what 
b  af  Bcid^ee  maj  be  ;  for  if  Ibe  pencil  of  laja  were  to  procaed  to  C, 
a  M.  iMbiii  tbe  anf  le  of  inaMence,  A  C  H,  and  the  angle  ef  refVac 
Um  ■■•,  T  4,  weoM  be  the  ane,  H  O,  in  the  nae  ratio  m  I L  to  K  H ; 
■U  ball  foad  aa  before  Ated,  whether  F  G  X  Z  vera  water,  diamond,  <..,  _ 
mj  Mhs  homooeneoQa  and  tranaparent  rafraetinf  medinm.    The  refiaotiMl, 
hw  baw  tfana  daaeribed  aa  taking  pfawe  during  tbe  paaaag*  of  ran  T 
hMdeaar  media,  aqoallyeDniea  when  light  poawa  ont  ofavelnnaaia 
■IB  itkawaloBe  that  it  take*  plaM;  itiieiun^thattlieiabataBaaBl 
I  Bs^m  be  of  diflbrent  dettntiea,  M  ehemicaUj  difiaivnt  Ib  iMr  i 
Mibla  Eanda  or  aofida  have  been  found  to  refrantMoatpowaffhllj.  It 
^^^     ...       ,    ....^.^:..... ___ 


of  neh  ina^  into  the 

tbe  aabataBtM  Ihrongh 

difiwwt  Ib  iMr  natoraa. 


HalmiilUlTTl 


I  between  combaatibili^  and  refraoli^pc , 

a  tmlT  le  infer  the  eoabnatlUe  nabtre  of  the  dianutd,  ft«n  ita  ao- 

refraetioo. 

of  the  eaae  of  I^t  refiaoted,  in  paming  ont  of  denan 

lagine  tlw  eje  of  an  obeerrer  placed  at  the  apper  oriSoe  of 

Inatead  of  the  pebble,  Z,  which  he  wonld  *ee  if  the  water 

Aa  paUla,  D,  wiD  be  eeea  by  bini-    Hence  the  well  known  power 

*-— — [^  object  Tirible,  wban,  in  the  abaance  of  the  liquid,  oar  new 

If  the  aide  cf  the  containing  TeHal;  and  hence  likowiee  tbe 

'  -"-' ecfd  pieienta  to  oa,  when  aeen  partiallf  nndar  watar. 

'bpaaaiag  tbn«gh  a  plate  of  glue  whon  •Drfaeea  are  parallel,  tbe  refiaetion 
k%fai  antuiu&Bni  ono  iDr&cc,  i>  compeOMtcd  by  an  oppoaile  refraction  by 
lb  nuHaoe  ;  bMdaring  iti  puaoge  through  a  pHim  ai  reprew-nted  in  the  fbl> 
ffagram,  it  b  injected  to  a  concurrent  redaction  fhnn  two  ■uriaee*. 

440,  Suppiiaing  tlut  the  re. 
TT                                        fracting  medium,  F  O  X  Z,  in 

the  laat  figure,  wars  bounded 
by  air  below  aa  well  aa  abore, 
and  ita  upper  and  lower  IDT* 
beef  were  parallel,  ■■  in  the 
case  of  *  plate  or  pane  of  glaaa, 
a  ray  of  light  in  paaiins  ob- 
liquely through  it,  would  be 
equally  attiBcled,on  one  wide,  aa 
acrt,  on  the  otAer  tidt  aa  it 
rga.  Ufloce,  after  ita  emer- 
Biice,  it  will  proceed  parallel 
I  ita  original  direction. 

441.  Butahould  a  ray  ftll  np- 
fuTc^ing  tiaure,  in  llio  direction  of  tbe  line,  A  Bi 

„...„  n  C,  oljiiqnely  to 

,_    I,  H  C  K.  il  will  be  again  iiKXt  nitrnctcd  by  thil  portion  of  tbe  aur- 
bvbieh  k  inclincH.     Conaeqaenlly,  it  will  be  rerractcd  ao  aa  to  nroeeed 

ThBit  muat  he  cTidciit  that  Ihe  twosurfnruA  oflhe  prinn  have  a  coocnrrent 
~  BtibiBdiagUifliaysfrDni  thnirprrviaDKCouraei  while  in  the  pone,  the  in- 
W^  aurfam  ia  ciiiiijwniOtrii  by  tlut  n(  (ha  othor. 

~  ~       I,  L  F  and  V.  F,  bein^  iwrpendiciilira  to  the  nurfneea  of  the  prinn, 
de  af  iaciHencr,  iD<l  K  BC,  Iho  -.maJxi  of  rormntion,  to  the  auiface 
mmcnierlhr  pii^iiL    K  C  II  ia  thiMincle  of  incidnnco,  and  E  C  D,  (he 
CtM«  loHKNiirt'.irf  rmrii  uhirh  III-  rnyii  eineritf. 
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DitptTsim  of  light, 

444.  Beiidei  the  Tefraction  iDitaincd  by  a  pencil  of  my  a,  Kgnaably  to  Ih*  [Mfr  f 

CBding  illuBtiBtion,  thej  undergo  anotber  alteration,  tha  eSccta  of  which  ■!«  TMJ.i 

S'leuin^,  and,  agreeabl;  to  the  doctrine  of  Newton,  highly  lailractiTO,  beinf  IH  ' 
oundation  of  hia  theory  of  coloun. 

445.  Light  appeare  lo  conilat  of  particle!  of  dilTereDt  kiodai  each  kind  haviiicth  ' 

property  of  producing  on  Iha  mtina  of  the  cyo  a  peculiar  iinnreBaion,  i 

convflvad  to  the  acnsorium  create!  the  idea  of  a  culour.     The  ray*  I 

of  aebnv  diSerontly  on  the  retina,  aoom  lu  bo  nnequolly  BuacoptiUa  o 

Hence,  m  paving  Uirough  the  piiim,  they  aro  aeparalod  from  each  otlict,  fbrmiaf  ■-' 

beaatiful  aeriea  of  all  the  vorioui  coloura  of  the  lainbiiw,  in  an  oblong  tignta  OUM 

the  ipectrani.    Under  thew  circumalancoa,  tha  raj*  are  aoid  to  be  diipenM^tBd  th*~ 

procMi  by  which  they  an  aeponted  ii  called  digpenion. 


vinrth  ' 


44G.  Let  A  B  represent  a  mrt  of  a  window  ■butter  of  a  room,  into  which  E|k  . 
snlen  only  through  Iho  hole  C.  If  the  light  Ihua  entering  bo  received  on  a  acTM^ 
■  circular  gpot  on  it  will  be  mode  himinoiu.  But  ifa  glau  prium,  D  O  E,  be  pbeM  ■ 
beforo  the  hole,  aa  that  the  light  inar  fall  advanta|>i><iUBly  ugKin  the  prian,  the  nft,  , 
which  had  belbre  producctt  the  lunimoui  circle,  will  be  icfraclcd  and  daperaed.  n  ' 
■I  to  form  the  apcclrum,  r  g  t,  consUting  of  the  fnllnwing  roloun,  arrU|cd  in  thi  , 
following  order — red,  orange,  yellow,  green,  blue,  indigo,  violet. 

Of  the  Healing,  Illuminating,  and  Chemical  Properties  ^ 
the  Jiays- 

447.  The  red  rays  arc  found  to  be  pre-eminent  in  beat- 
ing power;  tlic  violet  as  remarkable  for  their  superior 
influence  in  certain  chemical  changes,  dependent  on  dcoxi- 
dation.  In  the  middle  of  the  sijcctrum,  the  rays  have  the 
highest  power  of  illumination. 

448.  itcsides  tlic  rays  thus  mmtioncd,  there  are  iuviei- 
ble,  heat-producing  rays  beyond  the  red,  and  invisible  rays 
producing  dcoxidation  Ixyoiid  the  violet. 

449.  Agreeably  to  the  observations  of  Ilerschel,  to 
whom  we  are  indebted  for  the  discovery  of  therfe  invisible 
rays,  the  greatest  heating  and  deo.xidizing  power  exists 
just  iK-yond  the  limits  of  the  visible  speclnim;  but  from 
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__^ 1  by  Seebeck  and  Mellone,  it  appears  that 

Ai  hcation  of  the  principal  heating  power  is  d^ndent 
01  Ai  nature  of  the  refracting  mediam. 
4SQ»  la  the  qiectnim  pro      3d  by  crown  or  plate  glass, 
piBcipal  hcAt  was  in  t     red,  and  in  that  procured  by 

variety  of  transparent  liqukL 

f  the  cavities  of  several 

f         that  when  a  prism  was 

tne  maximum  of  heat  was  in 

IS  filled  with  solphuric  acid,  or 

or  corrosive  sublimate,  the  max- 

ti      by  the  eye,  the  red,  being 

ivious  course,  are  obviously 

It  is  no  less  obvious  that  the 


,  berfcmd  the  red; 
having  been  mad^ 
lolofw  riaas  prisms,  it  i 
SBcapiea  by  water  or  al< 
Ae  yeOofw  nys;  when  it 
wIntbDS  of  aal-ammonu 


heat  was  in  the  o: 

4SI.  Of  the  lays  per  % 
te  least  bent  from  thi  r 
te  least  refrangible ;  a 
liok,  being  the  most  b  it,  are  the  most  refirangible;  also 
iaihoM  laysy  which  are  found  eciuidistant  fix>m  the  red, 
aifiolflti  have  a  mean  refrangibility. 

48.  Mm  opimon  has  en  entertained  by  some  philoso- 
||hn  that  there  are  onl^  three  original  and  distinct  species 
MiffL,  winch  seems  lat  ely  to  be  sanctioned  by  one  of  die 
■ail  celebrated  opticians  of  modem  times.  I  allude  to 
Sir  Ikrid  Brewster,  whose  opinions  I  shall  give,  by  quot- 
ing them  in  his  own  language,  from  his  Treatise  upon 
Ojpcics,  page  68,  American  edition. 


CSl  *  Witli  the  Twv  of  obttintng  a  complete  analyris  of  the  spectmin,  I  have 
Um  ipeetra  Brodiieed  b?  various  bodjee,  and  the  chanffes  which  they  un- 
Vy  abeorpiioD  vnen  Tieweo  throagh  yarious  coloured  media,  and  I  find  that 
WivJmi  of  rrery  part  of  the  fpectruin  may  be  changed  not  only  in  intenaity,  but 
■  •io«,by  the  acUoa  of  particular  media;  and  from  these  observations,  which  it 
^mUd  W««t  of  plate  here  to 'detail,  1  conclude  that  the  solar  spectrum  consists  of 
ihiw  ntdr%  fvf  e^oal  lengths,  vii.  a  red  spectrum,  a  yellow  spectrum,  and  a  Hue 


y  inasi  The  /i i jisi m  nd  spectrum  has  its  mazinium  of  intensity  about  the  mid- 
A  «f  tbe  nd  space  in  the  solar  spectrum,  the  primary  yellow  spectrum  has  its  max- 
■na  m  the  middh  of  the  yellow  space,  and  the  primary  blue  spectrum  has  its  maz- 
■■■I  krtwtfta  the  Wuc  and  the  indigo  space.    Toe  two  minima  of  each  of  the  three 


M 


r  spectra  coiacide  at  the  two  extremities  of  the  solar  spectrum. 

"  Fna  tliis  view  of  the  constitution  of  the  solar  spectrum  we  may  draw  the 


iusioos: — 

-  I.  Mad,  yWoir,  and  Hue  light  exist  at  every  point  of  the  solar  spectrum. 
*~  2.  As  a  certain  portion  of  rr</,  yelloiCy  and  olut  constitute  ichiU  light,  the  eo- 
evcrr  priint  ef  the  spectrum  may  be  considered  as  consisting  of  the  pre<lomi- 
eoloar  at  any  point  mixed  with  white  liffht  In  the  red  space  there  is  more 
■n.— aiy  u>  make  while  light  with  the  small  portions  of  yellow  and  blue 
diere ;  in  the  yellow  space  tliere  is  more  yellow  than  is  necessary  to 
Kfht  with  the  red  and  blue ;  and  in  the  part  of  the  blue  space  which  ap- 
"    re  is  Bors  red  than  yellow ,  and  hence  the  excess  of  red  forms  a  violet 


>*&  By  abeorbiag  tlie  excess  of  any  colour  at  any  point  of  the  spectrum  above 

'  sary  to  flbrai  white  light,  we  may  actually  cause  white  light  to  appear 

,  mud  thu  white  light  will  possesn  the  remarkable  property  of  remaining 

IB  J  iMinhwef  retectioiiSy  and  ef  being  deoonpoaable  only  by  abeorptioB. 
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flNwk  a  whitA  lifht  I  have  ■oeeeaded  in  developiimr  in  diflbrtnt  ptfte  of  1 
Hmw  views  hannonize  in  a  remarkable  manner  with  the  h/potheabof  t 
whieh  haa  been  adopted  by  manj  philosophers,  and  whieh  others  htd  i 
its  incofopatibilitj  with  the  phenomena  of  the  qteotmm." 

TVianguUur  Glau  Prisi^  canteniently  mounted  on  a  univen 

This  figure  represents  a 
glass  prism,  mounted  on 
'b  joint,  supported  by  a  bru 
as  to  be  well  qualified  for 
sion  of  light,  agreeably  to 
ments  alluded  to  in  the  pr 
tides. 

A,  the  glass  prism,  si 
each  end  by  a  pivc^ 

B,  B,  handles  by  meat 
the  pivots  are  turned,  so  i 
the  prism  revolve. 

C,  C,  ball  and  socket, 
joint,  upon  which  the  plate 

be  moved  so  as  to  assume  any  serviceable  position. 

()f  certain  Chemical  Effects  of  Light* 

458.  I  have  already  adverted  to  the  calorific  in 
light,  and  to  its  power  of  producing  chemical 
j^okong  these,  the  bleaching  power  of  the  solar  i 
miliar  to  eveiy  body.  In  this  process  the  rays  f 
exercise  that  modifying  influence  on  the  attr^tio 
derable  matter  already  alluded  to.  (20,21.)  Con 
a  new  arrangement  of  particles  ensues  in  lieu  of  tl 
formed  the  colouring  matter.  Certain  vegetable 
exposed  to  the  sun  in  water,  have  l)een  found  to } 
gen  gas.  Some  metallic  salts,  especially  nitrate 
are  blackened  by  exposure  to  light,  owing,  as  is  a 
deoxydizement.  A  mixture  of  hydrogen  and  chlori 
the  dark,  remain  for  a  long  time  without  combi 
in  the  rays  of  the  sun  will  explode.  According 
Uus,  the  power  of  producing  this  result  exists  o 
violet  rays. 

459.  Other  important  processes  in  which  chem 
tion  is  produced  by  the  agency  of  light,  will  be  r 
as  I  proceed. 

Polarization  of  Light. 

460.  This  name  has  been  given  to  a  propertj 
which  causes  it  often  to  be  divided  into  two  por 
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iKth  is  ti L.^ed,  the  other  reflected,  by  the  same 

»tf  glus:  or  one  portion  snstains  refraction  in  an  or- 
d^ree,  the  other  in  an  extraordinary  degree.  Again, 
iese  pnmerties  are  found  to  be  commntable,  so  that 
^prtioB  01  the  rays  which  is  reflected  in  one  case,  may 
^feUHKttai  in  another;  or  that  which  in  one  case  sus* 
tktmlBaiT  refraction,  in  another  may  undergo  the 
^wuj  redaction,  and  vice  versa. 
Ml.  Tbeie  plienomena  are  ascribed  to  the  diflferent 
(unmed  by  the  different  groups  of  rays,  in  con- 
s  tf  whidi  certain  poles,  which  the  lumeniferous 
IS^  y  supposed  to  possess,  are  variously  directed  at 
I  VBt  IMS,  SO  as  toiietennine  their  reflection,  or  trans- 
or  the  d^ree  of  their  refraction, 
ft  li  consemence  of  this  diversity  of  position,  in  the 
'  lof  Uit-|m)TOcing jpartides,  ai^  Uie  peculiar  arrange- 
tof  lie  paitiGles  or  certain  transparent  bodies,  those 
of  light,  of  which  the  poles  are  fiivourably  situated 
taoansioa,  may  pass  through  such  bodies,  when 
^rtioos,  cf  which  the  polar  positions  are  different, 
rdfected;  one 'group  of  tne  rays  may  underao 
[inribaiy,  tfe  other  the  extraordinary  refraction.  Yet 
llflrtauisaussion,  reflection,  or  refraction,  the  polarity  of 
k  fKNips  of  rays  being  reversed,  those  which  were 
■nutted,  or  onusually  refracted,  in  the  first  instance, 
■ftJD  the  second,  be  reflected,  or  only  ordinarily  refract- 
I;  vhile  such  as  were  reflected  at  first,  or  ordinarily 
may,  in  the  second,  pass  through,  or  be  unusually 
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Latterly,  it   has   been  ascertained  by  Professor 

rf  Edinburgh,  that  the  non-luminous  rays  emitted 

tmted  bodies,  are  susceptible  of  affections  analogous 

iscribed  to  the  polarization  of  light.    As  the 

in  question  are  due  to  the  reaction  which  takes 

iee  between  masses  and  particles,  agreeably  to  the  defi- 

in  at  the  commencement  of  this  work,  they  belong  to 

philosophy  proper,  not  to  chemistry.   Yet  a  chemist 

be  indifierent  to  inquiries  which  tend  to  sanction,  or 

Us  theoretic  deductions  respecting  the  important 

phenomena  of  heat. 

6" 
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464.  Whatever  may  be  the  real  state  of  the  case,  it  has  been  found  oon 
venicnt  by  chemists,  during  the  lost  forty  years,  to  assume  tlic  existence  o 
three  imi)onderable  principles,  in  order  to  account  for  certain  phenomena 
and  associate  them  advantageously.  The  reasoning  which  tends  to  juatilj 
this  course,  has  been  already  briefly  stated.  (10  to  22.)  Of  two  of  thoa 
principles,  caloric  and  light,  I  have  treated  in  the  preceding  pages.  0 
the  other  imponderable  principle,  electricity,  whether  statical  or  dynamic 
separate  treatises  will  be  supplied. 

465.  In  the  next  place,  I  shall  treat  of  that  ^^kind  of  matter  whiek  i 
endowed  toith  weighty  and  which  is  in  consequence  recognised  at  materia 
by  the  mass  of  mankind.''  (^3*)  '^^^  kind  of  matter  nmy  be  genericdJ] 
designated  as  ponderable, 

466.  In  treating  of  ponderable  matter,  it  has  been  deemed  expedient  li 
designate  substances,  which  arc  exclusively  or  generally  the  products  d 
animal  and  vegetable  organization,  as  organic,  all  other  matter  being  detf^ 
nated  as  inorganic.  Hence,  nominally,  two  branches  of  chemistry  fam 
been  created,  called  organic,  or  inorganic,  accordingly  as  the  objects  of  It 
tention  have  been  such  as  to  justify  the  one,  or  the  other  designation.  Yet 
it  is  undeniable  that  no  accurate  line  of  demarcation  can  be  drawn  lietweei 
the  branrhcs  thus  distinguished.  Subslan(^es  proiluced  by  animal  or  vcg^ 
table  life,  may  in  scvrral  instances  be  obtainc^d  by  the  reaction  of  inoi^ranje 
bodies;  the  phenomena  in  each  branch  are  (k'|Kiulent  on  the  same  ultimalB 
elements;  and  in  almost  all  cases,  those  of  orj^anic  cheinistr}*  arc  displayed 
by  means  of  agents  derived  from  the  inorganic  world. 

407.  Nevertheless,  the  separation  of  chemical  science  into  the  two  branches 
in  question,  seems  to  me  Iii^hly  advantntjjcuus  in  practice.  Few  iwraou 
who  are  not  chemists  by  proll'ssion,  can  a('«[uire  more  than  a  general  cheini- 
Ciil  knowledge  of  important  farts,  pro|Mrti<s,  elements,  principk's,  and  coa* 
binations,  with  so  much  theory  as  may  be  neressarv  to  ass<x:iatc  then 
With  those  details  and  minutia-,  of  which  oruanic  chemistry  nK»stlvconsisti 
it  were  useless  to  endeavour  to  impart  a  knowleilL;*'  durinir  the  time  allottec 
to  an  education,  in  which  the  attention  of  the  leariKT  is  diviilcil  belwef»u  scve 
ral  branches  of  science.  Rut  the  ac(i«iisiti(»n  of  that  degree  of  knowledgi 
which  it  is  reasonable  to  expect  in  orijanic.  ehemi>try,  is  (juiteeasy  to  a  stu 
dent  who  is  familiar  with  the  inorjranic  depailmenl  of  this  science;  whifc 
to  one  ignorant  of  the  latter,  the  smallest  proga^s  in  the  foniier  is  utteri] 
impraclieable. 

Ad^*  This  sul)j<'<:t  will  ]>e  reeurn'd  to  wh<  n  I  enter  upon  organic  chcmci 
try.  Mi.'anwhile,  after  treating  of  certain  ii«  neral  prn|K'rties  of  )H>nderabl< 
matter,  or  the  means  of  ascertaining  or  observing  then),  I  shall  proooei 
with  the  chemistry  of  inorganic  subblances. 
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OF  CERTAIN  GENERAL  PROPERTIES  OF 
PONDERABLE  MATTER, 

AXD  OF  TIIE  MEANS  OF  ASCERTAINING,   OR  OBSERVING 

THEM. 

4(10.  As  introductory  to  the  consideration  of  the  indivi- 
Aial  inorganic  substances,  it  will  be  expedient  to  treat  of 
Ciemicai  Attraction,  Definite  Proportions^  Specific  Gravity, 
lad  the  Mode  of  collecting  qnd  preserving  Gases,  formerly 
feignated  as  Pneumatic  Cliemistry.  These  subjects  will 
W  considered  in  the  four  following  sections. 

SECTION  I. 

OF  CHE^^CAL  ATTRACTION. 

470.  The  word  chemical  has  been  used  to  designate  the 
ttnction  which  takes  place  between  heterogeneous  parti- 
des  only.  I  object  to  this  restriction  of  its  meaning,  be- 
Cttise  I  consider  it  as  affording  a  natural  line  of  separation 
ktween  cberaiGal  and  mechanical  philosophy,  to  consider 
the  one  as  treating  of  the  reaction  of  masses,  or  of  masses 
and  part  icles,  the  other  of  the  reaction  of  particles  only. 
Besides,  the  process  of  crystallization,  of  which  I  shall  in 
the  fiext  place  treat,  arises  from  the  reaction  of  homogc- 
DeoQ?  atoms;*  and  it  was  among  chemists  that  the  investi- 
gatioD  or  observation  of  the  laws  and  phenomena  of  crys- 
ulbzatif>n  ori<nnated.  I  consider  the  force  which  causes 
homfiseiioous  atoms  to  cohere,  whether  in  the  crystalline 
form  'jt  oth^^rwiso,  as  a  species  of  chemical  attraction. 

471.  The-  attraction  which  takes  place  between  homoge- 
nerios  putjcles,  is  designated  as  attraction  of  aggregation, 
Qttrartion  of  cohesion,  or  homogencoufi  attraction*  The  at- 
tractK^n  which  arises  between  heterogeneous  particles,  is 
called  chtmiccd  affinity,  or  heterogeneous  attraction. 

(y  Aiiradinn  of  Aggregation  or  Cohesion,  or  Homogeneous 

Attraction.     - 

472-  Of  this  kind  is  the  force  which  enables  bodies  to  rc- 
■e<rfcj/iiWi/ division.     Ov(TComin2  it  does  not  alter  the 


*  I*B  tae  rnord  particle  only  to  designate  those  elementary  portions  of  matter 
bv  ariv  luttiral  means  bo  divided.     Chemists  use  the  word  atom  to 


^fM^  ^^r  •iK'h  a  particle,  or  the  smallest  portion  of  a  chemical  compound ^ 
vwdbcntxut  vithoot  deromoosition.  M72.  r^O?.  r>50.  501.) 


84  PONDERABLE  MATl^R. 

chemical  nature  of  a  substance.    It  is  the  cause  of  crys 
lization.     (See  note.) 

Of  Crystallization* 

473.  Almost  all  matter,  in  passing  from  the  fluid  to 
sohd  state,  assumes  regular  forms  called  crystals.  As  j 
inconceivable  that  homogeneous  particles,  or  atoms,  < 
differ  in  size  or  shape,  it  is  not  wonderful  that  wl 
united  by  the  same  attractive  force,  they  should  prodi 
regular  forms.  To  produce  irregular  forms,  the  atoms, 
the  forces  actuating  them,  should  be  irregular.  In  fact, 
the  deposition  of  matter  from  solution,  or  on  the  evapo 
tion  of  the  solvent,  is  accelerated^or  retarded,  a  con 
ponding  change  ensues'TiTTHercrystalline  j(orm.  In  t 
way  various  deviations  arise  from  that  primary  formwh 
is  assumed  under  circumstances  which  allow  the  deposit 
to  proceed  at  the  same  rate  precisely.  Those  forms,  wh 
deviate  from  the  primary  form,  are  called  secondary.  1 
various  steps  by  which  they  are  generated  from  the  | 
mary  forms,  have  been  most  ingeniously  traced,  or  infen 
by  Haily  and  others.  In  some  instances,  the  primary 
primitive  form  has  been  developed  by  cleavage. 

474.  It  was  at  one  time  the  general  impression,  t 
every  chemical  compound  had  an  appropriate  crystall 
form.  Latterly  it  has  been  shown  that  certain  substan 
quite  different  in  their  nature,  as  for  instance,  phosphc 
and  arsenic  acid,  assume  the  same  forms  in  crystallizi 
Such  substances  are  said  to  be  isomorphaiis.  In  the  int 
duction  to  Thomson's  Inorganic  Chemistry,  several  groi 
of  isomorphous  substances  are  mentioned. 

475.  Other  things  being  equal,  crystals  are  larger 
proportion  as  their  growth  is  slower.  They  shoot  fr 
extraneous  bodies,  as  the  sides  of  the  receptacle,  or  fr 
strings  or  sticks,  in  preference  to  crystallizing  in  an  isc 
tod  manner.  Agitation  hastens  their  production  but  c 
fuses  them.  The  crystalline  texture  of  some  of  the  ti 
rocks  is  attributed  to  slow  cooling.  The  same  mat 
fused,  and  allowed  less  time  to  cool,  forms  a  glass. 

*  The  details  of  crystallography,  as  they  have  been  presented  by  HaOy  and  ot 
arc  of  iheinsclvea  so  e<)piou8  as  to  require  for  their  rcmciubrance  a  ^eater  effc 
the  mind  than  all  the  rhemintry  which  1  expert  a  randidate  for  a  medical  degr 
acquire.  It  is  evidently  one  of  theme  subjeeta  of  which  a  copious  knowledge  ci 
be  imparted  advantageously  during  a  strictly  uiediral  education.  The  instnn 
which  1  shall  endeavour  to  give  upon  Ibis  topic,  will  l>e  extremely  brief. 


C^DOQAJt  ATimACTIQII. 


&  Bnrzein  _  timt,  if  two  flaslus  both  containing 
nt0d  solution  €^  two  parts  of  mtrate  of  potaidi  and 
if  fltdphate  of  aoda^  be  flonrounded  with  ice  or  cold 
'y  on  introducing  a  ciyBtal  of  nitrate  of  potaah  into 
md  a  cijBtal  of  sulphate  of  soda  mto  the  other, 
lis  will  be  formed  in  each  flask,  of  the  same  nature 
it  of  the  crystal  introduced.  Nitrate  of  potash  will 
and  cijBtaUiEed  ejBchisively  in  the  flask  first  men- 
1,  ud  nlpbate  of  soda  as  exclusively  in  the  other. 
7.  Gmlab  are  found  in  nature  and  are  produced  ar- 

&  Tie  precioas  stonei  e  native  crystals.  Carbo- 
ef  IiK,  common  salt,  and  gypsum,  are  native  pro- 
k  oAm  ciystaDine  b  form. 


JhgU  Mmmn;  m  huit  ummtfir  uuatm-mg  dU  dagUg  ^ 
CryMt, 

to  1m  Mietly  awlftr  to  iIm  •jrSf  but  when  eonpmd  bj 

nto  caDed  gonigmeten,  they  will  oftm  be  fomid  to  difibr 

•  inetnuients  theie  are  two  conaCnictioiis :  one,  bebif  mote 

■ere  ffenenl  utility;  the  other,  oontrived  by  WoOairton,  ie 

ikilfmlyeBployed  ie  eapaUe  of  ginng  nere  aeearato  m- 

•f  the  iMJait  eppMotioii,  md  whteh  ie  wwially  employed^  k 


eifie¥ing. 
CfAtCommomOamimuter. 


^ 


is  founded  upon  the  15th  propoeition  of  Euclid,  which  de- 

uyyoeito  angles,  made  by  any  two  llnee  in  crotiing  each  other, 

U  nllows  that  the  anglee  made  by  the  lege,  B  B,  B  C  B,  of  this 

■  k*1aw  the  pivot  on  which  they  reroive,  are  equal  to  each 

ij,  y  be  flaiade  to  cloee  upon  any  aolid  crystalline  angle,  pre- 

at  Cy  il       -*ill  coeiprise  a  similar  angle  oo  the  other  side  of  ihe  cen- 

t)  This  angle  is  evidently  eqaivalent  to  that  of  the  crystal, 
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and  is  ascertained  by  inspecting  the  semicircle,  A,  graduated  into  180  degrees,  pi 
cisely  in  the  same  manner  as  a  protractor. 

4^.  The  construction  of  goniometers  is  usually  such  as  to  allow  the  legi  to  I 
detached  from  the  arch,  in  order  to  facilitate  their  application  to  crystalline  anriai 
and  yet,  so  that  thcv  may  be  reapplied  to  the  scipicirclc,  without  derangin^toei 
fh>m  the  angle  to  which  they  may  nave  been  adjusted. 

483.  The  piece  of  brass,  in  which  tlio  pivot  is  fastened,  slides  in  a  slit  in  each1i| 
so  as  to  permit  them  to  be  made  of  a  suitable  length,  on  the  side  on  which  the  crj 
tal  is  applied. 

Of  WoUaston's  Goniometer. 

484.  The  process  by  which  angles  are  ascertained  by  means  of  Wollaston's  goni 
meter  is  as  follows : — 

485.  The  crystal  to  be  examined  is  attached  to  an  axis,  and  so  adjusted,  by  neat 
of  suitable  mechanism,  that  the  image  of  a  window  bar  may  be  seen  reflected  froi 
one  of  the  crystalline  faces,  so  as  to  coincide  with  a  line  (seen  directly)  drawn  o 
the  wall  under  tlie  window,  parallel  to  the  window  bar.  By  a  partial  reToIution  i 
the  axis,  and  consequently  of  the  crystal,  a  similar  coincidence  of  the  images  oftt 
bar  and  line  is  produced  by  means  of  anotiicr  face  of  the  crystal,  being  the  next  I 
that  first  employed. 

48G.  Meanwhile  the  number  of  degrees  of  a  circle  moved  through,  in  ehangii 
the  crystal  from  the  first  to  the  second  position,  is  measured  by  an  index  on  a  gradi 
ated  arch,  and  the  degrees  of  the  angle,  which  the  surfaces  make  with  eich  otha 
thus  ascertained. 

Various  Modes  of  causing  Artificial  Crystallization. 

487.  Fusion  followed  by  con  gclatioju — Instances:  Cr}'stal 
lized  sulphur,  bismuth,  antimony,  zinc. 

488.  Solution  followed  by  evaporation  in  open  vesseU*^ 
ExempHfied  by  salts,  acids,  alkalies,  sugar. 

489.  Solution  with  heat  followed  by  refrigeration. — Most  01 
the  substances  which  crystallize  by  evaporation,  yidd 
crystals  in  this  way. 

490.  Solution  followed  by  vaporization  at  the  boiling  heat^-^ 
Crystals  may  be  thus  obtained  from  many  salts,  but  arf 
always  minute. 

491.  Solution follotred by  saturation. — Instances:  Potasl 
saturated  by  carbonic  acid  or  chlorine. 

492.  Sublifnation. — This  comprises  the  idea  of  vaporiza- 
tion, and  condensation  into  a  state  of  solidity.  Instances: 
Corrosive  sublimate,  calomel,  iodine,  arsenic. 

493.  Solution  followed  by  prrcipitation  ;  as  in  the  case  0 
the  arbor  Diana)  and  arbor  Saturni. 

Crystalline  Sjwcimcns  exhibited. 

491.  A  wooden  arch,  about  fifteen  inches  high  and  a  foo 
wide,  encrusted  with  fine  l)liie  crystals  of  the  sulphate  c 
copper:  also  baskets  constriictc^d  of  boniu^t-wire,  curiousi; 
studded  with  elegant  crvstals  of  the  saiiu^  salt.  Crvstal 
of  the  ferroprussiate  of  potash,  more  properly  called  cy 
Jinoferite  of  potassium,  suspended  by  a  cord  on  which  th 
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■i^  we         _         1.  dora^  their  foimation.    (475.) 
^M  c^stak  are  of  an  agreeable  lemon-yoUow  coloiir. 
,  4R.  A  cfystaUine  coogeries  of  alum,  about  a  hundred 
hd*  in  wei^t.    Baskets  studded  with  crystals  of  the 
■isalu 

#6.  Large  cluster  of  crystallized  borax. 
WI.  Crystais  of  corrosiTe  sabUmate  and  calomeL 
4S6.  Crystal! erf" sulphur, araeiiic, bismuth, antimony, dec 
1,499.  Various  other  ciystalliiie  bodies.  . 

Of  Decrytttdlization. 
It  has  been  ascertained  by  Dr.  Daniell  tiiat  crysOds 

, partmlJT  developed  by  solution.    When  alum  is 

'daljr  a»«)lvQd,  its  ciystalbne  structure  becomes  veiy 
ilnt. 
Ml.  Specimn  of  deciystallized  alum. 

^  QT  Water  of  CrystaUization. 

'  Sn.  TW  wdi  known  spicuhe,  ^cb,  by  their  appearance 
•  the  swfacs  of  water,  indicate  incipient  freezing,  are 
ajtuis.  In  fact,  it  was  &om  the  Greek  name  for  ice, 
um.  that  die  word  crystal  was  adopted;  as  crystals 
correctlr  considered  as  the  products  of  a  process 
analogous  to  Oeezing.  This  is  strictly  true  in  the  case  of 
OTUl^  resiiltii^  from  the  congelation  of  matter  from  a 
MUe  of  Auioo.  Water  enters  into  the  coDBtitution  of 
■ny  crystals  which,  when  robbed  of  it  by  heat  or  desic- 
otim,  lose  die  crystalline  form.  The  water  thus  situated 
u  cald  water  of  crystallization.  Some  substances  com- 
bine widi  water  in  different  proportions,  and  consequently 
tMmte  difibfent  forms ;  others  ciystallize  with  or  without 
nter,  with  a  corresponding  diversity  of  form.  These  re- 
■hf  are  dependent  upon  variations  of  temperature  in  the 
■Ifait  u  the  period  of  the  cry  stall  ization.  At  SGPy  sul- 
|bue  of  soda  crystallizes  witliout,  at  40°,  with  water  of 
'  iOB.  Qiloride  of  sodium,  which  is  ordinarily 
is  made  to  unite  with  water  of  crystallization 
zero. 
Crystals  usually  retain  within  their  crevices  a  mi- 
'on  of  the  solution  in  which  they  have  been  crys- 
I  i  the  decrepitation  of  chloride  of  sodium 
antr     ous  salts  v/hea  heated,  from  the  vapori- 
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zation  of  the  water  so  retained.    The  larger  the  crystakb 
the  more  they  are  hable  to  this  impurity. 

> 

Of  the  Consequence  of  excluding  the  Air  from  a  satwntd 
Solution  of  Sulphate  of  Soda  while  boiling. 

504.  If  a  flask  be  sealed,  so  as  to  be  air-tight,  wUh. 
containing  a  boiling  saturated  solution  of  GlauberU  mbf] 
{sulphate  of  sodoj)  the  solution  will  remam  liquid,  so  loBg* 
as  undisturbed,  but  on  the  admission  of  the  air,  will  oiken; 
become  a  compact  crystalline  mass  within  a  few 
In  other  cases,  it  will  continue  liquid  for  some  time, 
for  24  hours,  and  may  then  crystallize  on  being  pound 
out  of  the  flask.  Sometimes  it  crystallizes  in  the  meek  of 
the  vessel  while  the  operator  is  pouring  it  out ;  at  otheiii 
allowing  a  crystal  or  other  body  to  fall  into  the  sohitioOf 
causes  crystals  to  shoot.  No  satisfactory  explanatioD  hu 
been  aflTorded  of  this  phenomenon.  It  seems  as  if  the  re- 
pulsive and  attractive  powers  were  so  nearly  balanced  as 
to  enable  a  slight  external  force  to  determine  the  prepoiH 
derancy  in  favour  of  the  latter.  That  there  is  an  eTola- 
tion  of  caloric,  consequent  to  the  congelation,  is  rendered 
evident  by  a  rise  of  temperature. 

Experimental  Illustration. 

r)05.  Several  glass  flasks  being  made  about  two-thinb 
full  of  a  saturated  solution  of  Glauber^s  salt,  and  sealed 
up  air-tight,  the  solution  remains  liquid  until  the  air  is 
admitted.  It  then  crystallizes  cither  spontaneously,  or 
from  sli<rht  causes. 

OF  CHEMICAL  AFFIMTV,  OR  HETEROGENEOUS  ATTRACTION. 

500.  This  attniction  is  never  subdued  mechanically,  un- 
less when  nearly  balanced  by  repulsion;  as  in  the  case  of 
compouiuis  which  may  be*  e\[)lode(l  by  percussion,  (29,)  or 
of  elastic  fluids  combined  with  liquids.  (-40.) 

507.  To  sever  (elements,  united  by  chemical  affinity,  the 
finest  edge  producible  by  human  art  is  utterly  incompetent 
Thus,  chalk  consists  of  lime  and  earl>onic  aeid;  vermilioDi 
of  sulphur  and  mercury.  Yet  when  reduced  to  powdeii 
j>erfectly  impalpable,  the  minutest  particle,  whether  ol 
chalk  or  vermilion,  contains  the  same  ingredients  as  dl6 
mass,  and  in  the  same  pro{K>rtion. 
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Different  Cases  of  Affinity. 

308.  First  Case — Simple  Combination. — A  and  B,  two 
leterogeiieous  substaDces,  unite  and  form  the  compound 
I&  ^ 

Instances. 

509.  Copper  with  zinc  forms  brass. 
310.  Copper  with  tin  forms  bronze- 
Si  I    Antimony  with  lead  forms  type  metal. 
512.  Magnesia  with  sulphuric  acid  forms  Epsom  salt,  or 

riphate  of  nagnesia. 
^13.  Soda  with  sulphuric  acid  forms  Glauber^s  salt,  or 

nlpfaite  of  soda. 

514.  With  mercury,  various  metals  form  amalgams. 

Experimental  Illustration. 

515.  A  portion  of  gold  leaf,  being  triturated  with  mer- 
cvy,  disappears,  forming  a  chemical  compound  with  the 
maaayj  m  consequence  of  the  inherent  attraction  or  af- 
fity  between  the  heterogeneous  particles. 

M6.  Second  Case  of  Affinity. — Called  single  elective  at' 
traOitm,  or  simple  affinity. 

5 IT.  A  and  B,  two  heterogeneous  particles,  being  united 
I  in  the  com[>ound  AB,  another  particle,  C,  l>oing  blended 
wh  them  in  solution,  unites  with  one  of  them,  as  A,  to 
Aefxtlusion  ofB. 

51^-  In  this  case,  C  is  said  to  decompose  AB,  and  to 
l»t  a  zreater  affinity  for  A  than  for  B. 

Experimental  Illustration. 

il9.  Potash  being  added  to  a  solution  of  sulphate  of 

^iMgneeia.  the  magnesia  precipitates  in  white  flocks.     A 

ttp  resuh  takes  place,  on  adding  a  solution  of  potash  to  a 

flktion  of  sulphate  of  alumina. 

59D.  R^iofuile. — Sulphate  of  magnesia  consists,  as  its 
implies,  of  sulphuric  acid  and  magnesia.    The  affini- 
Wting  between  the  potash  and  the  acid  being  great(;r 
^'  tveon  the  acid  and  the  magnesia,  the  latter  is  dis- 
fioiD   combination,  and,  being  by  itself  insoluble, 
.     An  analogous  explanation  will  apply  in  the 
alumina.     In  each  case,  the  affinity  of  the  acid 
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for  the  alkali,  predominates  over  that  of  the  acid  for  tin 
earth. 

521.  Third  Case  of  Affinity. — Called  double  elective  at 
traction^  or  complex  affinity. 

522.  The  compound  formed  by  the  particles  A  and  B 
being  blended  in  solution  with  the  compound  formed  by  ( 
and  D, — A  combines  with  D,  and  B  with  C. 

Experimental  Illustration. 

A  B  AD 

Sulphate  of  zinc    ^  L  Sulphate  of  lead 

beinof  mixed  with  >  forms  <  and 

Acetate  of  lead,    y  f  Acetate  of  zinc. 

CD  C  B 

523.  Fourth  Case  of  Affinity. — A  and  B  being  in  udkmi 
C,  added  in  excess^  combines  with  both  A  and  B. 

524.  When  ammonia  is  added  to  certain  solutions  of 
metallic  salts,  those  of  copper  or  silver  for  instance,  it 
operates  at  first  as  the  potash  does  in  the  case  of  smgk 
elective  attraction  abovementioned,  and  the  oxide  of  cop 
per  or  silver  precipitates.  But  if  the  ammonia  be  added 
in  such  quantity,  as  that,  after  all  the  acid  shall  have  baa 
saturated,  there  shall  be  an  excess  of  alkali,  this  exceai 
will  combine  with  the  precipitated  metallic  oxide,  formiDf 
with  it  a  compound  which  is  immediately  dissolved.  Ilend 
the  menstruum  which  is  at  first  rendered  turbid,  aftennard 
becomes  clear,  and,  in  the  case  of  the  copper,  assumes  i 
beautiful  and  characteristic  blue  colour. 

Experimental  Illustration. 

525.  Liquid  ammonia  l>eing  j)oured  into  a  solution  o 
copper,  at  first  prcci|)itates  the  metal  in  greenish  flocks 
but,  when  the  alkali  is  added  in  excess,  these  flocks  disap 
pear,  and  a  blue  solution  results. 

Additional  Illustrations  of  Chemical  Affinity. 

526.  In  order  to  show  the  wonderful  power  of  chemia 
reagents  in  producing  striking  cliangeti,  some  additicmt 
exemplifications  of  chemical  afiinity  will  here  be  givd 
This  exhibition  may  excite  curiosity  in  the  learner  an 
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iflbrd  gratification  to  him,  although  unprepared  to  under- 
stand the  intricate  play  of  affinities  by  which  the  results 
aie  accomplished. 

Experiments. 

527.  Silver  precipitated  by  mercury,  mercury  by  copper, 
«id  copper  by  iron. 

52S,  Conversion  of  two  liquids  into  an  adhesive  mass 
W  mingling  sulphuric  acid  with  a  solution  of  chloride  of 
okrium  or  nitrate  of  lime. 

528.  SoJation  of  ferroprussiate  of  potash,  added  to  solu- 
tioo5  of  copper  and  iron. 

aJi).  Solution  of  chromate  of  potash,  added  to  solutions 
of  lead,  mercury,  and  silver. 

531.  Ammoniacal  nitrate  of  copper  or  silver,  added  to 
irsenious  acid. 

Of  Oohtsion  as  an  Opponent  to  Chemical  Combination^ 

532.  There  are  many  substances,  among  others  carbon, 
wkkh,  under  certain  forms,  in   consequence  of  greater 
bardnesss,  arc  much  less  susceptible  of  chemical  reaction, 
than  under  others.     Thus  the  diamond,  anthracite,  char- 
coal and  tinder,  are  varitics  of  carbon,  which  are  endowed 
BTtha  susceptibihty  of  combustion  inversely  as  their  hard- 
nta?.    Tinder  is  proverbially  ready  to  take  fire,  while  the 
daai«iiKJ  is  only  to  be  ignited  by  the  aid  of  extreme  heat, 
and  in  unusual  supply  of  oxygen.     Every  body  knows 
Ikjw  mwh  b'?5  susceptible  of  being  acted  upon  b}^  solvents, 
an-  brirkt.  jjorcelain,  or  stone  ware,  than  the  earthy  mate- 
nal«  hut  of  which  they  are  made.    In  these  cases,  it  would 
feallja{ipear  that  tlie  attraction  between  the  homogeneous 
ttom?  counteracts  the  heterogeneous  affinity  which  would 
•ffer  them.     Yet  I  conceive  it  to  be  an  error  to  confound 
Ifc  olfrtnjction  to  chemical  reaction  thus  created,  with  that 
''bcfa  an*^'?  from  tlie  restriction  of  the  surface  in  contact 
^  the  solvent.    Other  things  being  equal,  there  will  evi- 
tariv  \)f:  more  action  in  proportion  as  the  points  of  con- 
tlgnr  are  multiplied,  and  vice  versa.     Thus  the  action  of 

aol  will  Ix^  less  rapid  upon  a  metallic  ball,  than  upon 

weight  of  metal  in  the  state  of  foil,  fine  wire,  or 

although    the  attraction   of  the   homogeneous 
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particles  is  quite  as  energetic  in  the  one  case  as 
other. 

Eff'ects  of  Mechanical  Division  experimentally  illustn 

533.  If  a  ball  of  brass  be  put  into  one  glass,  an^ 
half  its  weight  of  brass  filings  or  turnings  into  anoth 
adding  nitric  acid  to.  both,  a  violent  effervescenc 
ensue  in  the  one,  while  in  the  other,  the  reaction  will  1 
be  discernible. 

Influence  of  SoliUion  in  promoting  Chemical  Reaction^ 

rimentally  illustrated* 

534.  Tartaric  acid  and  a  carbonate,  although  intin 
intermingled  in  a  pulverulent  state,  do  not  react  until  i 
ened,  when  a  lively  effervescence  ensues. 

Exception  to  the  Law  that  Chemical  Action  requires  Ft 

experimentally  illustrated. 

535.  If  slaked  lime  and  muriate  of  ammonia  in  p 
be  mixed,  the  pungent  fumes  of  ammonia  will  be  pare 

Tables  of  Affinity. 

536.  These  consist  of  the  names  of  a  series  ol 
stances,  placed  in  a  column,  in  the  order  of  their  ai 
for  any  one  substance  of  which  the  name  is  at  the  h€ 
the  column.    The  following  is  an  example : — 

Sulphuric  Acid. 

Baryta, 

Strontia, 

Potash, 

Soda, 

Lime, 

Magnesia, 

Ammonia. 
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SECTION  II. 

OF  DEFINITE  PROPORTIONS. 

537.  The  proportions  have  been  long  known  to  be  in- 
wiable^  in  which  substances  must  be  mixed  in  order  to 
fttorate  each  other,  or  to  produce  a  compound  in  which 
le  peculiar  characters,  or  affinities  of  the  ingredients,  are 
Btiiiguidbed. 

5^.  When  substances  combine  in  other  proportions 
^an  those  of  saturation,  their  ratio  is  no  less  definite  and 
toKlaot. 

539.  Tliere  is  not  in  any  case,  except  the  peculiar  one 
of  sohitioD,  an  indefinite  gradation  in  the  proportions  in 
vlick  bodies  combine.  There  are  rarely  more  than  four 
gnktions. 

M).  The  number,  representing  the  least  proportion  in 
vhidi  a  sabstance  is  known  to  combine,  will,  in  a  great 
■polity  of  cases,  divide  the  numbers  representing  the 
peater  pioportions  without  a  fraction;  and  where  this 
rcnh  is  unattainable,  it  will  still  be  found  that  the  larger 
pfopxtion  may  be  divided  by  the  half  of  the  lesser  without 
1  remainder. 

541.  I^t  A,  B,  and  C  be  certain  substances,  and  let  X, 
Y,  aod  Z  be  other  substances,  severally  having  an  affinity 
fcf  erthcT  A,  or  B,  or  C.  Let  each  of  the  former  and  each 
rf  the  latter  be  combined  in  the  least  possible  proportion. 
Cote«^uently,  the  least  combining  proportion  of  each  sub- 
stinct  will  be  found  three  times.  It  will  appear  that  the 
popoHKins  of  A,  B,  and  C  found  by  combining  them  with 
X  will  ^  in  the  same  ratios  to  each  other,  as  the  propor- 
tions found  bj'  combining  them  with  Y,  or  Z;  and  reci- 
procally, that  the  proportions  of  X,  Y,  and  Z,  will  have  the 
Mie  rauos,  whether  ascertained  by  their  combination  with 
iRorC. 

'>li  \^lien,  instead  of  ascertaining  the  least  combining 
F^rlions  of  six  substances,  the  experiment  has  been  ex- 
1^^  to  any  larger  number,  the  same  uniformity  has 
"^'ttouiKl  to  prevail  in  the  ratios  of  the  numbers  repre- 
•J^  those  proportions.  It  has  also  been  found  that 
J^iumliers  are  ascertained  which  express  the  ratio  of 
'*  fciit  combining  proportions  of  a  variety  of  substances 
**  Hf  one  substance,  as  for  instance  to  oxygen,  those 
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numbers  will  express  the  ratios  of  the  least  cooibmii 
portions  of  the  substances  in  question,  to  each  othei 

543.  Numbers  representing  least  combining  prcf 
are  called  chemical  equivalents*  As  they  are  men 
pressive  of  ratio,  they  may  be  multiplied  by  any  a 
multiplier,  or  divided  by  any  conmion  divisor,  j 
affecting  tSeir  correctness. 

544.  They  are  usualty  so  computed  as  to  mai 
equivalent  of  oi^gen,  or  of  hydrogen  =1.  As  tbi 
valents  of  these  substances  are  as  1  to  8,  it  follows, 
hydrogen  be  represented  by  unity,  oxygea  will  be 
oi^gen  be  unity,  hydrogen  will  be  0.125,  or  one-c^ 
one.  Ck>nsequently,  equivalents,  formed  upon  eithar 
may  be  converted  into  those  corresponding  with  ths 
either  by  multiplying  or  dividing  by  8. 

545.  By  Berzelius,  Wollaston,  and  Thomson,  c 
has  been  made  the  standard.  Berzelius  assumes  it  i 
Wollaston  at  10,  and  Dr.  Thomson  at  1.  The  OB 
ference  between  the  equivalents  founded  upon  theil 
hers,  is  in  the  position  of  the  decimal  point. 

Of  Tables  of  Chemical  Eqmoalenti^ 

546.  In  these,  the  equivalents  of  all  known  bddi 
far  as  ascertained,  are  arranged  alphabetically.  So 
bles  are  of  great  utility  in  practical  chemistry.  Tb 
rative  chemist  may  frequently  resort  to  them  with  « 
tage.  They  enable  him  to  store  his  memory  wiA 
adequate  to  the  solution  of  a  great  number  of  que 
which  must  necessarily  arise,  if  he  wishes  to  kno^ 
much  of  any  two  substances  he  must  take  to  toaa  a 
he  has  only  to  recollect,  or  to  look  for,  their  equivah 
the  table,  and  seek  a  solution  by  the  rule  of  three.  \ 
the  equivalents  of  the  substances  are  to  each  other, 
the  quantities  of  them  to  be  used.  Should  it  be  an 
to  produce  only  a  certain  weight  of  a  compound,  til 
the  equivalent  of  the  compound  is  to  that  of  either 
ingredients,  so  is  the  weight  of  the  compound  requii 
the  requisite  weight  of  either  ingredient. 

547.  In  order  to  know  how  much  of  the  proper 
rials  he  must  use  to  effect  a  decomposition,  he  ha 
to  employ  them  in  the  ratio  of  their  respective  equiv 

*  See  Appendix  for  a  Table  of  Equivalents. 
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>48.  Moreover,  when  the  proportions,  afforded  by  ana- 
lidoot  harmonize  with  well  ascertained  equivalents, 
Iff  warned  of  the  existence  of  some  inaccuracy,  which 
wy  cases  may  be  safely  corrected  so  as  to  make  the 
b  accord  with  them. 

WoUaston*8  Scale  of  Equivalents. 

<  Th»  instrument  is  so  constructed  that  the  connputation  requisite  in 
be  equTiilentb  i>  pertbrnicd  by  a  sH Je.  It  has  been  mentioned  that 
uvakB£!»  nay  be  cxjirossod  in  any  numbers  having  the  same  ratios  to 
tbr/asihe  l^ast  cmnbining  pro{)ortions  of  the  substances  which  they 
it  Tie  sli(J<*  onabl<s  us  to  adopt  any  such  numbers  as  may  be  con- 
.  Eipal  di^^tancw  i»n  the  slide  give  the  same  ratios  in  diflerent  num- 
K  b;  ojLiving  the  slide,  we  vary  one  equivalent  to  100,  for  instance, 
'  ttjujTalcnts  vary  pro|)ortionably. 

Of  the  Atomic  Theory. 

'IxteanoD  has  be<>n  proved  to  be  infinitely  divisible,  and  it  is  not 
>  suppos*-*  that  the  matter,  comprised  within  any  given  limits,  may 
tiUeof  as  many  sulxlivisions  as  the  space  in  which  it  is  contained. 
fier  hand,  it  is  obvious,  that  mechanical  division  must  be  limited 
f  lerfection  of  the  edges  or  surfaces  employed  to  accomplish  it. 
I' t-re  atoms  chemically  divisible  ad  infinitum,  any  one  substance, 
rnali  in  quantity,  might  be  diffused,  in  a  state  of  chemical  combi- 
n»iJ^iK»ut  any  other,  having  an  affinity  for  it,  however  great;  for 
\t-'tKiii\r  mrhc  laitf.T  ucjuld  exercise  a  stronger  affinity  than  an- 
ifull  U*  uDP'.'isMnriblc  to  suj)poso  that  each  should  not  have  its 
fia:  fm-h  a  (iiilii^ion  is  iinpracticabic  must  be  evident  from  the 
of  *Ji*:  njiiiU-r  (»r  «lolinit<'  proportions  to  which  substances  in 
an-  rr-rr>::<Mi,  as  alna<ly  mentioned  when  upon  the  subject  of 
H*n<>' iN'Mi'iitarv  atoms  are  not  considcTed  as  liable  to  an 
uWivi-ion,  «itljfr  by  clicinical  or  niochanical  ag(;ncy.  (539.) 
J'-  ni'.^rxA  i\if  <  jjiiival'  nt  nuinlx.'rs  are  supiMjsod  to  be  dependent 
hnt'.'^.'il  wiih,  thoH'  of  ihr  wfMirhts  of  the  integrant  atoms  of  the 
\v»  wii>h  tin-y  a|»[)'  i!nin.    'I'hus  the  fact  that  .*W  parts  by  weight 

0  sTtttin''-  a-  niij'-h  <.rany  acid  as  4^  parts  of  potash,  is  explained 
.as  'h.t:  -Ijr  \\i  JLilit^  oi"  the  smallest  atoms  of  those  alkalies  which 
ai»  :•)  ';.rh  <■•!•'  r  :•-  i^J  to  \^. 

1 1««  fi::nr)'  r  J  :-  <  \[i';iiiH'<l  (hat,  when  neutral  salts  are  made  re- 
f/.  .!*-<•«. nri;H.-»-  *'M'-Ii  ctli'  r,  no  «\ress  ofcithcr  ingredi(?nt  is  in  any 
rabi*-.     'l'b«    iiiii'-  111  tjiirate  ni*  lime  is  to  the  [)Otasb  in  an  e<|uiva- 

1  rj[  lb'-  ^'i'|.ha*^'  «  t'  pMtasli,  as  2*^  to  4H,  yet  neither  is  the  lime 
tf  tr.i  takf  tb'-  p!a«"  of  tin*  pr)tash,  n(>r  is  there  too  much  potash  to 
arr-  «,:'  :lj«-  V.inr.  This  result  is  intelligible,  if  we  suppose  that, 
itil:«  ^  jU't  a«l*-<|ii:iff  for  recij>nK!al  (lre()m|K)sition  are  employed, 
I  Hjijril  numlyp  ••!' at«iins  of  each  salt;  the  on<;  containing  as 
u  of  jMAa^li  v\(  L'hiuL'    1"*,  as  the  other  contains  atoms  of  lime 

le  «afiK^  txplaiiatHiii  applies  to  the  fact  that,  while  the  sulphuric 
■rfptiatc  of  prjla^h  is  to  the  nitric  acid  in  the  nitrate  of  lime  as  40 
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to  54,  yet  there  is  neitber  too  much  of  the  latter  i  ir  tooUt^of  d 
mer,  to  prodooe  neutral  OMiqpounds  with  the  baaoi  lo  whidi  thej  m 
▼erally  traoa&necU 

555.  On  account  of  the  hjrpothetical  association  of  the  nninh«% 
senting  the  least  proportions  in  which  bodies  are  known  to  comtins 
the  supposed  relative  weight  of  their  atoms,  those  numbers  ais  • 
known  by  the  appdlation  (tf  aiamie  weigkUy  as  by  that  6[  thtmimi 

Of  Chcmcal  SfaiaU. 

556.  I  shaO  translate  from  Berzelius  an  account  of  the  symbols  irii 
has  devised,  and  which  it  would  be  well  to  understand,  as  tbejr  wffl  A 
met  with*  Objections  have  been  made  to  some  part  of  his  plan,  faoCl 
neral  I  believe  it  will  be  expedient  to  adhere  to  it;  since  whatever  I 
lius  recommmds,  awakens  the  attention  of  chemists  unhersally,  and 
cause  his  symbols  to  be  generally  understood  throughout  the  che 
world.  ' 

567.  ^  We  select  (says  he)  as  83rmbols  the  initial  letters  of  the 
names  of  bodies.  When  the  names  of  several  bodies  have  the  saass  i 
we  add  to  each  a  letter  which  it  has  not  in  common  with  the  rest;  a 
instance,  C  signifies  carlxm,  CI  chlorine,  Cr  chromium,  Cu  cqppOE^  ( 
bait*  When«  nowever,  the  names  of  a  meta^  and  non-metaUie  el 
commence  wkh  the  same  letter,  no  additional  letter  is  added  to  the 
But  when  two  non-metallic  elements  have  a  common  initial,  it  is  aeq 
to  distinguish  one  by  means  of  an  additional  letter.  Thus,  to  dbtii 
chlorine,  bromine,  and  silicon,  severally,  from  carbon,  boron,  and  sa 
the  symbols  of  the  former  are  CI,  Br,  and  Si,  while  those  of  the  lam 
simply  C,  B,  and  S. 

558.  *^  llie  number  of  atoms  is  designated  by  cyphers.    A  OTpber 
to  the  left  multiplies  all  the  symbols  to  the  right,  as  far  as  the  mat  cro 
or  the  whole  formula.    A  little  cypher,  situated  to  the  ri^  ^  *  ^ 
and  a  little  above  its  level,  multiplies  that  symbol  only.    Thus  S'O 
nifies  one  atom  of  hyposulphuric  acid,  consisting  of  two  atoms  of  si 
and  five  of  ozycen;  while  2S'0^  signifies  two  atoms  of  the  saae  aci 
such  cases  as  that  just  cited,  in  which  two  atoms  of  the  radical  are 
with  one,  three,  or  five  of  oxygen,  the  esq^ression  for  the  fonner  wo 
abbreviated  advantageously  by  having  a  specific  sigu  for  a  double 
The  sisn  which  I  have  adopted  for  this  purpose,  is  a  dash  across  the 
part  of  the  symbolic  letter.    Thus  P  signifies  a  single  atom,  P*  a 
atom  of  phosphorus.     Compound  atoms  of  the  first  order  are  exnrefl 
in  the  following  example  of  sulphate  of  copper  Cu  0+SO'*     The 
phate  of  the  sesquioxide  of  iron  would  be  expressed  by  2Fe  0'+IS< 

559.  ^^  It  may  be  expedient  to  designate  the  number  of  atoms  sfc 
by  dots  placed  over  the  letters  symboUp  of  radicals.    Thus  we  may 

nate  the  sulphate  of  copper  by  Cu  S,  the  trisulphate  of  the  aesqwi 

iron,  by  2  Fe  S».** 

*  Iiutetd  of  plaeiii|r  the  dash  across  the  lower  part  of  the  letter,  it  is  gi 
placed  nndet  it,  as  the  former  mode  re<iuiroB  typo  cast  for  the  purpose. 


DBFINITB  PROPORTIONS. 


97 


UMtfAi  AUmie  Weights  of  the  Simple  Ponderable  Substances^ 
together  ttith  their  Symbols^ 

HI  Af  the  atomic  numbers  are  practically  useful,  enabling  us  to  know 
l|Kpoiiioos  io  which  substances  are  combined,  or  in  which  they  should 
ffd  to  produce  compounds,  it  is  advantageous  to  commit  them  to  me- 
ff  «s  far  as  possible.  The  whole  number  of  substances  recognised  as 
Btarr,  agreeably  to  the  present  state  of  our  knowledge,  is  fifty-four. 
itse,  littio  more  than  half  are  of  sufficiently  frequent  recurrence  either 
peculatiw  or  in  practice,  to  make  it  desirable  to  remember  their  num- 
i  I  wiflqurto  them,  therefore,  in  two  distinct  tables.  Those  of  which 
icmlHpisfikely  to  be  rarely  in  demand,  I  have  subjoined  in  smaller 
5.  The  snnl)ols  are  given  in  a  separate  column.  In  obedience  to  the 
■pfc  of  tie  British  chemists,  I  employ  Po  and  So,  instead  of  K  and  *Na, 
leifmiMli  of  potassium  and  sodium. 


■uuo 

■ODV 

■ 
I 


n 


Sjmbol 
Al 
Sb 
As 
Ba 
Bi 
B 
Br 
Ca 
C 

n 

C'u 

F 

Au 

U 

I 

ho 

Pb 

c< 

Cr 

Co 

Ta 

G 

It 

Mn 

Mo 

Ni 


be 


r»  from  ^nm** 
al,  'it  *j^cjfi 


At 
Wt«. 

14 

64 
38 
69 
71 
11 
78 
20 
6 
36 
32 
18 

200 
1 

126 
2S 

101 

:.('> 

4(J 

28 

'M) 

1^5 

:»:> 

2H 

4H 


Lithium 

Symbol 

Magnesium 

Mg 

Mercury 

Nitrogen 

Oxygen 

Phosphorus 

Platinum 

Hg 

N 

O 

P 

PI 

Potassium 

Po 

Selenium 

Se 

Silicon 

Si 

Silver 
Sodium 

So 

Strontium 

Sr 

Sulphur 
Tellurium 

S 
Tc 

Tin 

Sn 

Zinc 

Zn 

Osmium 

Palladium 

Rhfxiium 

Thoriom 

Titanium 

Tun^ten 

Uranium 

Vanadium 

Yttrium 

Zirconion 


Ob 

Pd 

R 

Th 

Ti 

W 

U 

V 

Y 

Zt 


At. 
Wtfl. 

6 
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xprriments  made  by  Messrs.  Petit  and  Dulong,  that  the 
lieatM,  of  all  elementiry  atoms  arc  the  same;  so  that 
Keat  f«f  any  one  congeries  of  atoms  bo  less  than  that  of  another  having 
vet|^ht.  it  If  becaii^r  the  atoms  of  the  one  being  heavier  than  those  of  the 
tre  are  few«r  "f  thi-m  in  the  same  weitrht.  Hence  the  capacities,  or  spc- 
t,  mf  eqoal  roIumeA  of  elementary  substances  are  greater,  as  the  weights 
iMmam  ar*  le«s;  gr>  that  if,  in  the  case  of  each,  its  atomic  weight  be  multi- 
ii  iyecific  beat,  the  product  w^ll  in  general  be  so  nearly  the  same,  that  the 
I  mmj  be  a«cnbed  to  tljc  inaccuracy  unavoidable  in  experimental  investi- 

thi»  highly  important  and  interesting  inference  of  Petit  and  Da- 
D   Btciic  has  endeavoured  to  show  in  an  article  published  in  thd 
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Journal  of  tho  Academy  of  Natural  Sciences,  that  inultipljing  the  equivalents 
twelve  principal  metals  into  their  specific  heat,,  gives  results  so  widely  deviatii 
from  uniformity  as  to  take  all  plausibility  from  the  hypothesis  that  the  atoms  of  ni 
pie  bodies  have  the  same  specific  heat. 

5<>3.  Dr.  Thomson  has  observed  that  this  law  is  more  likely  to  bo  true,  siDCi 
holds  good  without  doubt  in  tho  case  of  tiie  gases;  and  Uiat  if  it  be  true  we  ha 
only  to  divide  the  specific  heat  of  hydrogen  by  the  atomic  weight  of  any  body, 
find  its  specific  heat.  Moreover  that  tho  specific  heats  thus  found  agree  very  nau 
with  those  ascertained  experimentally. 

5G4.  From  the  researches  of  Faraday,  it  appears  tliat  the  quantity  of  Uie  volti 
fluid  given  out  during  the  solution  of  various  metals,  is  in  the  ratio  of  their  atoB 
weights.      It  would  seem,  therefore,  as  if  the  imponderable  atmospheres,  both 
caloric  and  electricity,  are  held  by  atoms  in  the  same  equivalent  proportion. 


SECTION  III. 

OF  SPECIFIC  GRAVITY. 

565.  A  clear  idea  of  speci(ic  gravity  is  indispensable  to  a  chemist.  Gratii 
and  weight  arc  synonymous  words;  but  the  term  sitccific  gravity  \s  use 
to  signify  the  ratio  o^  weight  to  hidk.  Hence  the  object  of  all  the  procesK 
for  ascertaining  specific  gravities,  is  either  to  ascertain  the  weight  of  a  kwm 
bulk,  or  the  bulk  of  a  known  weight;  for  whether  the  substances  wboe 
specific  gravities  are  to  be  found  be  reduced  to  the  same  weight  and  the 
measured,  or  be  reduced  to  the  same  bulk  and  then  weighed,  the  ratio  < 
their  weights  to  their  bulks  will  be  discovered.  If  nnluced  to  the  tame  btU 
and  weighedy  their  specific  gravities  will  be  directly  as  the  weights* 
reduced  to  the  same  weight  and  measured,  their  specific  gravities  will  fa 
inversely  as  their  bulks  thus  ascertained. 

566.  Supposing  a  like  bulk  of  each  kind  of  matter  in  nature  to  be  wc^lii 
ed,  the  rt^sults,  numerically  stated,  would  reprt'scnt  thtir  specific  gravities 
But  since  it  is  not  possible  to  procure  an  exactly  .similar  bulk  of  each  kiiK 
of  matter,  it  is  necessary  to  resort  to  another  mode  of  reducing  their  bulkj 
lo  a  common  mc^asure.  The  method  adopted  in  the  rase  of  solids  ami  li 
quids,  is  to  divide  the  weight  of  a  jriven  bulk  of  each  body  of  which  the 
specific  gmvity  is  to  be  found,  by  the  weight  of  a  like  bulk  of  ^"ater.  Thii 
in  fact  may  be  stated  as  the  general  rule  lor  ase(,'rtaining  s|X}cific  gravilitt 

567.  Thus  on  dividing  the  weight  of  any  bulk  of  copper  by  the  wci^ 
of  a  like  bulk  of  water,  the  quotient  is  9.  This,  ilieretbre,  is  received  ai 
the  specific  gravity  of  copj)er.  By  a  similar  procedure,  in  the  case  0 
silver,  the  quotient  is  10.5,  in  lh(»  case  of  mercury  l.*3.(),  in  the  rase  of  gold 
19.13:  conse(|uently,  these  numbers  are  eonsidereti  as  representing  tb 
siKicilic  gravities  of  those  metals. 

568.  If  the  body  be  liirhter  than  water,  as  in  the  case  of  cork  whidi  i 
only  alx)ul  one-fifih  as  heavy,  the  (piotient,  lx?ing  less  than  one,  is  es 
pressed  by  a  decimal  fraction.  Thus  the  specific  gravity  of  cork  may  b 
stated  to  be  .2. 

569.  The  gravity  of  water  has  In^^n  assumed  as  the  standard,  becaui 
this  liqui<l  may  always  l)o  obtained  sulficiently  pure;  and  it  is  gcnenD 
easy  to  ascertain  the  weight  of  a  (juantity  of  it,  ecjual  in  bulk  to  any  otfal 
body. 

570.  The  weight  of  a  (juantity  of  water,  e(jual  to  the  body  in  bulk, 
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1 11  the*  roMluice  which  the  body  encounters  in  sinkiiig  in  water. 
sev  if  we  can  sseeitain,  in  weight,  what  is  necessary  to  overcome  the 
laee  which  a  body  encounters  in  sinking  in  water,  and  divide  by  the 
li  tfaoi  ascertained,  the  weight  of  the  body,  we  shall  have  its  specific 

U  la  die  case  of  a  body  which  will  sink  of  itself,  the  resistance  to  its 
ig  is  what  it  loses  of  its  weight  when  weighed  in  water. 
U  la  the  case  of  a  body  wmch  will  not  sink  of  itself,  the  resistance 
■mtiag  is  equivalcDt  to  its  own  weight,  added  to  the  weight  which 
be  nsed  to  make  it  sink. 


Demtmgiration  fAuf  the  Resisiamee  which  a  Bodp  eneaun' 
rt  ta  mmhmg  in  any  Liqidd^  Ujutt  equivalent  to  the  Weighi  of  a 
orfiofi  cfAe  lAfM  equaUing  the  Body  in  tmlk. 

fit  Thk  firoportion  may  be  experimentally  demonstrated,  by  rineans  of 
Hysratg  represented  by  the  following  figure. 

574.  The  cylinder,  represented  as  surrounded  by 
the  water  of  the  vase,  is  made  to  fit  the  cavity  of  the 
cylinder  suspended  over  it  so  exactly,  that  it  enters 
the  cylinder  with  difl^lty,  on  account  of  the  in- 
cluded air,  whksh  can  only  be  made  to  pass  by  it 
slowly*  It  must,  therefore,  be  evident,  that  the  ca- 
vity of  the  holk)w  cylinder  b  just  equal  in  bulk  to 
the  solid  cylinder. 

575.  Both  cylinders  (suspended  as  seen  in  the 
figure)  being  counterpoised  accurately  upon  a  scale 
beam,  let  a  vessel  of  water  be  placed  in  the  situation 
of  the  vase.  It  must  be  evident,  that  the  equiponde- 
rancy  will  be  destroyed,  since  the  solid  cylinder  will 
be  buoyed  up  by  the  water.  If  water  be  now  poured 
into  the  hollow  cylinder,  it  will  be  found  that,  at  the 
same  moment  when  the  cavity  becomes  full,  tiie  equi- 
pondcrancy  will  be  restored,  and  the  solid  cylinder 
sunk  just  below  the  surface  of  the  water. 

576.  Hence  it  appears  that  the  resistance  which 
the  solid  cylinder  encounters  in  sinking  in  the  water, 
is  overcome  by  the  weight  of  a  quantity  of  water 

equal  to  it  in  bulk.    It  must  be  evident,  that  the  same 

ril  be  trie  oTany  other  body,  and  of  any  other  liquid. 
RT.  Jbciofiofe. — When  a  solid  body  is  introduced  into  an  inelastic 
14  oo  vith'irawing  it  a  hole  is  Icf^,  which  remains  vacant  of  the  solid 
bat  no  sooner  is  a  body  which  has  been  introduced  into  a  liquid 
than  the  liquicl  is  found  to  fill  up  the  space  from  which  it  had 
amnoicn* 

M.  It  ii  evident  that  the  force  which  liquids  thus  exert  to  re-enter  any 
thorn  from  which  they  arc  forcibly  excluded,  is  precisely  equal 
It  of  a  quantity  of  the  liquid  commensurate  with  that  space; 
the  space  is  n'occupic^l  by  the  liquid,  the  equilibrium  is  restored. 
every  bo<iy,  introducotl  into  a  liquid,  experiences  from  it  a 
aoual  to  iho  \vfii;ht  of  a  quantity  of  the  liquid,  commensurate 
\y  which  would  be  produced,  supposing  the  liquid  frozen  about 
'  split  open  so  as  to  remove  it,  and  tte  fragments  put  together 
the  cavity  thus  created  must  obviously  be  exactly  equal  to  the 
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bolk  of  Ibe  bodj.  It  rollowa,  therefore,  that  the  rendoDoe  whic: 
flocouDten  la  sinking  within  a  liquid,  ia  equivalent  to  the  weight 
thy  of  the  liquidi  equal  in  bulk  to  the  body. 

Method  ^axalaimng  Ike  Speeifle  Gravity  ofaBodyieat 
Water. 
579.  Let  the  glass  stopple,  repreaented  in  tfa 
figure,  be  Ibe  body.     First  counterpoise  the 
meass  of  a  scale  beam  and  weights,  suspcni&g 
metallic  wire.     Place  under  the  stopple  a  ves 
,  water;  at  tbe  temperature  of  00°,  and  lower  lh 
that  if  tbe  stopple  were  not  rensted  by  the  watt 
be  immersed.    Add  just  as  much  weight  as  will 
the  resistance  which  tbe  water  <^poscs  to  the  in 
the  stopple,  and  render  the  beam  again  horizon 
tbe  weight  by  which  tbe  stop]^  had  been  prcvi 
terpoiaed,  by  the  weight  thus  employed  to  sink 
quotient  will  be  the  specific'  granty. 

680.  Rationale. — The  weight  requisitB  to  sii 
pie  measures  tbe  resistance  to  its  being  sunk  in 
and  this  it  has  been  shown  is  equal  to  tbe  weight  ofa  bulk  of  wa 
*  that  of  the  stopple.  Of  course,  pursuant  to  the  general  rale,  it 
cessary  to  see  bow  often  this  traght  is  contained  io  the  we^ht  • 
pie,  to  ascertain  its  specific  gravity. 

Method  <^  aaeertaimitg  the  Specific  Gravity  of  a  Body  ligt 
Water. 

681.  Let  a  small  g^asa  funnel  bo  suspended  C 
beam,  and  counterpmsed  ao  as  [o  be  just  below 
of  some  water  in  a  vase,  as  represented  in  the  d 

682.  If,  while  thus  situated,  n  body  lighter  th 
rmall  cork  for  instance,  be  thrown  up  uudcr  the 

7  equilibrium  will  be  subverted.  Ascertain  how  ■ 
will  counteract  the  buoyancy  of  tbe  cork,  add 
1  weight,  and  divide  its  woght  by  the  sum.  T 
vilt  be  the  answer. 
583.  Jtorionfl/e.— The  force  with  which  the 
I  against  the  funnel,  is  equal  to  the  difference 
/  weight  and  the  weight  of  the  bulk  of  woto'  i 
places.  Of  course,  ascertaining  the  force  wi 
'I  rises  by  using  just  weight  enough  to  countci 
adding  this  weight,  so  ascertained,  to  that  of  t 
have  tbe  weight  of  a  bulk  of  water,  equal  to  the  bulk  of  the  cor 
wMght,  dividing  tlie  weight  of  llie  cork  agTceobly  to  tho  gonci 
speofic  gravity  of  the  cork  will  be  found. 

Method  of  atcfrlaining  the  Specific  Grarity  of  a  Im^ 

684.  Let  tbe  stopple  be  couQler|>oiscd,  exactly  as  as  above  din 
excepting  that  it  is  unnecessary  to  lake  any  account  of  tho  oo 
weight. 

685.  Having,  in  like  manner,  luiccrtaineil  how  much  weight 
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e  pm  liquid,  divide  this  by  the  weight  required  to  sink  it  in  the  water, 
^jwbenl  will  be  the  specific  gravity  sought. 

€  RaticmaU. — It  has  Ik^'H  proved  that  the  resistance  to  the  sinking  of 
.t  ji  aziy  liquid,  is  precisely  e(|ual  to  the  weight  of  a  bulk  of  the  liquid, 
tjrifc  iMilk  of  the  body.  Ascertaining  the  resistance  to  the  immer- 
f  the  same  body  in  ditlercnt  liquids,  is,  therefore,  the  same  as  ascer- 
f  the  weights  of  bulks  of  those  liquids,  equal  to  the  bulk  of  the  body, 
(  coory?,  to  each  other.  And  if  one  of  the  liquids  be  water,  di- 
by  tbe  weight  of  this  the  weights  of  the  others,  gives  their  specific 

.  If  4e  stopple  be  so  proportioned  as  to  lose  just  one  thousand  grains 
ner^oQ  in  water,  division  is  unnecessary  ;  as  the  weight  of  the  liquid 
^  obtaiMd  in  grains,  which  are  thousandths  by  the  premises.  A 
f  nhtaJexa<'tly  of  the  same  weight  as  the  stopple,  may  be  employed 
»unt»^fpi:4se. 

In  :ifc>e  experinvnts,  the  liquid  should  be  as  near  60°  of  Fahren- 
lernrjfljetor  as  possible. 

mtttnfav  AUoktij  for  .icid,  Saline,  and  other  SolmtionSj  and  for  Vegetable 

infusions. 

A  C 


a  f»n«t*nt  wriL^ht  in  ii^od  to  a  certain  extent,  and  the  differences  of 
re  ««inia,tMJ  i'v  the  <;ij;iiitity  ol  tlio  slem  iminersed.  In  those  instruinents 
MXractK'fi  wh^re  s<'vit;i1  wriirJiis  are  employed,  the  effect  is  the  same  as 
ODi«f  th*'  jwlrtjiiienl  were  Icn.rlhciicd  as  many  times  as  the  number  of  the 
ItKkfd  ir*  It 

»ejpr6ce<i»nsr  (  nirraviiii:  roprnsoiits  tliree  hytJronieters,  A,B,and  C, contained 
eSKtf.      B  xtui  ('  ar«'  <>r<rl:iss.  and  A  of  metal. 

i«  atcndfii  \  »t  h<iui«l-  ImnivIit  than  water;  C,  for  those  which  arc  lighter. 
inp  jm«iu»tj'.n  r/.rnnwrjccs  at  that  j><>int  of  the  stern,  to  which  the  instru- 
»  IB  ^KtiH^^i  wat»T  It  must  uf  cruirse  commence  at  the  top  of  the  stem  for 
*T^n  than  w  iter,  and  at  the  bottom  of  the  stem  for  litpiids  h^hter  than 
■  tiK  lAlter  r  i»u».  .1^  in  that  of  Hpirituous  liquors  or  etluTs,  the  strength 
atcr  as  ihr  l-'j-iid  i*  !i;/htpr.  more  of  the  stem  is  immersed  in  proportion  as 
I  m0trnn*y^T]  hut  th»*  i«p|M>site  is  true  in  the  case  of  acid  and  saline  solu- 
■fia^nnf  of  Tecr»«tAhle  matter;  tlio  more  the  stem  emcrires  from  these,  the 
md  •f  course  the  Htronj^er  they  are.  Tiie  instruments  are  represented  as 
llBU^  in  pare  water. 

imwm  hrdmiDeter  of  a  fonn  much  used  in  this  country  and  in  Kngland,  both 
till  inhimoiH  of  ve<:etabh'  matter.  The  stem  i«  virtually  lengthened  by 
•mall  ureijhtH.  wliich  may  be  nlipped  on  and  off  at  pleasure 
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693.  The  whde  diShranM  between  Xht  weight  of  wtler  end  tkat  of  the 
spirit  u  eqaal  to  eboot  two  parti  in  ten.  OT  caiirte,  an  hf  dromstM  Ibr  ifHi 
bBTe  on  !(■  Item  aecale  of  more  than  two  huodrad  parta,in  ordgr  to  give  th< 
gtavi^  of  any  liquid  coniiiting  of  water  and  aleobol.  To  rtndir  inch  gi 
■affieientlj  dmemible,  the  itein  wonld  have  to  be  of  rer;  ineonveiiicni 


Suppoeinc  the  atem  gndnated  into  fiflj  parte,  thiM  weights  would  pve  fift] 
each,  and  die  item  nnloaded,  fiftj  mora.  Were  the  atom  (TadoalMl  iDl»  I 
nineteen  w«iKhti  wonld  give  one  hundred  and  ninetj  parte,  and  the  aten  i 


6H.  Anil 


principle,  ia  naed  for 
and  diatillen,  exeepting  t 
which  eointidea  with  the 
the  hTdrooMleT  ii 
whole  ef  the 


that  the  acala  begins  at  the  top  of  the  stem,  i 


flem  ebove  ila  anrface ,  i 


the  infniion  ia  ttroiig  enough  b 
weigbl  ii  to  be  a<Ued  heavjei 
brin^  the  mdoated  put  of  the  etem  into  the  Tiqoid.  And,  in  liko  maaai 
inAisMD totband  etnani',  weighta itill  heavier  moat  be  added;  the  proca 
petftetljr  taalogaa*  ta,bat  the  cmverae  of  that  deacribed  in  the  ease  of  alai 


pnrpoeelyinai 

water.    The  i 


■,/or  OKarlanunf  the  Speci/H!  Qrmrity  ^  Midt,  ade 
or  lighter  Ham  IPattr. 

S06.  Tim  ai  i  iiMipaiijiiia  i  ill  iae  miiineiirtMinii  iif  Hi 
gravimetai,  tbe  oanatrnctiori  of  arideli  ie  aiAcieDtlj  6 

696.  OntheopperBcaIeortbelBitramMrt,wIiilatfl 
water,  place  aii7bod^,tfae  epooifie  gnvt^of  whkA 
fbmid — a  piece  of  com  for  inrtano    end  add  aa  aae 

--  ••■ no  icaie  aa  will  link  the  naviinAler,  nMil 

made  ia  the  item,  coinaides  with  theawfti 
:oin  ia  then  to  be  tmufeirad  to  the  tea 
and  aa  mocb  weight  added  to  the  Qppor  one  aa  eon 
this  change.  This  weight  is  obTionaly  joit  e^rifele: 
Teeistsnce  which  the  coin  enconalera  in  sinking  h  tl 
Let  Ihia  weight  be  called  A. 

597.  In  tbe  next  place,  tbe  bod*  is  to  be  renofid 
gravimeter,  and  aa  much  weight.  B,  again  added  t>ll 
Kale,  aa  will  cause  the  mark  upon  the  atam  ta  Mhe 
the  aqoeona  Burfice.  Of  tbe  weiebt  &rst  emplom^Be 
need  be  taken;  but  tbe  weight.  A,  and  the  lahhl  B, 
the  second  and  third  aleps  of  the  proceaa,  aie  ■  be  ' 
noted,  and  added  together',  the  sum  of  AandBiatil 
divided  by  A,  the  first  number  noted.  Thia  aunbe 
preaenta  the  weight  of  a  bulk  of  water,  eqnal  B)  bd 
coin;  while  tbe  sum  of  the  numbers,  A  and  B  is  M 
to  the  weight  of  tbe  coin;  since  thit  nj^gn^te  *■ 
been  found  equivalent  to  the  weight  of  the  oaui  in  ril 


gravii 


."iOe.  Should  tbe  specific  gravity  of  a  light  body ,  ni  a  piece  ofeeckfcr  iM 
in  queation,  place  it  on  tbo  upper  scale  af  the  ^raviniGtcr,  load  the  iaaBl 
that  Ibe  mark  on  Iho  item  may  coincide  wilh  tlic'surfacc  of  the  water,  ask 
above  slated,  a  leaden  disk  being  previously  laid  upon  the  lower  scale.  ' 
being  removed,  the  weight  reqaisite  to  caiii|ienii:i[p  its  ahwiirc,  gives  the  i 
the  cork.  This  weighL,  hcing  added  lo  that  which  will  compensate  its  I 
when  immersed  in  water  by  being  pinrcd  licncalli  Iho  leaden  disk  in  the  )w 
gives  the  weight  of  a  quantity  of  wnlcr  rqn:il  in  bulk  to  Iho  cork.  Hen 
namber  of  grsins  representing  the  weight  of  the  rorkbe  divided  by  (hat  tcp 
the  weight  of  its  bulk  of  water,  the  igitoticnt  will  be  the  epecifie  grsvitj, 
this  ca*e,  moat  be  eipreaaed  in  a  decimal  fraction,  as  it  ia  less  than  nnity. 


arKClTtO  GEATITY. 


iMffrntetftrnmngAe  Sptajie  eranty  tf  Gattom  StAmaaeu. 

6S0.  SuMose  the  globe  A, 
TcprcMotea  in  the  sdjoiaing 
figure,  lo  be  removed  from  the 
recdver,  B,  and  cxhBusted 
during  a  temponry  attach- 
meat  to  an  airfump,  by  meain 
of  a  Krew  with  wluch  the 
globe  is  Hirnidied,  and  which 
semv'Blso  to  fasten  it  to  the 
receiTer,  as  r^ieaented  in  (he 
fi^ie^  Beiiw  preserved  in 
this  «Ue  oT  ezhoiution  t^ 
danu  the  cock,  let  il  be  sus- 
pended from  a  scale  beam,  and 
accuratdycouolerpoised,  as  in 
afon]]arexperiiiKnU(71,AEC.) 
In  thai  experiment)  oAer  the 
globe  was  coanterpoiaed,  air 
was  admitted  and  caoaad  h  to 
prepcHMleratfl  decidedly.  I  f  ia 
lieu  of  admittins  air,  the  globe 
d  lo  n>e  si' 


which  it  appean  in  this  figura, 
M  as  to  ba  filled  with  hydro- 
gen innn  the  receiver,  R,  and 
afterwards  once  more  sus- 
pended from  the  beam,  instead 
of  preponderating  decidedly 
as  when  air  was  allowed  to 
enter,  the  additional  weight  ac- 
quired by  it  in  consequence  of 
the  admission  of  the  hydro- 
gen, will  scarcely  be  rendered 
perceptible.  Supposing,  how- 
ever, that  tlie  addltioual  weight 
iptiri  acre  detected,  and  also  (he  weight  gained  by  (he  admission  of 
'Ae^nr.-  balk  <>r  atmospheric  oir,  aAcr  a  similar  exhaustion  of  the 
fct  iR^fa"^  of  '-quat  v.ilumes  of  hydrogen  and  air  would  be  lepre- 
%g  thewt'i^Ri  thus  n^rcrtainud.  The  specific  gravity  of  almosphc- 
btheBil.  inmiiltipl''>  or  fmctions  of  wliicli  the  specific  gravities  of 
■  areupRSR-O.  ll'iicc  iIk:  weight  of  a  given  bulk  of  hydrc^en, 
Ihy  ife  wT'igfat  of  sti  •qua)  bulk  of  air,  gives  the  specific  gravity  of 
^    Bjr  a  similar  prxx-ss,  the  specific  gravity  of  any  other  gas  may 


br 

p 


moAatioi 
lad  fwri  dsiic  riled 


^  the  Air  an  tkc  apparent  IFeiglit  of  Bodut. 

,f  Iho  loM  ol 


ligli),  and  CDDuquont  inaeenrmcy  at- 
I  coiiclupliid  in  Iho  ur,  ii  ■flbrduil  by 
page-  (001,  iu:.) 
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A  Pmmd,  of  FmtintTB  luamer  thorn  a  Pemiiiff  LmL 

601.  If  two  bodies^  one  of  wliich  ii  mort 
than  the  other,  be  found  eqoipooderant  in 
dinary  proceaa  of  weighing  bj  a  balanc 
larger  body  ii  the  heaner. 

w2.  Let  the  bodiee  in  qoeatioa  be  thoae 
■en ted  within  the  receiver  of  an  air- pomp, 
annexed  figure.  On  withdrawing  the 
meana  of  the  pomp,  it  will  be  tonnd  tb 
larger  body  preponderates,  though  piei 
counterpoised  wiUi  aceniacj. 

6(K).  BaHmude. — It  appears  from  a  prece£i( 
tration,  (573,  dec.)  that,  when  any  body  is  sor 
ed  by  a  fluid,  it  is  buoyed  up  with  a  force  in  | 
tion  to  the  weight  of  the  fluid,  and  the  ^ 
displaced  by  the  body.  Of  course,  the  mon 
it  occupies  in  proportion  to  its  wei^t,  thi 
will  its  weight  be  counteracted.  In  the  c 
the  two  bodies  rendered  equiponderant  in  i 
weight  of  the  larger  is  most  counteneted 
air.  Hence,  on  eihausting  the  air  fnm  1 
ceiver,  the  larger  body  abows  a  preimnd 
over  the  other,  eqoiTalent  to  the  sopeiior  i 
which  the  air  had  aflbrded  It 

604.  A  similar  result  may  be  obtained,  if 
gen  be  substituted  im  the  reotiTer  for  atOM 
air;  because,  as  its  specific  gravity  to  that 
air  is  only  as  1  to  14  nearly,  each  body  woi 
13-14th8  of  the  sunport  which  the  air  omI  ai 
but  the  larger  body,  having  receiyed  more,  would  lose  more.  It  follows,  tl 
common  saying,  that  "  a  pound  of  feathers  is  as  heayy  as  a  pound  f^  lead 
short  of  the  truth;  as  thejr  would  really  proye  heavier  were  the  air  reaiowd. 


TMe  iff  t&s  8pte^  QravUuM  of  the  Principal  Permam/ad  Garni:  alm^tko 

of  100  Cubic  Inches  of  each  Qua. 

605.  This  table  is  inserted  here  for  convenient  reference,  not  as  an  object  o 
collectively. 


Air 

Oxygen      -            -           .  -  - 

Chlorine     -            -            -  -  . 
Protoxide  of  chlorine 

Hydrogen               .           .  -  . 
Steam          -            -            - 
Chlorohydric  (muriatic)  acid 

Nitrogen     -            -            -  •  - 

Nitrous  oxide         .            .  .  . 

Nitric  oxide            .            .  .  . 

Ammonia               •            •  .  - 

Sulphurous  acid    .            .  •  . 

Sulphydric  acid  (sulphuretted  hydrogen) 

Carbonic  oxide      .            •  .  . 

Carbonic  acid         .            .  .  . 
Carburetted  hydrogen  (light) 

Olofiant  gas            .            .  .  . 

Cyanogen               .            .  .  . 
Cnloroxycarbonic  acid 

Fluoeilicic  acid      .           .  .  . 

Fluoboric  acid        .           .  .  . 


£ 
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sEcnoir  IV.  ^ 

N  AND  IM800VERT  OF  THE  AERIFORM  FLUIDS 
CALLED  GASES. 

« 

606.  It  appears  from  the  na  of  calorific  repulsion, 
te  solid  ponderable  mal  by  combinioff  with  caloric, 
fat  eipuidsy  neit  meltSi  i  id  ]y  passes  mto  that  elas- 
tic state  oi  fluidity,  in  winch  t  repulsire  power  so  far 
MdomioaleB  over  the  atti  stive,  that  the  particles  recede 
Im  each  other  as  far  a  external  pressure  will  permit. 
Wboi  a  nbstanee  is  natu  |y  aerifonn,  it  is  called  a  sas: 
vki  it  retains  Ae  form  c  r  only,  in  consequence  of  ex- 
tnordioaiy  (238^)  heat,  or  removal  of  (nressure,  it  is 
aled  a  vapour* 

607.  AD  gases  were  considered  as  commcm  air,  variously 
■odified  by  imparities,  until  £hr.  %ck  ascertained  the  na- 
Ine  of  caiDoois  acid  gas.  Incited  by  this  discovery,  oxy- 
ps,  nitrogen,  tnrdrMen,  chlorine,  and  many  other  sub- 
ittces  smc^llle  oT  the  gaseous  state,  were  discovered, 
or  distingmsMt  ^7  Scheele,  Priestley,  Cavendish,  and 
others. 

Qflk  Mart  of  CaBecting  and  Preserving  the  Gates. 

60*.  CiMems  SBod  with  water  or  mercury,  called  hydro-pneumaiic  or 
^'ftfrio'pneawuUm  aooording  to  the  liquid  employed,  are  used  for  collect- 
■I9HE9.  The  vaMeb  intended  to  contain  the  gas  are  filled  with  water  or 
■n^rv.  and  placed,  in  an  iorerted  position,  on  a  shelf,  or  part  of  the  cis- 
^  s-Ated  joft  bdow  the  surface  of  the  liquid.  As  their  orifices  are  not 
^^^  ibcve  the  larfaoe,  they  remain  full  of  the  liquid,  in  consequence  of 
^pv'Qvre  of  theatmoaphere.  (86,  67, 132.)  Any  gas  emitted  under  the 
■<^  dn,  remd^  90  filled  and  situated,  rises  to  the  top  and  displaces  the 
^ifiined  liquid. 


k  Cistern. 

9t.  In  tfe  Appendix  will  be  ibfujid  an  engraving  and  defoription  of  a  hydro-pneu- 

^tKciftcra,  wiiicb  I  emplnyed  in  the  experimental  illnttrations  of  my  lectures  for 

^WttfaaB  Im  yean;  and  which  I  ahonld  probably  contiaae  to  oae  now,  had  not  the 

Niauid  k4  water  firom  the  public  works,  pnt  it  into  my  power  to  diapense  with  the 

^fcBiiwii  for  keeping  the  water  at  a  proper  leyol.     Ai  I  am  now  situated,  any  do- 

^  tf  water  IS  easily  sopplied  from  the  pipes  known  hers  as  the  hydrant  pipes,  by 

"iA  iIm  citr  is  rapplied  with  water;  and  any  excess  ia  earned  off  by  a  waste  pipe. 

M  A  A,  f'aee  op^oeite  cngraTiog)  is  a  water-tight  platform,  surrounded  by  a  wood- 

fta,  R  a  R  ft,  naing  above  it  about  an  inch  and  a  half     B,  C,  T,  are  three  wells 

■.•ttch  in  tke  form  of  a  hollow  parallelopiped,  with  all  of  which  the  cavity 

by  Ihm  rim  eommunicates;  so  that  when  supplied  with  water  to  the  level  of 

■i  pipe,  this  liquid  fills  the  wells,  and  covers  the  platform  to  the  depth  of 

Ikief  mn  inch. 

I^F,  G,  are  shelves,  which  severally  move  in  grooves  over  the  wells,  so  that 
hi  piste d  ia  the  most  oonvenieat  position.    Under  H  is  a  waste  pipe.    At 

14 
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I,  b  k  winch  wUeb  wrrM  to  lat  in  witer  from  the  pnblie  luiWTOtii.  K,  ii  ■  | 
m  emptjing  the  welli  ud  culu,  with  ill  of  which,  hj  bmsh*  of  Mcka,  it  mn 
made  to  comionniMts  when  rmgoiata.  N,  ii  m  caik  which  acts  u  n  ps-holder,l 
iag  ■  eomnmnication  with  ths  ciitaro  for  leltinf  in  wkIoi  ftnin  that  aonrca :  tag 
ficca  being  eoDtroUedbj  Talvoi.  Bj  msaiia  of  aiHpo  procMding  framita  Tsit*!, 
Hi-bolilar  eoomiuiieatea  with  a  piM  or  cock,  at  a,  ftirniahad  with  a  fallowa  aai 
To  thii,  fleiiblo  Isaden  pipai  maj  M  attacbad,  for  tnnAlring  gfa  eilhar  froa 


•eeordiDglj  aa  tba  maanra  within  tha  holdai  ia  iwda  graatar  or  loaa  tbao  that  of 
•tauaphera.  It  willbefraatar  when  tha  Talve  ftrthe  adminion  of  water  taopw 
that  for  letting  it  oat  being  ahat;  and  leaa  wlian  thaaa  circamatanow  ant  Terataai 
612.  Anothat  oaak  with  [Hpea  and  cocka,  nmiUr  to  that  repcMantaJ  in  th*  anp 
ing,  ji  coacealad  bj  the  pannel,  O. 

6ia  ThiicntiffiMikaviewarthelowernda«r 

aliding  iheir,  in  the  wood  of  whieh  will  bo  *aea  I 

oicaTBtiona,  T,  T,  cmTarging  into  two  bolee.    1 

I    abBlf  ii  loaded  with  an  ingot  of  lead  at  I.,tDpm 

\  it  Aon  floating  in  tha  water  of  Iha  ciatMM. 

Mtrciai»-pm4mulk  Citttr*. 
Tha  front  ia  aDp(i 


GI5.  B  B,  la  a  wooden  box,  which  anohMaa  the  reaerrair  ao  aa  to  eateh  anj  et 
metal  which  oiay  be  propelled  over  the  margin  of  the  ciatam.  Thia  box  it  botloi 
upon  atout  piece!  of  acanlling,  tenanted  together  sod  grooved  ao  aa  to  eaoduct 
msrcDrj  towarda  one  comer,  where  there  ia  a  apout  to  cojney  it  into  a  reaael,  a 
ated  ao  u  to  roceiTO  it.  The  eiitem  itseir  ia  made  out  of  a  eolkl  bbek  of  wl 
marble.     It  ia  37  inchee  long,  34  wide,  and  10  deep. 

tilU  Tbe  ladgot,  8  S,  answer  iot  the  ume  purooHi  aa  the  ihelvw  in  the  h;( 
pneumatic  ciatern  deaeribed  in  the  preceding  article.  The  eicavation,  >,  conatili 
the  well.  In  thia  well  vetwiti  are  filled  with  mercury,  in  order  to  be  inverted  i 
planed  while  full  on  the  ledeea.  There  are  aome  round  liolea  in  the  marWe  ler 
troducing  upright  wirea  to  hold  tubea  or  eudionictera ;  alsu  aome  ublong  mwticM 
alluwini;  llie  endaor  tubca,  duly  recurved,  to  be  introduced  under  the  edgea  of  i 
lela  III  be  Riled  with  gaa,  and  in  caaeH  of  rapid  absorption,  to  aSiird  a  paiaage  for 
mercury  into  veaaeli,  into  which  ill  entrance  might  be  impeded,  in  conaefoeMi 
their  cloae  contact  with  the  marble  of  the  reeervuir.  To  fill  thia  IMOrvoir  rc^ 
nearly  COO  pounda  of  ntercnr?. 

Large  Gatomtterfar  Ozygrn. 
CIT,  Tbe  oppofite  engraving  reproeent*  a  aectinn  of  mj  gaaometar  for  a>Tg« 
other  gaaea,  which  ia  capable  of  balding  between  eight  and  nine  cobic  faatoT 
It  ii  repreaented  aa  it  waa  aitnatad,  when  the  drawing  waa  nude,  in  the  caOat  nl 
mjr  lecture  room.  It  ia  now  pUced  in  the  lecture  room  in  front  of  my  laUo, 
one  end.  Tbe  woodon  tub,  V,  ia  neeeaaarily  kept  nearly  full  of  water.  Tbe  c 
drical  vomel,  T,  of  tinned  iron,  ia  inverted  in  llio  tub,  and  auapended  and  cod 
poised  by  Ihn  rope  and  weiglit,  in  luch  uiaoner  nii  to  receive  any  gaa  which 
procued  from  the  orillce  of  tlie  {upe  in  ila  axis,  Thia  pipe,  poaaing  by  toMni 
water-tight  juncture  through  the  bottom  of  tlie  tub,  ia  extended  loacock  fiaed 
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emtT  HAde  in  the  plank  forming  the  rim  of  the  pneumatic  cistern.  Hence  by 
Bnaj  if  thiM  cock,  and  a  leaden  pipe  soldered  to  a  brass  knob,  properly  perforated, 
a''«HUBuucati'»n  maj  be  established  between  the  cavity  of  the  gasometer  and  any 
fltberTf«9el,  for  the  purpose  either  of  introducing  or  withdrawing  gas.  In  filling 
la£i  it0-jtattMr ,  the  copper  vessel  and  belJ  glass,  used  in  obtaining^  nitrons  oxide,  may 
W  fluioyed  adTantageously ;  or  the  counter-weight  being  made  heavier  than  the 
fBHsl  Ny  ipp-^ndin^  additional  weight  to  the  ring,  K,  the  gas  may  be  sucked  in 
froc  t  brD  ^laas.  situated  over  the  pneumatic  cistern^  as  fast  as  it  enters  the  bell 
frn  'i:e  i^nerating  apparatus. 

^*  A*  the  ghM  displaces  the  water  from  the  cavity  of  the  vessel,  T,  the  latter 
kK^-«a<•4i  iiK>re  uaojant.  and  consequently  rises.  When  any  gas  is  withdrawn  or 
ccv''-<'d.  tLe  water  resumes  its  place,  and  the  vessel  sinks. 

•^•»  Oaitf«meten  which  contain  40  or  50,000  cubic  feet  have  been  constructed  upon 
to  7inn*;plir  for  holding  the  gas  from  oil  or  coal.  They  are  usually  hollow  parallel- 
^•pe<i»     The  cpper  vessel  is  irenerally  made  of  varnished  sheet  iron,  the  lower  one 

«  ari^k  wiirk  urcast  iron.     The  space  within  the  lower  vessel,  which  is  included 

W  Uie  zpper  oar  when  down,  is  filled  up,  so  as  to  lessen  the  quantity  of  water  re- 

l^^red.    v2^  article  on  carburetted  hydrogen.) 


INORGANIC  CHEMISTRY, 

OR  CHEMISTRY  OF  INORGANIC  SUBSTANCES. 

OF  SIMPLE  PONDERABLE  ELEMENTS.  THEIR  REACTIONS  WITH 
EACH  OTHER,  AND  THE  RESULTING  COxMBI NATIONS. 

•20.  Ilavbig  in  the  preceding  pages  treated  of  certain  general  properties 
of  pocd^rabifr  inatter,  or  tfiose  moans  of  ascertaining  or  observing  them  of 
»bh  a  kno»lf,-dge  is*  indispeiisal)le  to  a  chemist,  I  shall,  in  the  next  place, 
pprv«*-rj ;,-,  tjj,  cruisidoration  of  ponderable  substances  individually,  and  their 
f^'dr:  r^  :iU']  '\}nib\n:it'nms  with  each  other. 

^••!.  hi  !p^aTin:ror|M»ri<lorabl<;  clcmnits  and  their  multifarious  compounds, 

^-^  •-•  irMnj^ni* nt.'*  Iinvc  been  pursued  by  diflerrnt  writers.     Some  have 

["'•r'-'l  *.  •  :0-,:\ii  with  «krnents,  and  tu  proceed  to  compounds;  others  to  begin 

•'■   ■  .r-  -IT.  s.  nnd  to  protY-<'<l  to  elements.     In  favour  of  the  last  men- 

t.  >-:    . .  r^  ,  ,t  uiav  he  all«i'<.-d,  that  tlie  most  interesting  substances  in  nature 

'•*"  >  Mjowu  \-*  u-  at  tirst,  in  a  state  of  combination.     Thus,  for  instance, 

t.v  u:.  »:iv-r,  ^'i't>,  ar-jds,  alkalies,  also  flc^sh,  sugar,  farina,  and  other  or- 

pi-*  :r^l:jrt^,  vaiuabU* eitlu-r  as  t'ood  or  .'is  medicine,  are  compounds  which 

iz\»  ^**i  nrru'r.'ly  mn«l«?  the  subjects  of  chemieal  inquiry ;  and  it  may  be 

tt>-r^l  'uri!  ^li^'  «.riid«iit  iiiiirht  with  advantage  l)e  induced  to  travel  in  those 

pav.*.  r-:  »hir}ji  viK^of-^-iinl  pursuit  has  led  to  that  chemical  knowledge 

•L'l  .:  .>  •h'-  r.fiju-t  to  impart.     In  this  way  he  proceeds  from  facts  which 

if  »r:-..w*.  :.p  •-u*  h  a<  he  onijlit  to  Irarn,  in  the  order  in  which  he  would 

^•otirK-^-'^'y  advauix*  as  I'ar  as  he  might  Ix"  competent.     Rut  it  may  be 

fl^j-^'-i,  !*n!  TK'  S'K^noT  are  the  ingndients  of  a  l)ody  stated,  than  the  slu- 

te  >  '*.;<r7i^**''\  iv  nanv's,  of  which  he  is  ignorant;  and  which  tiierc  is  an 

■in*c.ai^  a"r'r-<'y  to  cxj)lain.     Ilrnce  it  follows  that  the  ingredients  of  a 

C3irt#  uud  mny  '^'ine  to  Ix'  considered  in  immediate  succession,  when  they 

■■7^%*?  fio  aiia!«cy  with  each  other;  while  it   is  hi;ihly  advantageous, 

iftw  iavm::  tn-ai'd  tt{  am  one  element,  to  pnK'wd  to  that  which  has  the 

gpeatat  aj:ka!<'iry  with  it.     In  tijat  case,  a  certain  [x^rtion  of  the  conceptions 

vfttch^v^  *^y  n  forn¥-d  re^pe^-tinir  one  element,  may  Ix'  extended  to  ano- 

4er,  Wk  Uttlf:  irvntal  exertion,  and  without  much  a<lditi(»nal  pressure  upon 

the 
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622.  The  method  first  mentioned  of  treating  of  each  elementary 
stance  first,  and  afterwards  of  compounds,  is  objectionable,  because  it  a 
be  put  into  practice  efiectualiy.    To  treat  of  the  chemical  habitudes  o 
one  element,  requires  that  we  should  speak  of  other  elements,  in 
with  which,  those  habitudes  are  displayed,  and  respecting  which  a 
is  of  course  ignorant*     In  pursuing  this  course,  each  substance  mm 
treated  of  imperfectly,  or  language  and  illustrations  employed,  whieJ 
student  is  unprepared  to  understand. 

628.  The  course  which  I  have  chosen  is  as  follows.  I  b^tn  with  tbi 
ment  which,  of  all  ponderable  matter,  has  the  most  important  part  aM| 
to  it  in  nature;  I  mean  oxygen.  The  history,  state  of  existence  in  Ml 
means  of  procuring,  and  properties  of  this  substance,  so  far  as  they  cm 
rendered  intelligible  to  a  novice,  are  stated,  or  exemplified  and  exfkk 
In  the  next  place  to  oxygen,  I  present  chlorine  to  attention,  whidi  Ih 
least  as  much  analogy  with  oxygen,  as  any  other  known  element,  aid 
at  the  same  time,  an  agent  of  high  importance.  Having  treated  snaia) 
of  oxygen  and  chlorine,  as  far  as  may  be  expedient,  the  oompounoi  wl 
they  form  with  each  other,  may,  in  the  next  place,  to  a  certain  eilenti 
treated  of  with  advantage.  Then,  guided  by  analogy,  bromine  and  M 
though  inferior  in  importance,  may  be  successively  treated  of,  and  sa 
quently  all  the  compounds  which  they  can  form,  either  with  oxygea  or  e 
rine,  or  with  each  other.  This  system  will  be  followed  in  treataf  ol 
the  elements.  . 

624.  Pursuant  to  this  method,  little  can  be  said  of  fluorine  in  tfaiaec 
appropriated  to  its  consideration,  since  those  elements  with  whidl  ite  i 
interesting  reactions  take  place,  cannot  consistently  be  made  the  ohjai 
attention  under  that  section. ' 

625.  Cyanogen  is,  in  its  properties,  analogous  to  chloriiie^  hron 
and  iodine,  yet  being  composed  of  carbon  and  nitrogen,  sbouU  not  U 
object  of  attention,  until  the  pupil  is  prepared  by  a  knowledge  of  its 
constituents.  Besides,  it  comes  in  consistently  under  the  geneial  hea 
carbon,  which,  agreeably  to  my  plan,  as  above  explained,  comprises 
compounds  of  carbon  with  all  substances  previously  treated  of,  among  w 
is  nitrogen. 

626.  Of  the  fifty-four  simple  elements  universally  recognised  by 
mists,  a  list,  with  their  equivsilent  numbers  and  symbols,  has  already 
given.  (560,  &c.) 

627.  Of  these  elements,  chlorine^  braminey  iodine  a.ud  fiuarim  are  cla 
by  Berzelius  under  the  name  of  halogen  bodies,  or  generators  of  salts;  i 
oxygen,  sulphur,  selenium,  and  tellurium  are  classed  together  undei 
name  of  amphigen  bodies,  or  both  producers ;  meaning  that  they  are 
ductive  both  of  acids  and  bases.  To  the  elementary  halogen  bodiei 
adds  the  compound  body  cyanogen.  I  object  to  this  classifioatioii»  tha 
word  salt  admits  of  no  definition,  reconcilable  with  the  use  which  iias 
made  of  it  by  the  distinguished  author;  and  because,  from  (acts  and 
nitions  practically  sanctioned  by  him,  and  chemists  in  general,  it  it  ev! 
that  the  elements  belonging  to  both  of  his  classes  are  productive  of  i 
and  bases.  Hence  I  have  associated  them  in  one  class,  under  the  apf 
tion  of  bamicigen  elements.  In  honour  of  Berzelius,  I  shall,  howevei 
tain  the  terms  halogen  and  amphigen,  in  order  to  designate  the  eleo 
which  he  has  distinguished  by  those  names.  It  may  be  proper  to  add 
we  owe  to  Berzelius  himself  the  idea  that  any  other  substance  besides 
gen  could  form  acids  and  bases  capable  of  uniting  to  form  salts. 
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wM^t  of  tlie  eiistenoe  of  this  faculty  in  three  of  his  amphigen  ele- 
wtBj  aAfkttif  ideoium  and  tellurium,  is,  I  believe,  entirely  due  to  his 
if0fom»  If  chemists,  myself  among  others,  who  consider  his  double 
^•coaKtiDgof  acids  and  bases,  are  in  the  right,  it  is  to  the  light  af- 
Mbj  ki  briiliuit  discoveries  that  we  owe  the  ability  to  pursue  the  true 

H&  Befae  ooQcluding  this  preliminary  exposition  of  the  classificaticm 
lundaturevhich  1  propose  to  adopt,  I  wish  to  make  it  dear,  that 
tfnlxae  of  producing  both  acids  and  liases,  which,  agreeably  to  the 
i«f  BoKliBiy  is  restricted  to  his  four  amphigen  elements,  is,  agreeably 
■e,  atendad  to  the  elements  comprised  in  both  of  his  classes,  which 
Mseqtaalj  united  under  one  designation,  as  basacigeo  elements.  My 
c^  da«  is,  therefore,  the  amphigen  class  of  Berzelius,  enlarged 
raaeviid  more  descriptive  name,*  so  as  to  take  in  both  of  liis 
fV  <atf  UDphigeo  classes. 

i  In  order  to  render  the  definition  of  a  basacigm  body  precise,  it 
enaoBBtry  that  1  shotild  give  a  definition  of  acidity  and  basidity.f 

/  iUl  proceed  to  give  a  definition  which  to  me  appears  quite 
lory.  It  is  perhaps  necessary  to  premise,  that  a  terHum  quid 
reaiUy  to  the  old  chemists,  a  compound  in  which  the  qualities  of 
ediafti  were  neutralized,  or  so  much  altered,  as  to  make  a  body 
ofactonical  reaction  dififering  from  that  of  either  of  its  ingredients. 
It  ikanSote^n  third  mmethingjB.  ^*  teriittm  q[uidJ*  But  to  proceed 
fioiion;  it  ■  as  follows. 

Wim  ^$m§  compoimds  capable  ijfeombiniw  together' to  form  a 
fvtfi  nd  hating  an  ingreiieni  common  to  Mi,  one  prmre  the 

Ae  filer  tfe  negative  pole  rfthe  toUaic  eeriee^  im  wnui  deem  ihe 
m  octf,  ihehuter  a  haee.X 
Fhus  sulphoric  acid,  (consisting  of  sulphur  in  combination  with 

and  soda,  (consisting  of  sodium  and  oxygen,)  are  capable  of  com- 

fbrm  sulptttte  of  soda,  a  tertium  quid.  Each  of  these  compounds 
onuiioo  ingredient,  oxygen,  and  one  of  them,  the  acid,  prefers  the 
lolc  of  the  voltaic  series,  the  other  the  negative  pole.  It  follows, 
huric  acid  u  entitled  to  the  appellation  of  an  acid,  while  soda  may 
tt  of  a  bsse. 

&,  1  tivttL,  be  perceived,  that  a  basaci^en  element  if  one  capable  of  pro- 
■^  an  acid  and  a  batw,  the  monosyllable  gen  being  onderatood,  in  chemical 
,  «h*n  added  to  a  word  expresnivo  of  a  property,  or  state,  to  signify  the 
yndacin^  that  proi^erty,  ur  state.  ((i33.) 

I  Maae  »  murh  needed  to  convey  the  idea  of  the  basic  property,  as 
MB  ef  the  arid  pr(«(>f  rty,  I  have  ventured,  without  any  authority,  to  em-- 

baaiditr,  which  from  its  analogy  with  acidity,  must,  I  presume,  be 

lillifiUe. 

to  be  udfrstood.  that  I  consider  this  definition  as  only  declaratory  of 
tm  i#cheflBsts,  who  all  obey  the  rule,  although,  as  &r  as  I  know,  excepting 
\  il  baa  navar  been  enunciated. 

a  4aaiB  it  necessary  to  introduce  into  the  text  a  corollary,  which  in- 
Isva  firooi  the  cited  definition,  as  it  woold  unnecessarily  matraet  atten- 

II  Maj  ba  well  before  taking  leave  of  this  subject,  to  say,  that  agreeably 
rtica,  any  body  which  is  capable  of  saturating  a  base,  is  considered 
tliat  so  the  other  hand,  any  body  which  b  capable  of  saturating  an 

to  ht  a  base.     It  is  upon  this  basis  that  the  pretensions  of  the  or- 
'  ~  to  l>c  considered  as  acids  or  bases,  are  founded. 


I 
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OF  INDIVIDUAL  PONDERABLE  ELEMENT^  ^ 

AND  OP  THEIR  REACTION  WITH  EACH  OTHER,  AND  Trij 

RESULTING  COMPOUNDS.  ? 

633.  ClassificaHon. — Of  the  fifty-four  elements  enaBiefl|)i 
ed,  (627,)  eight  being  designated  as  basacigen,  mak^p  im 
cyanogenj  the  compound  basacigen  body,  (629,)  nine  in  •! 
in  the  basacigen  class.  I  shall  designate  the  rest  of  th| 
elements  as  radicals;  subdividing  them  into  me/oi/ic radMi 
and  non-metaUic  radicals.  n 


.^ 


OF  BASAaOEN  ELEMENTS. 

634.  Oxygen,  Cyanogen, 

Chlorine,  Sulphur,  ^ 

Bromine,  Selenium, 

Iodine,  Tellurium. 
Fluorine, 

They  will  be  treated  of  in  the  order  in  which  tlNj  baw 
been  named,  in  the  eight  following  sections.  M 

635.  I  have  ahready  stated  that  in  honour  of  Ihii  i  u\kf!t 
should  employ  his  appellations  amphigen  and  liakii 
There  is,  in  &ct,  a  necessity  for  words  to  distinguish 
bodies  to  which  he  has  applied  these  names; 
from  the  very  great  analogy  between  those  which  are 
signated  as  halogen. 

636. ,  The  student  is  requested  to  recollect  that  chloj 
bromine,  iodine,  fluorine  and  cyanogen  constitute  the 
logen  class  of  Berzelius,  while  oxygen,  sulphur,  sdei 
and  tellurium  form  his  amphigen  class. 

SECTION  I. 

OF   OXYGEN. 

637.  In  the  gaseous  state,  oxygen  forms  one-fifth  of 
atmosphere  in  bulk ;  and  as  a  constituent  of  water  in 
ratio  of  eight  parts  in  nine,  it  pervades  every  part  of 
creation  where  that  important  compound  is  to  be  (bl 
It  exists  in  that  congeries  of  oxidized  matter  which 
call  earth,  and  is  a  principal  and  universal  constituent 
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d  and  vegetable  matter.  Its  combinations  with  me- 
lod  various  other  combustibles  are  of  the  highest 
tance  in  the  arts.  It  was  called  oxygen  under  the 
?ous  impression  of  its  being  the  sole  acidifying  prin- 
from  the  Greek  ofv?  acid,  and  ytffmt  to  generate. 
.  Preparation. — It  can  only  be  isolated  in  the  form 
as.  It  is  yielded  by 'red  lead,  nitre,  or  black  oxide 
ugaDcse,  when  exposed  to  a  bright  red  heat  in  an 
ottle.  There  arc  various  other  means  of  obtaining 
n  gas.  It  is  generally  supposed  that,  in  order  to 
1  it  in  a  high  degree  of  purity,  chlorate  of  potash 
be  employed ;  but  I  have  found  the  first  portions  of 
L?  a?  evolved  by  a  red  heat  from  nitrate  of  potash  or 
e  of  soda  very  nearly  pure ;  and  Dr.  Thomson  al- 
that  this  salt,  by  exposure  to  a  carefully  regulated 
part*  with  one-fifth  of  the  oxjrgen  of  its  acid  in  a 
of  parity ;  or  in  other  words,  it  gives  up  an  atom  of 
^n  lor  every  atom  of  the  salt,  which  is  equal  to  8 
lo  102  parts,  or  rather  more  than  one-thirteenth. 
9.  Prmerties  of  Oxygen. — The  specific  gravity  of  this 
atmoBpneric  air  being  1.,  is  1.1024.  One  hundred  cu- 
Dches  of  it  weigh  34.1872  grains.  In  refracting  light, 
[en  is  inferior  in  power  to  any  of  the  other  gases. 
Ki.  It  15  insipid,  inodorous,  colourless,  and  transparent, 
but  sli:xhtlv  absorbed  by  water,  does  not  differ  from 
Hon  air  in  a[){><'aranc(*,  but  is  somewhat  heavier,  and 
ort>  life  and  combustion  more  actively.  Under  a  bell 
%  filled  with  oxviicn  ija.«,  an  animal  lives,  or  a  candle 
iMarice  a?  loiiir,  as  when  similarly  situated  with  the 
le  quantity  of  common  air.  Oxygen  gas  is  supposed 
OQsut  of  o.xyi^eri  rendered  aeriform  by  caloric.  The 
ivalent  of  o.xygen  is  8,  hydrogen  being  unity. 

.ipp«rat7iS  fur  ol.faininrr  Oryjfn  upon  a  large  Scale. 

I  Ai  n-tr!  .•  a«  rriuc  h  tinjc  and  trouble  are  expended  in  conducting  a  chemical 
»<*  itaill  wralc  aa  ujxm  a  I.irijt'  ono ;  and  as  in  my  oxperinicnts  I  consume 
►^wt-ti**  of  oiyt;tu  iray,  I  have  lately  employed  the  cast  iron  alembic  repre- 
!<■  Utf  Pillowing  tjffurf.  Tor  the  purpf)8e  of  obtaining  the  pas  from  12  or  15 
J^^  *-i»».  Wiirn  \n  operation,  it  in  made  to  occupy  a  suitable  cavity  in  a 
*^'**-  Th^  n^ek  ill  9f>  formed  as  to  receive  a  lari/e  hollow  knob  of  iron,  from 
••fiaWrrei  prorecds  at  rijjht  untjles.  This  knob  is  secured  by  a  gallows 
*IST***^  tiic  trm*  rant  with  the  alembic.  The  juncture  is  to  be  luted  with 
yjfcj  4y  to  a  «atarated  Kolutiun  of  borax.  To  the  orifice  of  the  gun  barrel, 
pipe  If  attaclied.  by  wiiich  the  gas  is  conveyed  to  the  gas-holdera 


T^**  taken  lo  use  no  more  fire  than  will  bring  over  the  gas,  and  the  opera- 
"       ^  'as  eoon  ac  the  impurity  exceeds  tHO  per  cent.     By  attending  to  these 


INOBOAHIC  CaBHIflTBY. 


>.-'■"> 

prodacM,  bj  daflifntioq  with  efaareotl,  K  totanblj  pan  cvboMd  of  pi 

ExperimerUal  IUustraiion$  of  the  Properties  t^  On 

643.  Several  cylindrical  glass  vessels  of  an  i 
shape  being  filled  with  tfae  gas  over  one  of  diej 
the  pneumatic  apparatus,  the  followiog  illustnttl 
energy  of  oxygen  gas  in  supportiug  comb 
ford^. 

644.  Let  a  stout  wire  be  made,  at  one  of  its  e 
brace  a  lighted  candle,  so  that  it  may  be  i 
lowered  into  the  bell  while  replete  with  ozygM.  h  ^ 
be  found  that,  if  the  flame  be  extinguished,  and  fli^CMM 
lowered  into  the  gas  wliilc  the  snuff  remains  red«DtJ| 
ioflanimation  will  be  renewed  with  great  encigy.  ' 

645.  The  vessel  being  replenished  with  gas,  the  Sum} 
a  piece  of  burning  caoutchouc,  let  down  into  it,  ao^iiiv 
dazzling  brightness.  <l 

646.  Let  Homberg's  pyropliorus,or  preferably  soch  i^ 
have  contrived  to  obtain  from  Prussian  blue,  or  taoDO  jgL 
late  of  iron  fall  tlirough  tiie  gas.  During  its  descent  ^ 
pyrophorus  takes  fire  spontaneously,  producing  an  ignev 
shower. 
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IT.  An  analogous  fiery  shower  results,  when  charcoal 

der.or  filings  of  iron  or  steel,  made  red-hot  in  a  cruci- 

are  projected  io  like  manner  into  oxygen. 

18.  If  (by  means  of  a  blowpipe,)  a  jet  of  oxygen  be 

;  to  act  upon  a  lamp  flame,  or  upon  that  of  hydrogen, 

her  pure  or  carburetted,  an  intense  heat  will  be  ex- 

L  (371).) 

i*J.  \n  iron  wire,  being  heated  in  the  flame  thus  ex- 

1  by  oxygen,  takes  fire,  and  continues  to  bum  splen- 

y.  altboogh  the  lamp  be  removed. 

!Mi  in  On/gen. 

C!M,  Pl&cs  OTBi'  the  orifica  of  k 
pipe  communicBtlng  with  >  cock  of 
one  of  the  sii  balden  aupplied  with 
aijgen,  K  giBH  Teaael,  inch  u  u 
uiB^llj  emplojtd  to  shelter  csndlM 
from  currenu  of&ir.     Let  the  upper 


LeBTing  this  «perture  openTbj  turn. 

ing  ihe  kej  nf  the  cock,  allow  the 
ns  to  riw  into  the  venel,  from  the 
holder.  Ne»t  «pplj  •  tsper  to  the 
aperture,  ind  u  noun  u  it  iDdicatei, 
by  an  Incrensed  brilliancf  of  com' 
batliun,  thiit  oiy goii  has  taken  tlio 
place  uf  Ihe  olr  {ircviously  in  the 
Tes^ul,  rover  the  aperture.  In  Ihe 
neit  place,  attach  a  Bmall  piece  of 
■punk  ti<  one  cml  of  a  walch  epring, 
or  III' a  Hpiral  wire  aa  in  the  hgure. 
Ignite  Iho  spunk,  anil  removing  the 
cnvor.  pliinjfO  the  cud  of  the  spring 
lua'iciated  with  the  Bpuuk  into  Iho 
gM  The  accesa  of  the  oxjgcn 
causes  Ihe  spunk  to  liu  ignited  so 
vividly,  that  the  spring  <ir  wire, 
lakes  tire  and  burns  wllh  groal 
BplundouT,  forming  a  brilliant  liquid 
cWulc,  which  scintillates  bcauti- 
illy.    ThU  ginbule  is  so  intensely 


1  fallin 


, ,.8  about  on  the  surface,  ii 

irli  II  cnuws  tiio  naler  to  emit.  If  it  be  thrown  against  the 
i-FsacI,  it  usually  Tuscs  il  without  causing  a  fracture,  and  hoa 
rough  the  glass,  producing  a  perforation  without  any  other 
jena  are  more  likely  lo  be   produced  when  an  iron  wire  is 

■  lk3«ipeniiicBt,tban  whena  steel  spring  is  employed,  aa  tho  fusing  point  of 

tb  ina  ti  higher  than  that  ofstcol 


.Vcfcjnfjr  of  ftrygen  to  a 


■■•ndii  yi.i 
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6GB.  r^rtlhewUtwobrflfUwMiAMidB,     . 

iHJbla  l«adeBppa,meoekiutorT«wi>Kat  C.  SnppoM  A  to  6»  fhciii  orifB^ 
Madleon  tba  pUU,  D,  which  eommanicalM  with  •> air  pomp  |hta  MiflMMi 
■tE.  Ilwillba  fband  tbit  tin  cudle  will  gnduall/  burn  iiiaM4uDlr,ai  wi 
lut  ga  out,  i£  M  Mpplj  of  f^Mh  air  ba  allowed  to  antar  tha  «oaWaiii(  WL  I 
npaating (m •UMunent, tba aii ba  witbdnwn by  mcaaa of  thapwnp, *S*-Tri 
njndlf  aitingoMMd.  'Itii  that  danmutTatod  that  a  candla  wOlaM  bamtava 
MM  iMt  U  MB  bora  onlj  for  a  limitad  time,  in  a  limitad  portion  af  atmoiifatiai 

6S3  If,  wbile  Uw  ball.  A,  ia  eibaoftsd,  the  cock  at  C  be  opaatd,  eoMHi^M 
with  Ibe  raeeiTer,  B,  filled  with  aiTgeo  oTer  tbe  pneanatic  oWlvn,  thawMat 
riaa  into  and  BlI  tbe  reoeiTer,  while  the  ^  will  be  tnuiaferrad  to  tte  hdl. 
mean*  of  the  niTanoJraition  ippmtui  (335),  the  candle  maj  ba  agiii  fifkU 
tha  oijgen,  wban  it  wiO  bum  iplendidlj, 

Comhuliom  nf  Piasjdtonu  ni  Ozyfm  Oaa. 
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i;  ifamnph  it.  so  ka  to  re&eb  about  tfareo  inchn  above  Iha  plate,  there  is  a 
»al  thrcF-tburtliB  of  an  inch  Id  diameter,  open  below,  but  cloaed  abova  by 
'  K^prr  disk  t»  which  it  ia  hard  loldered.  The  tube  i>  faalened  into  the 
)v  1  lirua  acrew  plug,  in  Uie  centre  of  which  the  tube  ia  eoldered.  Hence, 
tlir  bore  iif  the  tube  ia  acceiaiblfl  from  below,  lo  far  up  as  the  concave  cop- 
riijtn  ■urmountu  it,  no  air  can  pass  through  it,  or  thiough  the  cjliuder. 
joui  IwonlT  praina  of  phoaphorug  being  placed  upon  the  copper  disk,  a 
le  u  put  oTtr  it  upon  the  plate ;  and  by  causing  one  of  the  pipes  which  are 
laUraily  lo  t}ic  cylinder  lo  caminunicato  with  an  air  pomp  in  opention,  the 
liuuated.  By  meana  of  tlie  other  pipe,  a  due  quantity  of  oiygen  gas  is 
n  from  the  bell  glaaa,  B,  to  which  this  pipe  la  anneiad.  The  apparatus 
I*  prepared,  the  end  of  an  iron  rod  previously  reddened  in  the  Era,  ia  passed 
:he  bore  of  the  tube  an  d»  to  touch  the  coppsi  disk  which  holds  the  phoa- 
T^  most  vivid  ifrnitiin  cnsnca.  The  ligiit  has  It  first  K  daizliny  beauty, 
■a  -"riton  of  its  beania"  by  thndeiue  while  fumes  of  pbosphoric  scid,  which 
oatnrB  eTolves.  Henco.an  eS'ulrcDGB.  ipproaching  to  aciu  brilliancy,  soon 
a  miysi  illumiiutiun  like  that  irf  the  moon,  rendered  more  pleasing  by  the 

ith  whicli  I  am  accustemod 
It  is  better   that  the  gaa  in  i 

ion  at  first  eicites  a  considerable  efibrt  in  the  i 
lulk,  arising  from  tbe  beat,  may  be  provided  for  by  a 

LbM  bi  retire,  till   the  conden 

plMsir  acid,  compensalea  the  c: , 

bave  perfonncd  this  eiperimcnt,  when  the  density  of  the  gaa  wu  one-half 

if  tas^ilibriowith  the  ilmospheric  pressure.    This  of  coune  obviated  the 

f  etiaj  ill  CO— equcnets  from  expansion. 

CmatnatUm  t^  Saipkur  in  Ozyj^ai  Oar. 


begUea 


1 16  INORGANIC  OHBMISTRT. 

668.  SappcMiiif  the  junotarM  mtde  by  the  pittas,  P  p,  with  th«  iMeifw,  R,  to 
air-tight,  and  that  there  is  a  eommnnication  between  H  and  the  hell  ghiea,  B» 
aaeana  of  a  flexible  leatoi  pipe,  L,  it  mnet  (bliow  that,  wbeneTer  the  enetiaii 
firom  which  the  recurred  pipe,  S,  terminatinf  within  the  bell,  pieeeeda,  la  ~ 


act,  the  air  in  B  being  rarefied,  that  in  R  will  fbice  its  way  through  L,  and  the  lifi 
in  the  Taae  upon  the  atand.  It  mnat  alao  be  evident  Jthat,  if  the  pipe  and  eoek, 
oommnnieate,  ca  one  aide  with  the  receiver,  on  the  other  with  a  reaamir  af  I 
thia  gaa  will  be  implied  into  the  receiyer,  aa  aoos  aa  the  cook  is  opaiiad,  !•< 
reatore  the  eqpUIbnQm  deatroyed  by  the  aoetioii  pemp. 

660.  The  plala,  P,  with  ita  aoppotting  hollow  baaa  cylinder,  haebeei 
aeribed  in  the  preceding  article.    The  tab«.  aonnoonted  by  the  dIriL, 
combuation  ofnhoaphorna,  ia  removed,  and      ita  plaee  a  pieee  of  «  gu 
like  manner,  ftetaned,  ao  that  the  bntt-ekm  mav  ooenpy  the  axia  of  the  < 
The  toachJiole  being  cloaed,  a  perfiiffation.  aimuar  hi  aiie,  ia  drillei  ia 
the  barrel,  at  the  point  from  whieh  the        le  ia  iwreaented 


fignre.    Inoffdertoprodneethiaietof      %,    ed  ao^pfag,  aome  eatlon 

aboat  the  end  of  a  rod,  and  tied  on  i».    ' 

brimstone.   The  gnn  barrel,  daring  a  t 

bottpond,  where  it  ia  perfbrated.    Being 

with  the  ooHoo  and  aolphor,  ia  poahedc 

of  the  iron,  the  aolphor  ia  converted  into'  h,  ■  ot  vaponr,  whieh,  imdag  iap Jpl  I 


the  end  of  a  rod,  and  tied  on  i».    '    a  toft,  thee  made,  h  eoal 
brimstone.    The  gnn  barrel,  doring  a  t        tarv  ramoval,  is  ■wtarf 
bott-end,  where  it  is  perfixrated.    Being  .v—^redinto  Ua  place  ^grfn.  the i 
with  the  eoHoo  and  aolphor,  is  poshediip     » the  have  of  the  hmraL    §^ 


the 


ejperlbratioB,  enters  into  combostion  with  he  oiygen  in  the  nariver.  {  4 
600.  In  conseqfuenoe  of  the  rarelhotion  «»^  the  air  in  the  htSU,  B,  by  mtmmilt 
pomp,  the  fiuaae  of  the  bnming  vaporiied  i  Iphor  ava  drawn  thna^  llMnMN 
the  vase  npon  the  stand,  in  which,  eonseqa«atly,  a  miaad  ■nliitiia  nraiMrtidi 
anlphnroos  aeida  ia  prodnoed.  ^ 

Additional  Bhistration  of  the  Combuttion  of  Suljfimt 

in  Oxygen. 

661.  The  preceding  illustration  has  not  for  two  i 
three  years,  been  exhibited  before  my  class,  yet  pRBomij 
it  might  not  be  uninteresting  to  some  of  the  stiij^ents^ 
this  work,  I  have  not  omitted  it  from  this  editioii  Ll 
terly  I  have  resorted  to  the  following  method  of  aoAibitii 
the  combustion  of  sulphur  in  oxygen,  as  being  eaaer,  ai 
yet  sufficiently  pleasing  and  instructive.  All  the  BtepB  < 
the  process  for  the  combustion  of  phosphorus  in  oxygi 
are  performed,  as  already  described  (651,  dsc^  bat  id  111 
of  a  stick  of  phosphorus,  a  tuft  of  asbestos  soaked ; 
melted  sulphur,  is  placed  upon  the  capsule,  with  a  mini 
piece  of  phosphorus  beneath  it.  The  latter  when  heii 
by  the  incandescent  iron  takes  fire,  and  consequently 
nites  the  sulphur,  with  which  the  asbestos  is  imbued. 
whiteness  and  dazzling  brilliancy,  the  Ught  afibrded  by  d 
combustion  of  sulphur  in  oxygen  is  inferior  to  that  evohn 
by  phosphorus,  when  similarly  situated;  but  this  inferion 
is  compensated  by  the  splendour  of  its  characteristic  pi 
pie  hue. 
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SECTION  II. 

OF   CHLORINE. 

L  As  a  gasy  chlorine  exi  ty  by  artifidal  means; 

I  MM  ingiedient  in  marine  i  t,  in  the  proportion  of 
Effih,  it  eoDstitotes  neaily  fiftieth  of  tne  matter 
oeeuiy  and  is  widely  dii  Dated  throughout  the 
i  wA  MB  the  sea.  u  is  i  i  an  ingredient  in  some 
OMMt  active  agents  used  m  chemistry  or  medicine. 
\  dkoofoed  by  Scheele^  and  called  by  him  dephlogis- 
I  miuaie  acid.  It  afterwards  received  the  name  of 
HLled  muriatic  acid,  or  ozymuriatic  add^  from  La- 
'  mai  the  diemists  who  adopted  his  nomaiclature, 
the  aroneoiui  idea  that  it  was  composed  of  muriatic 
id  QKygen*  Its  jwesent  name  was  ^cd  by  Sir  H. 
firoa  yjuf^  green,  because  its  colour  is  greenish. 
•  Pnpttratkm^ — ^It  is  obtained  by  heating  in  a  retort 
nhici  of  riass  or  lead,  three  parts  of  fabck  oxide  of 
ineie^  with  four  parts  of  muriatic  acid;  or  the  same 
ity  of  tins  oodde,  with  ei^ht  parts  of  common  salt,  four 
of  sa^plmric  acid,  and  four  parts  of  water. 
L  Beng  a  gas,  chlorine  must  be  received  over  the 
NpDeomatic  cistern  in  bell  glasses  or  bottles ;  the  tem- 
we  of  the  water  should  be  raised,  by  adding  a  por- 
oiliiig  hot  As  much  of  it  is  absorbed  if  it  remain 
a  contact  with  the  water,  I  generally  employ  glass 
ft  with  air-tight  stopples,  in  order  that  they  may  be 
ni  from  the  water  as  soon  as  filled.  Berzelius  al- 
dbt  if  the  water  employed  be  saturated  with  salt, 
is  \tm  absorption. 

L  Jhrs  or  bottles  may  be  filled  with  chlorine  gas,  by 
I  of  a  tube  or  retort  beak,  as  in  fig.  1,  of  the  follow- 
^giaring,  reaching  from  the  generating  vessel  to  the 
a  of  that  into  which  it  is  to  be  introduced.  The  air 
pheed  by  the  chlorine,  in  consequence  of  its  superior 
tf,  without  any  admixture  ensuing  adequate  to  inter- 
iidi  the  exhibition  of  its  characteristic  properties. 
L  When  substances  which  take  fire  in  the  ^as  are  to 
ipsitoedf  it  is  expedient  that  a  communication  should 
iliih  the  ins^e  of  a  bladder  attached,  as  in  the  fol- 
■[  %mreBy  n  uch  represent  apparatus,  of  which  fig.  1 
■i  aed  for  the  combustion  of  metallic  powders,  fig. 


nmOAiaO  CHEMBTBT. 


3  for  that  of  phosphoniB,  introduced  by  meaas  of  tb 
cDeL. 


Fig.l. 


667.  Propei^ea, — ^Wheo  pure  and  dry,  cblorhw  is  a 
manoit  gas  of  a  greenish-yellow  colour.  Its  weig^ 
that  of  Common  air,  is  nearly  as  two  and  a  half  to 
Even  when  existing  in  the  air  in  very  small  pn>porti( 
is  intolerable  to  the  organs  of  respiration,  and  to  re^i 
pure,  would  quickly  produce  fatal  cooscqueoces. 

6G8.  Mr.  Faraday  has  shown  that,  under  great  {hcs 
chlorine  becomes  a  liquid.  It  will  remain  liquid  sum' 
stants  after  all  pressure  is  removed,  in  consequence  ol 
great  cold  produced  by  its  evaporation. 

G69.  That  species  of  chemical  action  which  is  atte 
with  the  phenomena  of  combustion,  is  supported  I^ 
gas  with  great  energy.  It  combines  directly  with  c 
combustible  except  carbon.  It  has  a  curious  property, 
noticed  by  me  I  believe,  of  exciting  a  sensation  of  war 
though  a  thermometer,  immersed  in  it  at  the  same 
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IBOC  indicate  that  its  temperature  is  greater  than  that 
ke  ad/ouiiDg  medium.  The  heat  thus  noticed  is  proba- 
produced  by  a  reaction  with  the  matter  insensibly  per- 
d 

9.  Chlorine  is  absorbed  by  water,  and  the  solution 
wwerfiilly  on  metals.  It  appears  to  be  the  only  sol- 
>f  gold.  At  the  temperature  of  40°,  it  forms  with 
a  solid  hydrate,  consisting  of  1  atom  of  chlorine, 
>  atoms  of  water.  Silver,  in  solution,  is  the  best  test 
orine;  and,  reciprocally,  chlorine  is  the  best  test  for 
red  silrer.  The  compounds  of  chlorine  with  mer- 
5r>  Useful  in  medicine,  will  be  treated  of  when  on  the 
t  of  that  metal.  When  the  aqueous  solution  of 
le  iff  exposed  to  the  solar  rays,  it  forms  muriatic 
nih  the  hydrogen  of  the  water,  while  the  oxygen 
5.  It  bleaches  by  liberating  the  oxygen  of  water, 
iius  enabling  it  to  act  on  the  colouring  matter. 
igh  it  ba£  no  direct  reaction  with  oxygen,  when  in 
lascent  state,  these  elements  unite  to  form  four  com- 
s,  all  of  which  are  now  considered  as  acids. 
..  About  thirty  years  ago,  chlorine  gas  was  univer- 
conadered  as  a  compound  of  muriatic  acid  and  oxy- 
lod  called  oxymuriatic  acid.  It  is  now  deemed  an 
irtaiy  substance,  rendered  gaseous  by  caloric. 

lerimental  Illustrations  of  the  Properties  of  Chlorine. 

L  Leaves  of  Dutch  gold,  introduced  by  means  of  a 

rod  into  a  bottle  of  chlorine,  take  fire. 

3.  Caloritic  influence  upon  the  fingers  compared  with 

upon  a  lliemionicter. 

I.  \n  infusion  of  litmus  whitened  in  descending  in  a 

31  through  llie  gas  from  a  funnel. 

u  A  lighted  candle  introduced,  burns  with  a  carbo- 

QS  flame. 

Camffustiim  of  .Intiiiunnj  in  Chlorint . 

Whtu  an  air  piiiup  !•<  at  hand,  the  foHowirij^  ai)|)<irutus  may  be  used  for  the 
Ml  of  povdered  antiuiony.  It  coiisiHts  of  a  larL^-  yir  closed  air-tiglit,  and 
Ml  ioiUiie  fcrcw  ri>d  and  [date  frame  described,  {'•i-l'^  ) 

^mammm  of  one  of  the  6exiblo  pi|>es  and  cocks  with  which  tlie  apparatus  is 
■«MHBsnication  may  be  made  witli  an  air  pump,  and  with  a  larire  vessel, 
cklorino.     Into  the  centre  of  the  lid  a  cock  is  fastened,  the  key  of 
ring  perforated  as  usual,  is  <lrillcd  onlv  half  throuirh,  so  as  to  pro- 
capable  of  holding  a  tliiuiblcful  of  powder.     The  cavity  in  the 
mrgcd  with  pulverized  antimony,  which,  on  turning  the  key  half 
the  cblonnc,  and  as  it  falls  ajssunicri  tho  appoarauco  of  a  shower 
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G7S.  Id  tbia  eiperimcnt,  Ibe  clilorine  forms  wilb  the  antimouj  ■  compon 
has  leai  cipitcit;  for  caloric  and  light  Ihtn  itii  ingrcdicals  bsve  wpontclj. 
by  Ihoir  combination,  the  nhenamena  of  combustion  arc  produced.  The  j 
the  combuition  is  ibe  perchloiide. 

Apparattii  for  Ihe  CombuslioB  o/Mttaltif  Uaf  in  CUoritu. 

(;T!I.  The  apparatus  used  in  this  cxpeHiiirnt  (See  lig.  1 ,)  differs  but  iilU* 
one  above  represented,  (677,  Ac.)  being  tbo  same  as  that  described  in 
(341,  like.)  excepting  the  funnel,  which  is  unnecessary  in  this  case. 

G&\.  Into  the  lower  end  of  the  cock  a  rod  of  iron  is  screwed  fait.  Thb 
sucb  dimenaiona  as  to  extend  from  the  lop  lo  the  buttom  of  tbe  receiver,  a 
ported  within  it,  ao  as  to  be  in  its  aiia  or  every  wlicre  equidistant  from  th 
Ilcfijre  fastening  the  plate  into  tbe  situation  in  which  it  is  represented  in  t 
it  must  be  bfted  in  order  to  atlach  the  leaf  metal  to  the  rod  with  the  ti 
arabie.  The  arrangomenta  being  so  far  completed,  the  cyhndricaj  raceiTi 
been  exhaualed  by  means  of  the  air  pump,  tbe  cock,  reflating  tbe  CODUI 
with  tlial  inslrament.  is  to  be  closed,  and  tbe  other  which  conlrola  tbe  ei 
the  gas  is  to  he  opened.  By  thean  means  the  leavei  burn  splendidly,  bein, 
neoualy  enveloped  in  an  atniaaphere  of  chlorine,  which  rushea  in  to  aupp 
cuuni  caused  by  tbe  air  pump. 


ffll  'ntneUllic  Imtm  being  nuspcndod  from  the  pUlo  which  cli 

■  tbi  M  beinf  eibm^lcd  of  air  by  means  of  Ihc  pump,  chlorine 
tM  imta  ■  bj  tbc   gluq  cock  from  the  b«ll  glui,  A,  praiiDiul 


I  the  bcU,  B, 
iudd?nly  td- 

iDlulj  nippUed  with 

Spmlantoia  Comhuttim  of  Fhotphorui  in  CUtnvu. 
Bl  The  ifnn  at  the  top  nf  the  ncil  page,  is  inleoded  to  convej  aa  idea  of  the 
Hmwkii  iBflunoiitiun  of  phoiphonu  in  chlorine,  bjmenni  of  BiiipparatUB  whicli 
Um  tha  iKiurer  la  jirrfnrui  tbo  eiperimeol  without  eipoaing  •pectatora  to  the 
^  Let  ihre  be  a  cibndrical  gliss  veuel,  eight  or  nine  incbe*  in  distuetar, 
'  ikol  a  loDt  in  hcicntf  »'ilb  a  neck  about  four  inchei  liigh,  and  tie  aod  a 
r  ifhaa  in  bore :  Ihi:  nhi'lo  resembling  a  large  decanter  without  a  bottom. 
W  tb*  onfice  of  Uii'  neck,  let  there  be  ccmcatetl,  airtight,  a  brua  cap,  lur- 
■M  hj  a  ituffini  brii,  ond  having  on  one  side  a  hole  communicating  with 
tmkj  el  tl»  neck.  This  ajarturc  mu.t  be  furnished  with  a  acrew,  by  which  it 
rttafaaad  of  clowd  it  plcaiure.  Through  the  sluSing  box  a  copper  rod  paiMi, 
HllMraBd  nf  which  a  glnsi  or  leaden  iluppio  is  so  ^xod,  as  to  close  the  low- 
M«f  the  BTck,  into  wlnr.b  it  ii  gnmad  lo  lit  air-tight.  Over  tliin  stopple,  a  cup 
MrkvaUered.MasIobuconrcDliic  with  the  rod.  The  rod  term ina lei  abova 
tnalla.  Withio  the  cup.  let  ten  or  fifteen  graina  of  phoaphoru*  be  placed. 
tilmt^  aJbctnd  when  the  cap  and  plug  nio  depr«asad  into  lite  lower  pait  of 
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tta  e^ntj  (f  tba  Tsari,  bj  >  raiubte  moTcmeut  of  the  ttidinx  rod.  In  tb 
bIbcc  dimw  w  tba  enp  uid  plna  mto  th«  Deck.  »  u  cearlj  bal  o^^l  vntinlr  ' 
It,  and  unk  tM  Toael  ioto  Uie  iriipr  i>f  the  pD«u:aat;c  ct*tem  UDIil  all  thr  iii 
the  Deck  ij  cipelled  thron^b  the  hole  in  the  «ide  ol'  it.  which  n  then  to  Iw  rl 
meuu  of  the  tcrew,  uu]  the  plug  twilled  ind  dnwn  :nti>  itj  plice.  >d  •■  la 
ti^bt.  After  fiUinjr  the  bodj  of  the  Tc»cl  thiu  with  iratcr.  p'i--e  it  npoB  the  ■. 
the  cistern-  Chlorine  mic  now  be  alloved  to  ocoapy  th»^e-tbD^tiu  of  ibi 
within  the  TPHel  below  the  plui;.  Th?  priveE<  bein;  »  Iir  aivmced.  it  a  '■■ 
ce«io.  at  Ihe  momeal  wben  il  i)  lie^inble  to  pr.xiure  tbe  combustion,  to 
the  plog,  and  of  contie  the  cap  ifsoc:i<fd  v.'Ji  i'.  C'rnuia.n^  :be  phosphor 
tfaeoiitj  ■oppUed  with  the  chlorine.    The  pli'i^h.Tui  t-va  barat  litirtlr.x'. 

feebfe  light  Tbe  iocreiMd  lempe.ifir*  con-Kiiuea;  t'  the  comt 
tbe  ni  to  eipuid.  but  n"t  *i  much  a*  t.i  I«c-ine  t^vi  bu'.iy  tj  be  reUii 

Id  Uii*  caie  tbe  chlorine  lormaa  chloride  i~l'ph<'^;'faon».  which,  lacctii 
w^ter.  il  decomposed  into  phosphoric  and  ci'iriat:-:  iL^idf.  Bv  tmi«fetT;D^  the 
■fler  it  IJ  lOppUed  with  chlorine,  lo  a  clean  poroe:ua  cr  ilass  dufa.  (otcr 
pare  water,  toe  product*  of  this  combustion  mijht  be  taTcd.  and  wmild  of  en 
creue  in  proportion  to  the  quanlitv  of  phofphiTds  and  rh!<'r.ne  emplond 
larger  icale,  this  proce«  niijhl  be  rej-Tted  (■>  siivar.;i;c  -us'.v  for  the  ^oer 
phoaphortc  acid,  which  is  priiuceJ  when  thi-  prop.'  '      '  ""  " 


6M.   In 


u  cobk  iDclie*  for  e' 


tTj  grain  ofphoepboru 


f>ftkt  Compotaids  of  Chlc-rine  vich  Ort/cf-'.  i 

Ikete  Compounds  and  othtr$jWmtd  vit\ 

6*5.  Consistpnil V uith  thf  French  n.^r,i"n-.-!nti 

by  oxygen,  chlorine,  bruniJDc,  io<l;ni\  r.ii  t  ::  !■ 


.'  cf  tkf  yommela 
•  Busttcigen  Clati 

.  !h'.'  i-finbioatkiDs 
r.-.  «;!h  other  ol. 


:  been  dLiii[)guisli<.->l  as  acidt.  .ir  ch.iriciffizi  ■.!  '-y  a  li'miina 
"  ide,"  or  JD  "  wv,"  which  last  moDosvlIaMe.  wht-n  then?  has  been 
teatioii  of  altering  the  meaning.  Iia?.  by  tlic  Briiish  .jhcmiits.  been  tni 
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jiti)  KfdL  The  termination  in  idcj  which  is  common  to  both  languages,  is, 
b)  Tbc&Brd,  and  other  eminent  French  authors,  restricted  to  the  binary  com- 
I'Mhds  of  oxygen  which  are  not  acid.  Analogous  compounds  formed  with 
tie  halogen  elements,  chlorine,  bromine,  iodine,  fluorine,  cyanogen,  &c., 
hst  ly  the  same  writer  been  designated  by  the  termination  in  ure.  Thus 
«;ruve  in  his  work,  chlorurcs,  bromures,  iodures,  fluorures,  and  cyanures. 
S)uie  of  the  most  eminent  chemists  in  Great  Britain  have  distinguished 
'ie  ekinenls  called  halogen  by  Berzehus,  together  with  oxygen,  as  sup- 
port rs  of  combustion,  and  have  designated  the  binary  compounds  made 
«:!b  \\¥:tsu  wlien  not  acid,  by  the  same  termination  as  the  analogous  com- 
pncind^  4jf  osvfsen.  Accordingly,  in  their  writings,  instead  of  the  names 
3>>vf:  mentioned,  we  have  chlorides,  bromides,  iodides,  fluorides.  In  Hen- 
r{>  Ct>:inistn',cyanure  is  represented  by  cyanide;  in  Thomson's,  by  cyan- 
wii.i.-:  and  Id  firande's  and  Turner's,  by  cyanuret.  I  shall  follow  the  prac- 
ur^ot'the  British  chemists  in  the  case  of  the  four  first  mentioned  com- 
p^u•i^,  extending  it  to  the  compounds  of  cyanogen,  as  Henry  has  done. 

♦i*^  TIk3c  rules  of  nomenclature  will  be  considered  as  extending  to  all 
th*  asai'i^'frn  class.  Of  course,  the  compounds  of  sulphur,  selenium  and 
'•  /^riirn.  when  not  acid,  will  be  designated  by  appellations  tenninating  in 
i'i^  In  ilea,  therefore,  of  gulphvret^  selenurei  and  telluret,  I  shall  in  com- 
mit villi  Berzelius,  employ  the  words  stjphide,  selenide  and  telluride. 

COMPOUNDS  OF  CHLORINE  WITH  OXYGEN. 

'With  1  atom,  or  ]  volume  of  oxygen,  or  hypochlorous 

acid, 44 

With  4  atoms,  or  2  volumes  of  oxygen,  chlorous 

acid, 68 

With  5  atoms,  or  2 J  volumes  of  oxygen,  chloric 

ncid 76 

With  7  atoms,  or  3^  volumes  of  oxygen,  perchloric, 

or  oxychloric  acid,  .         -         -         -         92 

Of  Hypochlorous  Acid. 

^.  TTiis  compound,  of  which  the  ingredients  are  stated  above,  (687,) 

"gfiyrateti  by  the  rtartion  of  chlorine,  with  an  excess  of  finely  pulverized 

f*"nixik  «>r  ri>-rour\',  susjK'nded  in  pure  water  by  agitation. 

^^"ft.  V,\  'Ik^*  nv^ins,  the  chlorine,  agreeably  to  the  4th  case  of  afiinity, 

('''*3.\i-,)r.irni,in«.^  with  both  thf  oxyj^cii  and  mercury,  forming  two  com- 

p-iii'l-,  a  Lii.'hl»iri<l<'  of  riUTCury,  ami  a  protoxide  of  chlorine,  or  hypochlo- 

'^'ifc"  aci^.  which  'ii>>olvcs  in  the  water.     The  bichloride  combines  with  a 

po.l..fl  frf  tJi*^   und»M-oni posed  hioxidc,  and  forms  a  kind  of  combination, 

pD^n'^.'iilv  <i\i  sit^nat«'<l  a^  Mxvchloride,  irulicatini'  that  a  substance  so  called 

ooD!C:^  of  Tin  oxi'K  and  a  ohioride.     The  oxyrhloridc  formed  in  this  case, 

Wngainv^  insoluMe,  i^  separated  by  filtration.    A  more  concentrated  so- 

latio  t,t  t\tr:  Hc'ul  is  pmcured  by  suecessiNe  distillations,  in  which  as  little 

hat  :is  fi^jN-ihle  should  \n>  used,  and  preferably  it  should  be  accomplished 

hj  '-iiri.iitshfii  pn-ssure.* 

Wl.  Properties  of  Hypochlorous  Acid, — The  aqueous  solution  of  hy- 
pocLlorou«  arid,  rr^ultin:;  from  tin?  al)ovc  descriljed  process,  is,  when  con- 
It  in  Colour  slightly  yellow,  with  an  odour  strong  and  penetrating. 


6*7.  1  atom  or  1 

*o!,iof»  of  chlorine' 

I'Valcct  36. forms 


Far&»  purpose  of  «li>t illation,  l»y  reduced  pressure,  the  apparatus  represented 
^amtribta  in  pa?e  W,  (:?!»•».)  mijrhl  be  used,  substituting  a  second  ana  third  re- 
wril  wfri^ef  ated,  for  the  vessel,  B,  and  tlic  bottle,  C.  (1^9) 
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resembling  that  of  chlorine,  but  yet  differing  therefrom  perceptibly;  upoo 
the  skin  its  efibcts  arc  similar  to  those  of  nitric  acid,  but  more  active.  Ill 
bleaching  powers  arc  eminently  great.  It  is  so  much  prone  to  deconipotti 
don,  as  to  undergo  that  pfocess  spontaneously  at  ordinary  temperaturei^ 
being  resolved  into  chlorine  and  chloric  acid.  This  change  is  accelcralei 
by  light,  and  ensues  immediately  from  direct  exposure  to  the  solar  rajii 
Bodies  full  of  sharp  corners,  (the  fragments  of  powdered  glass,  for  inatanoe,) 
when  thrown  into  the  liquid  acid,  are  productive  of  an  evolution  of  chloriiiB 
with  brisk  eflervescence.  The  oxydizing  powers  of  this  reagent  are  pow- 
erful but  various,  being  most  active  with  non-metallic  elementary  radicaliv 
such  as  sulphur,  phosphorus,  and  selenium.  Each  of  these  it  readily  satu- 
rates with  oxygen,  and  likewise  iodine,  and  bromine,  which  are  thus  seve^ 
rally  converted  into  bromic  and  iodic  acid.  Its  reaction  with  gold  and  pla- 
tinum, is  but  feeble,  but  with  iron  and  silver  energetic.  The  former  is  ooo- 
verted  into  an  oxide,  the  latter  into  a  chloride,  while  in  the  case  of  the  one, 
the  oj^gen  escapes,  in  that  of  the  other  the  chlorine.  Mercury  it  conveitB 
into  an  oxide,  and  a  chloride,  which  form  an  oxychloride,  by  imitijig  in 
their  nascent  state. 

Of  Gaseous  Hypochlorous  Acid. 

691.  Balard,  to  whom  we  are  indebted  for  our  knowledge  of  the  facts 
above  stated,  was  successful  in  procuring  hy))ochlorous  acid  in  the  gaseous 
form,  by  introducing  into  a  concentrated  aqueous  solution  over  mercury* 
anhydrous  nitrate  of  lime  in  successive  portions.  By  its  superior  afimity 
for  water,  the  nitrate  causes  the  evolution  of  the  acid  in  the  aerifonn  state, 
the  mercury  being  protected  by  the  interposed  solution  of  the  nitrate. 

692.  Properties  of  Ckiseous  Hypochlorous  Acid. — The  gaseous  hypo- 
chlorous  acid  much  resembles  chlorine,  in  i)o$sessing  a  greenish  yeilov 
colour.     Water  absorbs  100  times  its  own  volume  of  it. 

693.  A  slight  increase  of  temperature  is  sufficient  to  cause  hypochlorous 
acid  to  detonate,  and  though  less  explosive  than  chlorous  acid,  it  is  apt  to 
explode,  when  an  cflbrt  is  made  to  transfer  it  from  one  bell  glass  to  another. 

694.  Its  composition  was  ascertained  by  Ralard,  by  analyzing  the  gas- 
eous product  resulting  from  its  explosion,  hy  which  it  was.  found  to  consist 
of  one  volume  of  chlorine,  and  half  a  volume  of  oxygen,  as  already  stated. 
(638.) 

Of  Euchlorine  or  Impure  Chlorous  Acid, 

695.  In  the  last  edition  of  this  work,  euchlorine  was  treated  as  a  prot- 
oxide of  chlorine,  but  it  was,  at  the  same  time  m(^ntioned,  that  doubts  ex- 
isted whether  the  gaseous  substance  known  by  this  ap|>ellation,  might  not 
be  a  mixture  of  chlorous  acid  with  chlorine.  These  doubts  appear  to  have 
been  succeeded  by  an  affirmative  conviction,  and  acconlingly  1  have  omit- 
ted the  name  from  the  list  above  given,  of  the  definite  compounds  of  chk>- 
rine  with  oxygen. 

696.  Euchlorine  is  obtained  by  heating  gently,  in  a  small  glass  rctoit, 
equal  parts  of  strong  muriatic  acid,  water,  and  chlorate  of  potash.  The 
retort  should  only  be  subjected  to  the  flame  of  a  small  spirit  lamp,  or  an 
inflamed  jet  of  hydrogen,  which  should  be  so  situated  as  not  to  heat  the 
body  of  the  retort  above  the  part  containing  the  \u\uk] ;  as  this  may  cause 
an  explosion.  It  is  advantageous  to  inter|X)se,  as  a  support  lor  the  retort, 
a  plate  of  tin,  having  a  circular  a|)erture  of  about  an  inch  and  a  half  in 
diameter.  By  these  means,  the  apj)lication  of  the  heat  may  be  sufficientlj 
restricted. 
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697.  The  pas  may  be  rocoivcil  over  mercury,  although  not  without 
iBcc-nvTDp'Dcc;  sincft  by  its  (lrrom[)Osition,  in  cons<?qucnce  of  the  large  pro- 
j«>itioB  of  fret*  clilufinc  witii  which  it  is  associatod,  the  mercury  is  super- 
fida! IV  converted  into  u  subchloride.  But,  while  the  covering  thus  formed, 
pniftKts  the  surface  of  the  metal  from  Jurther  erosion,  it  also,  by  coating 
tile  ioKrnai  surface  of  the  glass,  hides,  more  or  less,  the  remarkably  deep 
p««^Oish-ydlow  colour  of  the  gas  from  the  eye  of  the  spectator. 

*)9H.  Ajrrcably  to  Soubieran,  when  the  gas  thus  obtained  is  passed 
tfanKJsh  a  lube,  replete  with  j)roto<rhloride  of  mercury,  (calomel,)  this 
chi'»rvie  afafiorbs  an  additional  atom  of  chlorine,  and  thus  brings  the  chlo- 
rci  acid  to  a  state  of  purity.  The  rationale  of  the  evolution  of  the  mix- 
u;re  kaowa  as  cuchlorinc,  seems  to  be  as  follows.  By  double  elective 
ifinity.  ihtre  is  a  reciprocal  d(r<*omp<jsition  of  the  potassa  and  chlorohydric 
ici'l,  caiis»ing  the  separation  of  the  chlorite  acid,  containing  five  atoms  of 
•jxyw-Ti.  Coow-quently,  by  the  ninction  with  these  atoms,  a  further  dehy- 
drr-cin^on  of  chlorine  ensues,  causing  a  {)ortion  to  be  set  free,  while 
u^tirr  fiorti«)Q  retains  enough  oxygen  to  constitute  chlorous  acid. 

ProcesJiJor  elaborating  pure  Chlorous  Acid  directly. 

6^.  Pure  chlorous  acid  is  obtained  by  distilling  one  part  of  chlorate  of 
p*~^^i,  {[isiti  into  a  mass,  at  t}ie  bottom  of  a  small  glass  retort,  with  about 
3i  parts  of  concentrated  sulphuric  acid,  and  receiving  the  gaseous  product 
ox^T  uptcixry.  The  evolution  of  the  gas  takes  place  without  heat  at  first, 
*«t  Vf  be  completed  requires  a  temperature  near  to  140®.  This  should  not 
U:«r\«*iil»^J,  and  the  heat  sliould  lye  n-stricted  to  the  bottom  of  the  retort,  as 
in  \\¥-  c-i'w:!  'jf  euchlorine.  Th<^  process  is  replete  with  danger,  as  from 
^li  Vr;.  r;iuv:s  'his  gas  exphxkrs  with  surprising  force. 

7l»>.  Rati/male. — By  thr:  artion  of  sulphuric  acid  on  chlorate  of  potash, 
■  »•'  ^  i.:;-  .Ljiids  ar-  produced,  chlorous  and  oxychloric  acid.  The  former  is 
'V  ik-*:  .ri  r/K-  I'ascous  state,  \\\v  latter  remains  in  union  with  the  ix)tash. 
»:  u  .:,.i  o  •  :;j  as  if  one  jM^rtion  of  tin;  chloric  acid  were  displaced  fnjm  its 
-TL-n  %rh  rff.-  j)olash  by  the  su|)erior  atlinity  of  the  sulphuric  acid,  and 
*>.i.'*iin'jUi-f;cd  a  part  of  its  ox\ir<'n  to  another  portion  of  the  same  acid, 
"i'-  ii  -^11.' n  ul'h  ih«;  alkali.  The  rhloratn  (if  potash  is  thus  partially 
'OM-r»^i  !fjv.  rin  o\vr-hloral»\  T\u'  deoxidiz^'d  chluric  acid  constitutes  a 
•■'  f"  .111  II  h.:^  is  d<-signated  by  Berzelius  as  chlorous  acid.  By  others, 
'■  -I'.i  :*v-j.  v'lr-.isly  d<*siLrnatod  as  thr  tritoxidc,  quadroxide,  or  peroxide  of 
•li'  r.r.»',  X  '.""'ij-onnnce  with  the  ditUTcnt  hnprcssions  entertained  of  its 
pr«i>-r:»,  .,r  co:nf»<j>ition. 

Propertu's  of  purr  Chlorous  Acid. 

701.  «  "ri  or*  ■  1^  arid  gas  iias  a  yell«)W  colour,  which  is  det^per  than  that 

♦*:  '\i-,:'_tt' .     It^  (dour  is  somewhat  aroniati**,  and  k'ars  no  resemblance 

ij 'Ka:  "I  ':?...»r:n«*.     It  whitens  a  solution  of  litmus,  without  reddening  it. 

w>n  ^jbj*.-*:ti.'<i  to  an  cUrtric  spark,  or  to  a  tem|M;rature  of  '212°,  it  ex- 

?»d»-*  »irh  £:n-?iT  violcnc*?,  ^ivinir  out  light  and  iM.'at,  and  being  converted 

Jtt'j 'ii.' »r:r*c  and  o.\\inrn.     Aj'ilatiu'z  the  jias  with  mercury  will  somethnes 

yrrAjnr\\r-  SKiine  n.'sult.    \Vat(rr  absorbs  Mven  times  its  volume  of  chlorous 

•ad  fa*,  a^«,uirin'j  a  deep  yellow  colour,  and  a  jMxruliar  acrid  taste,  which 

w  ne»wth'-ic?»s  nut  at  all  aci<i.    The  aqueous  solution,  wln?n  ad<led  in  small 

quamiti^A,  jiii-.?j<s'*s  the  power  of  reddc.-ning  litmus,  and  when  exjK>sed 

dimcxiv  lo  :h*r  "»iin'»  ravs  evolves  chlorine,  while  oxvchloric.  acid  remains 

ic^Ttfr-n.      In  a  ditfuse  li^ht  it  takes  several  weeks  to  elRvt  this  decom- 

,  and  it  does  Dot  take  [»lacc  at  all  in  the  dark.     Faraday  has  found 
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that  ehlonxu  add  gas  may  be  liquefied  by  MibjectiDg  it  to  great  pn 
The  rawldng  liqaia  ia  &f  a  yellow  colour. 


708>  AotmTenieiituid  mA  method  of  eibcting  Ik*  •xplMioaofeiioUMiM 
u  NDtMantad  in  th«  pnceding  flftm.  The  gM  mu>{  introdoeed  into  sMrei 
of  ebont  |thi  of  u  iseh  in  diuneter,  end  fifteen  iaeha  in  length,  orer  ire 
applying  ■  hwted  mlallie  riaf ,  m  ei^laaiaii  envMi.  Tbe  ■•■  et  tha  ma 
loM«  ill  m^ueh-jellow  celonr,  wd  litcreMei  in  balk.  Tbe  cblotine  iai^nM 
ataoibad  by  the  moreniT. 

t.  Thanatd  ul«iw«  the  application  of  a  ipirit  lamp  to  pndnce  the  aei 
T.  . 'irinj  monnfe  to  nee  the  hot  ring.    The  tob*  leaf 


powM  to  caloric,  than  ooght,  ifler  an  avolntion  of  bei 
in  anj  gaaMnu  componndi  bnt  bj  the  decompontioD  of  enchloiino,  al 
if  arolTad  with  ezptoaiTe  Tiolenca,  the  Tolama  of  the  gaMKxu  mattOT  ie  Imn 
70S.  Tba  onlj  eiplanalion  which  I  can  giTO,  ii,  that  the  capaoi^  for  eypfk 
compound  in  l&i  caaa,  ai  in  othen,  ii  greatei  than  the  anm  of  Ibe  ~t|-aTMtt 
conititnenta.    Wfaj  the  capacitj  of  the  coinpoand  ihonld  be  greater,  and  wh 

__i._7_  _■.__. J  t ^  fiireihly  attimcted  bj  an  atom  at axwreu  ami  anatOB' 

iD  whan  MpaiBta,  I  cannot  eipliin.    Tliii  aad  oAer  as 
njatariea  ai  ' 


aldUtimg  m/ely  Ub  Exptetiim  tf  CUanmt  AaL 

^preaenta  ia  ap 
'dinger  to  tba  niTtlll 


706  The  adjoii 
for  eihibi  ling,  wi 
delonntion  of  chtoroiu  u 

707.  Into  a  tube  of  n 


of  potosli  is  introdaced  >■  will  riaa  abora  the 
about  one  inch.  The  mui  ihiu  litaatMl  ■ 
fa«d  by  nieani  of  a  ipiril  lamp,  or  chauflet. 

70;^.  Tlie  lube,  being  tlicn  charged  with 
proportion  of  sulphuric  acid,  ii  coraed  gent 
■UBpcadcd  within  a  elout  glau  cjIindsT,  aa 
drawing.  It  ia  Ihen-iurrouDdcd.  near  the  boti 
another  tube,  supplied  with  boiling  watar.  i 
the  hut  wnter  is  appliod  only  to  thA  part  aft 
which  conbini  the  aalt;  hot  aa  aoon  an  th> 
lube  ia  perTaded  by  a  greenlah-jellaw  oak 
monitratiog  the  evolution  of  the  chlomM  ai 
outer  lube  containing  Iho  water  ia  to  ha  tai 
that  the  gaa  inay  be  generally  healed  bf  i 
eiploaion  aoon  followa,  from  the  influence  dL 
epeclatora  an  protected  by  the  glaM  eyliader 


Preparation  of  Chloric  Add. 
700.  When  a  solution  of  potaasa  (as 
potassium)  or  the  carbonate  of  this  all 
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eopi         '  with  chlorine,  cmtftU  predpitatei  which  oooaist  of 
atid  m  aaioo  with  potassa.    If  to  a  adntioa  of  the  chlorate  of 
Ihoi  Ibimed,  fluohydrosilicic  acid  be  added,  an  almost  insoluble 
of  parwMiin  precipitates*    From  this  an  aqueous  dilute  solu- 
tiMtfihe  desiVrd  add  may  be  obtained  by  filtration. 
QH  li^  in  iioQ  of  a  solitiion  of  polassat  water  holding  baryta  suspended, 
biipei^nted  with  chlorine,  a  chlorate  of  baryta  may  be  procured,  from 
ich  the  baryta  may  be  precipitated  by  emplojring,  as  nearly  as  possible, 
isfimr^eat  of  snlphuiic  aci<L    It  was  by  this  process  that  Chcmeviz 
boiered  iMmir  Mad;  bnt  it  is  alleged  that  when  thus  procured,  it  retains 
■ioalejpiSipoilion  of  sulphuric  add. 

711.  Jnipiiiiii — Chloric  acid,  thus  procured,  is  inodorous,  colourless, 
■r  and  aatnMent*  It  does  not  preciratate  solutions  of  lead,  mercury,  or 
'  \£r  WL  great  majority  <^  me  compounds  of  chlorine,  are  infid- 
Wben  concentrated  by  emporatfton,  at  a  aentle  heat,  it  is  re- 
igiDOOi  coDsisteai  r,  and  acquiring  a  y^owish  tint,  also  an 
of  nkfic  acid,  kn  this  state  it  ignites  peeper,  and  other  or- 
,  and  is  capable  of  converting  alcohol  into  acetic  add.  It  is 
by  Doany  substances  having  an  afiinity  for  oiycen;  and  yet, 
npaairoDor&nc,  is  said  to  canse  the  oxidizement  of  these  metals, 
~^^  rncldf  at  its  own  expense,  but  hr  the  decomposition  of  water, 
hydrogen  is  in  consequence  evolved.  Many  bodies  which  do 
react  with  it,  cause  its  decomposition  when  aided  by  the  ao- 

(jf  OxyMoric  or  PercUaric  Acid. 

7VL  l^'tfamfiaii  After  the  chlorous  acid  has  been  liberated  from 
ctkali  sf  pdluh^  the  residue  consists  partially  of  oxychlorate  of  potash, 
as  Amiy  slated.  (700.)  This  is  mingled  with  bisulphate  of  potash 
fenned  m  the  sane  time,  but  may  be  separated  by  repeated  solution  and 
qyrtatttktion,  as  the  bisulphate  is  more  soluble.* 

71  &  Oxychioric  acid  may  be  obtained  from  oxychlorate  of  potash  by 
failhhon  in  a  retort  with  its  own  weight  of  sulphuric  acid,  diluted  with  a 
fte  vc^ht  of  water  at  the  temperature  of  260^.  It  is  purified  by  carefully 
pndfitadiig  the  solphiiric  acid  which  comes  over  with  it,  by  means  of  ba- 
lytteaaer,  and  rechstillntion. 

714  Froptriics. — Like  chloric  acid,  it  is  insusceptible  of  the  gaseous 
fivBi  sai,  as  a  liquid,  exists  only  in  combination  with  water,  being  limpid, 
and  having  a  lively  acid  taste.     It  reddens,  but  does  not  subse- 


*  la  9rMmm  cncrfen  from  chlorate  of  potasta,  by  means  of  a  porcelain  retort 
ail  chuAr  el  coau,  it  excited  ■arpriief  that  while  tho  greater  part  of  the  gas  could 
liillnMd  m  a  glaai  retort,  without  sofleninff  the  glass,  there  was  a  portion  which 
nahsi  a  kifher  temperature  than  that  which  flint  glass  is  capable  of  enduring. 
wUi€o«ltaq>lAting  some  experiments  for  the  explanation  of  these  phenomena,  1 
~  tiMt  Soabietan  had  furnished  the  true  explanation  of  the  mystery.  He  had 
one  portion  of  the  salt,  receiving  two  equiralents  of  oxy^n  from 
converted  into  an  oxychlorate,  of  which  the  decomposition  was 
than  that  of  the  chlorate.  Subsequentlr  this  proceis  has  bNoen  resorted 
friend  and  late  irapil,  Mr.  Boy6,  and  my  son,  to  obtain  oxychlorate, 
le  they  have  suDJected  a  pound  of  chlorate  of  potash,  at  a  time,  to 
litioB.  The  mass  which  remains  after  aU  the  oxygen  has  been  ex- 
be  extricated  without  soilening  flint  glass,  consiits  of  a  mixture  of 
wuin  and  of  oxyefalorate  of  potash.  As  of  all  the  salts  of  potassa, 
Ni  is  tbs  OKMt  sparingly  soluble  in  water  at  (XP,  by  solution  in  this 
toiling  hot^  and  cooling  the  solution,  the  salt  precipitates,  and  may  be 
lif  gspaaf ing  Ihi  part  of  tiie  procaw. 
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qaeotij  bleach  an  infiwion  of  litmus*  It  is  decomposed  Iher  by  As  i^ 
kr  rays,  sulphurous  acid,  nor  sulphuretted  hydrogen.  It  dtssolves  siae«ai 
iron  with  disooigiageroent  of  hydrogen.  It  eieicises  strong  affinitins,  and  Jta 
the  roost  endunng  of  the  combinations  of  chtorine  with  oxygen ;  wbieh  ft 
the  more  surprising,  as  it  is  in  general  true  that  in  proportion  as  any  am 
ingredient  predominates  in  a  oompound,  it  is  the  more  easily  aepanHsdii 
part. 

715.  By  the  reaction  d*  sulphovinic  aod,  with  oxychlorate  of  baiylli^  j 
Mr.  Boy6  and  my  son  have  procured  an  ether,  which  in  iti  explosive  eneVi 
gy,  is  scarcely  equalled  by  the  chloride  of  nitrogen.    It  is  I  bdieve  the  aaly 
eikereal  oompound  which  is  per  $e  ezplosi?ey  or  which  detonates  Bkhb  a, 
mechanical  shock. 


SECTION  IIL 

OF  BROMINE. 

716.  This  name  has  been  given  to  a  substance  analo- 
gous to  chlorine,  from  the  Greek  fip^^m,  fetidity. 

717.  Bromine  was  discovered  by  Balard  in  1826^  at  the 
salt  works  of  Montpelier  in  France,  in  the  mother  waten 
of  marine  salt,  in  the  state  of  bromide  of  sodium  or  mag- 
nesium. Since  then  it  has  been  found  in  the  water  of  tna 
Dead  Sea,  and  in  the  greater  part  of  the  salt  qpriqgi  of  tha 
continent,  especially  mose  of  Germany.  In  those  of  TheiH 
dorshalle  near  Kreuznach,  a  sufficient  quantity  has  beoa 
found,  to  make  it  profitable  to  effect  its  extraction*  Com- 
mon salt,  in  its  natural  state,  often  contains  traces  of  the 
bromides  of  sodium  or  magnesium. 

718.  Preparation. — ^The  mother  water  of  marinei  or  com- 
mon salt,  is  impregnated  with  chlorine,  until  it  acquires  a 
hyacinth-red  tinge.  The  chlorine  combiDes  with  the  hy- 
drogen and  magnesium  of  a  bromide  of  magnesium,  whidi 
exists  in  that  water.  The  bromine,  thus  displaced,  min- 
gles with  the  water,  which  is  to  be  washed  with  ether* 
The  resulting  ethereal  solution  of  bromine,  being  treated 
with  potash,  a  bromide  of  potassium  is  produced,  which, 
heated  in  a  retort  with  diluted  sulphuric  acid  and  manga- 
nese, yields  bromine,  as  chlorine  is  obtained  firom  a  cmo- 
ride  by  like  treatment. 

719.  Properties. — Bromiuc  is  a  liquid,  but  is  so  volatile^ 
that  a  single  drop  is  sufficient  to  fill  a  fiask  lyith  its  rect 
dish-brown  vapour.  The  specific  gravity  of  bromine  is  2*966i| 
being  nearly  three  times  the  weight  of  its  bulk  of  water* 
It  freezes  at  a  temperature  of  from  7"^  to  12^  below  zero. 
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/( h^  when  firozen,  a  crystalline  and  leafy  texture,  with  a 
kutimj  colour,  a^nd  a  lustre  almost  metallic.  It  boils  at 
the  temperature  nearly  of  89^,  forming  a  vapour  resembling 
that  of  nitrous  acid,  and  more  than  five  times  as  heavy  as 
itBospberic  air.  It  does  not  conduct  electricity.  Flame 
JBeningaished  in  the  vapour  of  bromine,  acquiring  a  green- 
ib  coloar  previous  to  its  extinction.  Bromine  is  slightly 
loluble  in  water.  Its  solubility  is  not  sensibly  augmented 
W  heat.  The  solution  has  an  orange  colour,  and  emits 
led  fumes.  In  alcohol  it  is  more  soluble,  than  in  water, 
ukI  in  ether  still  more  sq  than  in  alcohol. 

720.  It  acts  upon  vegetable  colouring  inatter  and  or- 
ganic products,  like  chlorine,  in  general,  decomposing  them 
in  ooosequeoce  of  its  affinity  for  hydrogen.  Bromine  forms 
witk  starch,  a  yellow  compound.  It  corrodes  the  skin, 
imputing  a  yellow  tinge,  which  -endures  till  the  skin  is  re- 
Dorated.  In  its  habitudes  with  oxygen,  hydrogen,  sulphur, 
tod  phosphorus,  and  the  metals,  it  has  a  great  analogy 
with  chkmne,  bot  generally  its  affinities  are  not  so  strong. 
FiQiQ  its  reaction  with  potassium,  an  intense  and  almost 
exdosive  combustion  is  said  to  ensue.  When  taken  inter- 
niBy,  bromine  acts  as  a  virulent  poison. 

721.  Bromine  is  supposed  to  be  one  of  the  active  sub- 
stances in  mineral  springs,  especially  in  those  which  con- 
tain common  salt.  By  means  of  nitric  acid  it  may  be  ob- 
tained in  the  form  of  a  deep  brown  precipitate,  from  the 
nx>ther  waters  in  which  it  exists,  but  there  is  much  lost  by 
its  solution,  and  subsequent  volatilization  during  the  eva- 
JwatioQ  of  the  solvent. 

Experimental  Illustration. 

722.  Bromine  exhibited  as  a  liquid;  also  in  the  state  of 
▼apour. 

COMPOUNDS  OF  BROMINE  WITH  OXYGEN  AND  CHLORINE. 

Of  Bromic  Acid, 

*tt  Bromine  forms  but  one  compound  with  oxygen,  called  bromic  acid, 
di«x>vored  by  Ikilard. 


Preparation. — When  sulphuric  acid  is  added  to  bromate  of  baryta 
'  ID  water,  a  sui[)lialc  of  baryta  i«  prc'ci[)itated,  and  bromic  acid  rc- 
i  iolution,  which  may  afterwards  Im'  concentrated  by  evaporation, 
-froprrlif"*.— Bromic  acid,  thus  obtained,  is  a  hquid  of  the  consist- 
17 
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it  tef  wt  e  |iQitiHi 


mo  ciK^         uMi  nranmBa     ^^— »^  scid  A 

II  »•    It  has  a  flbDDg  tMtab  acid  biii 

%  n       r  pen  s.     SHlpbovoiis  and  plnfkM 

J       i  e  nyor  ^  Ibr  their  ndicd,  oeoiiMpM 

c  luiphTic  acid  prodMoa  dip  Ml 

oy  1  ooiv    ck  bramic  acid  caaaot  aq|i    , 

i.       br         t  atam  of  hpoaaiiie  78,  adtfiaii 

Si       ai       isu         le  lis.  ^* 

CfCU^ride      Brmime.  ^. 

727*  When  a  coneat  of  ehlorine  is  paasad  through  hroaina^  mtfi 
compound  b  produced  oTa  reddisli-yeUov  colour,  but  not  ao  deep  as  fk$^ 
bromiiie.  This  liquid  is  ¥olatile»  of  an  intdeiable  smell,  prodiMBg  ttm 
has  an  eioesnvdy  ^asieeable  taste,  and  a  colour  resei^bling  thM  off 
ddorine.  Water  dissolves  this  chloride,  aoqatring  the  pover  of  Ibaeli 
litmus.  Bases  produce  with  its  ingredieots,  a  biomate,  a  hromidi^  aai 
chloride. 


SECTION  IV. 

OP  IODINE. 

728.  Iodine  has  been  found  in  various  sea  jdaBtn^  eaj 
cially  the  commcm  sponge,  also  in  mineral  waters  in  a  i 
riety  of  re^ons  of  the  earth,  remote  from  each  other. 
exists  also  m  combination  with  various  fossils.  Fkom  < 
experiments  of  my  late  friend  Dr.  Steel,  of  Saratofa,  a 
otners,  it  appears  to  be  an  ingredient  in  some  of  the  mil 
ral  waters  of  that  place. 

729.  Preparation. — ^Iodine  is  obtained  from  the  lixivii 
of  kelp,  from  which  carbonate  of  soda  is  manii&ctur< 
After  all  the  soda  has  been  crystallized,  the  residuimi 
concentrated,  and  being  heated  with  sulphuric  acid,  ii 
retort,  the  iodine  passes  over,  and  condenses  in  diinj 
crystals  of  an  intense  purple  or  black  colour. 

730.  Iodine  may  be  precipitated  from  the  mother  wat4 
of  salts,  with  which  it  is  naturally  associated,  by  a  mixti 
of  eight  parts  of  sulphate  of  copper,  and  one  of  green  s 
phate  of  iron.  From  this  precipitate  iodine  may  be  ( 
tained  by  intense  ignition,  in  a  retort,  with  an  equal  qui 
tity  of  dry  peroxide  of  manganese. 

731.  Properties. — When  solid,  iodine  is  of  a  bluish-bh 
colour,  friable,  and  almost  insoluble.  It  stains  the  skin  ^ 
low.    It  fuses  at  225''  and  volatilizes  at  350"*,  in  a  beauti 
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?t  Tapour.  Hence  its  name,  from  the  Greek  tttlmj  violet- 
tued.  Its  taste  is  acrid  and  hot,  and  continues  for  a 
dme  in  the  mouth.  When  taken  internally,  it  acts  as 
son.  It  is  incombustible  either  in  oxygen,  or  atmo- 
ic  air;  bat  forms  acids  severally  with  oxygen,  chlo- 
ind  hydrogen,  called  iodic,  chloriodic  and  iodohydric* 
In  its  habitudes  with  the  Voltaic  pile,  it  is  more 
o-negative  than  any  other  matter,  excepting  oxygen, 
jr,  chlorine,  bromine,  and  probably  fluorine.  With 
e  Tarieties  of  fecula,  starch,  sago,  arrow  root,  &c.,  io- 
produces  an  intensely  blue  colour;  so  that  these  sub- 
es  are  reciprocally  tests  for  each  other.    When  mois- 

it  Taporizes  perceptibly,  producing  an  odour  similar 
t  of  chlorine,  but  which  yet  has  a  peculiar  character, 
pecific  gravity  of  iodine  in  the  solid  state  is  4.946. 
!.  The  vapour  of  iodine  is  alleeed  to  have  the  highest 
ic  gravity  of  any  known  aeriform  fluid,  being  8.716, 
irly  nine  times  as  heavy  as  atmospheric  air.  In  con- 
ig  it  is  peculiarly  prone  to  crystallize,  assuming  the 
of  an  elongated  octoedron,  with  a  rhomboidal  base. 
IT  does  not  dissolve  more  than  Timrth  of  its  weight, 
iring  a  russet  colour,  but  no  taste.  When  the  water 
1 5a  It  added  to  it,  especially  muriate  or  nitrate  of  am- 
a«  it  dissolves  a  larger  quantity  of  iodine.  The  aque- 
iolutioij  does  not  give  out  oxygen  in  the  solar  rays, 
estroy  vegetable  colours.  Iodine  has  a  great  analogy 
lorine  and  bromine,  though  more  feeble  in  its  affini- 
han  either. 

5.  Soubieran  recommends  that,  in  order  to  apply 
h  as  a  test  for  iodine,  the  liquid  to  be  essayed  should 
ndcrcd  slightly  acid  by  means  of  nitric  acid.  After 
addition  and  that  of  the  starch,  it  will,  in  the  course 

boar,  acquire  successively  a  reddish  tint,  a  brownish- 
I  Hoe,  and  finally  a  black  colour;  or,  in  other  words, 
luc  bv'  its  intensity,  l)ccomes  equivalent  to  black.  It 
een  alleged  that  in  this  way  iodine  may  be  detected 
iquid  of  which  it  forms  only  the  xt^i5\\\  part. 
1.  Another  mode  is  to  include  the  liquid  to  be  tested 
lottle  made  air-tight  by  means  of  a  cork,  from  which 
pended  a  piero  of  moist  paper  sprinkled  with  finely 


lirdriodic  hui*  hitherto  hren  appliod  to  this  acid,  but  Thcnard,  as  well 
M^tmWm  It  iodobydrir  acid.  The  considerationft  which  induced  inc  to  make 
■fi  wiU  be  ^Ycn  hcreaAer. 
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powdered  starch.    If  iodioe  be  present,  it         tinge  dM 
starch.    It  is  allowed  by  Baup  that  iodine  may  be  dm  '" 
diacovered,  >f^en  existiD^  in  a  liquid^  in  a  proportion  m 
greater  than  that  of  a  millionth. 

735.  Balard  recommends  that,  after  boilinjj  the  Bqod  :; 
with  a  small  quantity  of  starch,  a  sohition  oi  chlonw  m  ^ 
water  be  added  1^  means  of  a  tube  descending  to  tb»  bo^  i 
torn.  Tlie  chlorine,  at  the  line  of  contact,  disengngM  dm  j 
iodine  &om  its  combinations,  and  enables  it  to  act  %  _ 
the  starch.  I  resorted  to  a  similar  process,  about  tww^  1 
years  ago,  using  sulphuric  acid  in  the  manoCT  in  n  "  ' 
chlorine  is  employed  by  Balard. 

Sxperimmtal  Bhtstrt^wnt^ 

736.  A  glass  sphere  containing  iodine,  on  being  v 
ed,  appears  filled  witii  a  violet-coloured  vapoor. 

737.  To  a  large  glass  vessel,  containing  sonw  boiled 
starch  difiused  in  water,  a  small  quantity  cf  iodinv  baii^ 
added,  the  fluid  becomes  intensely  bine, 

Proeem  for  like  eXUmporamtMi  Ecobdiim  of  lodim. 

738.  Hetd  nearly  to  ths  Hb> 
pemtiim  of  ebuUitiaB  about  hn 
ounces  oC  conoentratad  aul[teric 
acid,  In  a  glass  globe  Gki  that  i^ 
presented  in  this  figUNb 

739.  It  is  prefeiaUa  to  turn 
the  whole  of  the  glofae  bealdL 
with  due  caution,  arm  •  krga 
charcoal  fire.  Then  qoicklj  tnn^ 
ferring  it  to  the  iron  tripod,  pf» 

1,    and    fiuniMad 


with 
Ihrt 


Mly 


small  bed  of  hot  ■ 
into  the  ddd  aboM  half  a 
drachm  of  iodide  of  pohaaM^ 
BometifDcs  Called  faydriodHla  of 
potash.  InstantaDeously  the  o^ 
vily  of  the  glohe  will  beoome  R- 
plcto  with  the  splendid  violet  tb- 
vour  of  iodine,  which  wfll  eooo 
oiler  ctmdeoao,  on  thoae  portiow 
of  the  glass  which  aro  lint  R- 
frigcratod,  in  crystals,  symmBtn- 
cnlly  Brrangcil,  of  greet  beaoly 
and  unusual  sixe. 
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COMPOUNDS  OF  IODINE  WITH  OXYGEN. 

Of  Iodic  Acid. 

7¥k  When  iodine  is  subjected  to  a  current  of  chlorous  acid  gas,  previ- 
ffH/j  dried  by  passiDg  over  chloride  of  calcium,  the  gas  is  absorbed,  and  a 
jciJov  liquid  produced.  From  this,  heat  expels  all  the  chlorine  of  the  acid, 
vlnle  its  ox3rgen,  uniting  with  the  iodine,  forms  iodic  acid. 
741.  Pfvperties. — Iodic  acid  is  an  inodorous  crystalline  solid,  much 
than  water,  with  an  acid  and  astringent  taste.  It  deliquesces  in 
air,  bat  remains  unaltered  when  the  air  is  dry.  In  water  it  is  soluble, 
lot  is  predptatod  from  it  by  alcohol,  in  which  it  is  insoluble.  Its  aqueous 
■tBtkjD  fint  leddens  and  then  whitens  litmus.  With  a  great  number  of 
nhfiabfe  basBi  it  forms  salts,  which  detonate  if  mingled  and  ignited  with 
UT  drr  combustible  matter.  In  common  with  bromic  acid,  it  is  decom- 
posed  by  tfaoK  acids  which  have  hydrogen  for  their  radical,  and  by  many 
otbfTy  wfaicb  have  not  their  highest  proportion  of  oxygen.  It  contains  one 
■ton  t£  iodiDe,  and  five  of  oxygen. 

Cf  Hyperiodic  and  lodous  Add. 

743.  An  aeid,  ooBtaining  more  oxygen  than  iodic,  has  been  recently  dis- 
comul  by  Ifagnua,  to  which  the  name  of  hyperiodic  has  been  given*  Bat 
Me  Ims  been  asceiliioed  respecting  its  properties.  Scmentini  has  asserted 
tbat  he  has  discovend  two  additional  compounds  of  oxygen  with  iodine, 
o«e  of  wfaicb  be  calls  oxide  of  iodine,  the  other  iodous  acid.  Their  exist- 
ence^ bowev«r,  reqasea  farther  confirmation. 

Of  ihe  Chlorides  of  Iodine. 

743.  Acoordii:^  to  Thenard,  chlorine  forms  with  iodine  a  profcochbride 
«d  a  perchloridew  The  former  contains  one  atom  of  each  ingredient,  the 
^r  consists  of  five  atoms  of  chlorine  and  one  of  iodine.  The  protochlo- 
ndfc !» the  chloriodic  acid  of  Davy. 

7U.  To  the  perchloride  the  name  of  perchloriodic  acid  may  be  due. 
Thpoard  iwards  the  ap[)ellation  of  acid  to  neither.     Chloriodic  acid  is  ob- 
tained by  lubjecting  iodine  in  excess,  to  the  action  of  chlorine.     A  liquid  is 
f)foduoeil  of  a  deep  reddish-brown  colour,  much  heavier  than  water,  and 
^nng  in  hs  mechanical  properties  a  great  analogy  to  bromine.     It  has  an 
trid  tastr\  and   reddens  litmus.     Water  dissolves  it  without  sustaining  or 
etuNQ^  am*  df'com[)osition,  bat  abandons  it  to  sulphuric  ether.     If  the 
ahoTcmentioooil  process  l)e  so  varied  as  to  have  an  excess  of  chlorine,  per- 
dAofiDtfic  abd  is  produced,  which  is  a  cry^aiiine  and  volatile  substance  of 
a  Teilo«risb-white  colour,  and  emitting  an  eflluvium  so  irritating  as  to  pro- 
and  a  sense  of  suffocation. 

Of  the  Bromides  of  Iodine, 

741^  Bromine  combines  with  iodine  in  two  proportions.   A  protobromide 

rhen  iodine  Is  subjected  in  excess  to  the  action  of  Ixromine.     It 

when  warmcil  affords  reddish -brown  vapours,  which  condense 

of  the  same  tinge,  in  sha{)e  resembling  fern  loaves.     By  the 

when  thf»  proportions  are  reversed,  a  perbromidc  rcsuks, 
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viMcil  k  liqiuid.  Both  of  tfaoe  brooiilBi  aie  iIiMp  in  ««ter,  and  1 
vitlioiil  reddonbig  fitmos.  Suljeded  to  die  aebon  of  the  Yafeaic  pik 
mine  goes  to  the  positive,  iodine  to  the  uegtiic  pole. 


SECTION  ¥. 

OF    FLUORINE. 

7'       In        last  efition  of  this  GwnppiMft—  it  was  tfated,  that  ai 

aryb       beaiiag  the  name  ai  the  head  of  this  aectioD,  was  inftr 

by  1      y  cbemitfs;  and  that  I  had  DO  doalit  as  to  the  ezistenoe 

?  that  Katement  was  written,  Bandrimont  has  suooeadcd 


retfing  and  energetic  demeat,  hr  p*<>""g  flnorida  of 
a  rea  i  iom,  or  pfefenhlj  by  heating  a  mixtuie  of  intiuHlel] 
giec  chlor      oi  cakiom  and  I       :  oxide  of  manganese,  with 


solf^ioric  ]d.Itistober  d     it  this  prooeas  does  not  evoKi 

rine  in  a  of  piuity,  in  co      qu    loe  of  the  simultanBoos  evobti 

the  ic         flnosilicic  i  n  a  small  praportion* 

74tf«  1^  i-r— FhKM  ibed  as  a  gas  of  a  jellomM 

ookNir,  wi      moot  oi  <     oone  minted  with  a  smel  of 

ly  1       g    i  bat  not  with  glasb    Thaob 


tions  1  eix  Dpit^sofiiras  they  extend,  juilifr  t 

iexenoesi       !cc  ies,       irl  lich  prerioas  knowMge  aal  R 


ing  bad  giwoi      cz  ana  go  io  o  its  pretensioBs  to  a  plaoa 

halogen  bo£es  oi*  the  baadg      riass.  (G27,  ^c)  (63d«  4c) 

74^  As  there  are  no  known  o  KNinds  of  Aoorine  with  anf  of  tb 
ments  comprised  in  the  dass  to  wnich  it  bdongSy  consistently  with  th 
ransement  to  which  I  bare  declared  my  intention  to  adhere,  ao  fo 
considefation  can  be  siven  to  it«  uniil  the  bodies  are  treated  of  vitb  « 
its  most  important  combinations  are  tbnned. 


SECTION  VI. 

OF   SULPHUR. 

749.  Sulphur  is  a  mineral  productioD,  well  known  in  c 
merce  under  the  name  of  brimstone.  It  is  sold  bot 
rolls  and  in  flowers.  It  is  found  pure  in  the  vidiiit 
Tolcanoes.  of  which  it  is  a  |voduct.  In  combination 
metals  it  is  widolv  disseminated.  From  some  of  its 
tallic  sulphides,  which  arv  known  imder  the  name  oi 
phurets.  or  pyrites^  it  may  be  obtained  in  the  pulvcr 
form*  to  which  the  name  of  dowers  has  been  givei 
subhmation. 


SULPHUR.  133 

.  Properties. — Sulphur  is  yellow,  inodorous,  and  in- 
becomes  electric  by  friction,  and  is  liable  by  the 
li  of  the  hand  to  be  fractured  with  a  slight  noise.  It 
ates  and  bums  with  a  feeble  flame  at  180%  and 
it  225°,  and  by  pouring  out  the  liquid  portion,  after 
=LSs  is  partially  congealed,  it  may  be  obtained  in 
is.  In  close  vessels  at  the  temperature  of  600°  it 
zes,  or  sublimes,  and  afterwards  condenses  in  the 
nown  form  of  flowers  as  above  stated.    The  flowers 

the  microscope  ascertained  to  be  cirstalline,  and 
inerallj  contaminated  by  a  minute  portion  of  sulphu- 
cid,  which  may  be  removed  by  repeated  washing. 
.  AD  the  metals,  when  presented,  in  thin  leaves  or 
r,  to  the  vapour  of  sulphur  without  access  of  air, 
into  combustion  with  it,  forming  compounds  which 
leen  designated  as  sidphurets;  but  which,  as  I  have 
ought  to  be  called  sulphides.  (686-7.)  Combustion 
isues  when  the  metals  in  a  divided  state  are  heated 
iilphur.  The  sulphides,  formed  with  the  metals  of 
rtns  and  alkalies,  are  soluble  in  water.  From  the 
ing  solution  the  sulphur  is  thrown  down  by  acids, 
pbosphonis.  sulphur  is  susceptible  of  a  slow  as  well 
ick  combustion.  In  consequence  of  the  low  tempera- 
it  which  it  is  cupable  of  becoming  converted  by  com- 
w  into  jjulphurous  acid,  sulphur  may  be  burned  out  of 
>wder  without  causing  it  to  flash.  If  raised  to  the 
rature  of  301) ^  it  enters  into  a  more  active  reaction, 
jfffxlucts  of  the  combustion  of  sulphur  are  sulphurous 
mingled   with  a  small  portion  of  anhydrous  sulphuric 

The  hue  of  the  flame  when  the  combustion  is  slow 
le;  in  oxyiren  its  tlauic  is  of  a  splendid  purple.  Ber- 
\  allege?  that  when  sulphur  is  rubbed  on  any  body,  a 

for  instance,  which  has  been  previously  warmed, 
;h  not  sufticiently  to  infl.inie  the  sulphur,  an  extremely 
J  blue  tlanie  is  produced  with  a  peculiar  odour.  This 
he  conceives  to  be  the  eflcct  of  the  evaporation,  un- 
npanied  by  any  combustion;  "since  a  cold  body  held 
5  it  is  covered  with  tin*  flowers  of  sulphur  unchanged/' 
reason,  however,  appears  insutficient;  since  the  su- 
lioD  of  one  [K)rtion  of  the  sulphur  docs  not  demon- 
(ihat  another  is  not  o.vydized,  any  more  than  the  do 
in  of  carl)on  U|)on  a  cold  body  exposed  to  a  smoky 
V  proves  that  another  portion  of  carbon,  arising  from 
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1 1  8  atoms  irioaaie. 

1  atom  4  atoms  guodioilde. 

J9L  Thi  mooosf llabka  <2i,  U,  ffi,  ^iia,  have  an  analogous  influeooe 
■■  An  mwanin^i  when  used  hefom  any  other  of  the  words  employed  aa 
ove^  to  dwiiDginBh  the  eompounds  seveially  fonned  by  the  basacigen  eie- 
■iSp  (tti|)  benoe  we  hafs  dichkride,  irotochknTide,  Mohloride^  Iriehlo- 
kf  fiMdMehloride,  dec  It  will  be  perceived  that  as  in  the  tenns  ^mo- 
aai  ftrndfichloride,  the  monosylkble  ^tia,  has  such  letters  added  as 
resulting  e|Hthct  easy  to  pronounceiy  and  agreeable  to  the  ear. 
W8«  He  asoond  stage  of  comtmiation  in  iHiich  the  prqwrtioa  of  tbs 
Mm  afffiiiii  iDgrsdieot  exceeds  the  ratio  of  equality^  has  been  distill 
■bed  b|;f  fRfixing  the  word  deuto.  Hence  JktiUnadBf  itenlachloridB) 
Id^  dim ftodide.  I  prefer  Nozide,  as  more  precise  and  descrip- 
tli  presence  of  two  atoms  is  to  be  indicated.  Per  is  prefixed  to 
tfaejmsmce  of  oxygen  in  a  maximum  degree,  and  in  the  case  of 
lo  dpaignate  a  sesfatoxide,  in  that  of  mercury  a  Moxide.  But 
e  is  also  prefixed  to  compounds  containing  any  number  of 
forming  a  base  or  an  acid.  Hence,  we  mve  an  add  dis- 
bj  the  appdlation  percAIortc,  which  contains  seven  atoms  of 
tfgmm  The  syllables  in  question  are  prefiasd  by  the  French  chemists  to 
■  wards  cUoruie,  bromurci  iodure,  fluorure,  cyanure,  as  they  are  by  the 
^"^"^"^  ~*~     '^    psflfixed  to  the  modifications  of  those  names  which  they 
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r  Widi  two  atoms  of  oxygen,  forms  sulphurous  acid,  equi- 

Oaestaof  )     valent 32 

■(pbv,  16,    I  With  three  atoms  of  oxygen,  forms  sulphuric  acid,  equi- 

l     valent 40 

fWith  two  atoms  of  oxygen,  form  hyposulpburous  add, 
equivalent 48 
With  five  atoms  of  oxygen,  forms  hyposulphuric  acid, 
equivalent 72 

(}f  HypogulphurouM  Acid. 

M  IVi  add  exists  only  in  combination  with  salifiable  bases,  and  of 
^■hs  famed  I  believe  no  useful  application  has  been  made.  Any  at- 
JjWtoQplainthe  method  in  which  hyposulphites  are  produced,  will  be 
■wwl  OBtil  I  reach  the  subject  of  the  compounds  formed  by  adds  with 


Of  Sulphuravs  Acid. 

Ml  Pr^raium^ — ^It  is  formed  by  the  ordinary  combustion  of  sulphur, 
^^W boiiins  sulphuric  acid  on  sulphur,  on  mercury,  or  on  any  other  sub« 
'HBby  which  it  may  be  partially  deoxidized. 

^|R*  PnpertirM. — Sulphurous  acid  is  a  colourless  gas,  possessing  the 

^  'Mm  odour  of  burning  sulphur.  It  is  incapable  of  supporting  com- 
^■■^••d  is  deklenotis  to  life,  a  spasmodic  closure  of  the  glottis  follow- 
^Ktjf  MBBopt  to  respire  it. 

Mi  k  fast  reddoos  and  then  bleaches  litmus,  and  destroys  organic 

la 


I .- 
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ooloaTB  geoenQy.  It  n  used  on  ttni  scoouDt  to  bleach  dlk  and  wooL 
phuroiu  Bcid  ii  soluble  ia  water,  which  abeorba  48  dmea  ita  balk.  ^ 
a  solutMMi  of  this  gaa  is  expoaed  to  the  ur,  it  absorbs  oxygen,  and  it 
verKd  into  sulphuric  acid.  This  acid,  wiUi  four  times  its  bulk  of  i 
fcnns  a  crystBiliiie  hydnts,  which  melts  under  40°,  <UaEngagiiif 
greater  part  <^  the  acid.  After  b^ng  lendsred  anhydrous  by  puiag 
chloride  of  caldmn,  salphurous  acid  gas,  by  ezpoaure  to  a  tempcnbi 
^I2°>  coodeoses  into  a  colouriess,  Hanqmeiit  iicpiii,  having  die  if 
gravity  of  1.45.  When  drof^ied  in  vacuo  on  the  bulb  of  a  spot 
mometer,  previously  at  S0°,  and  surrounded  with  cotton,  tha  inteHS 
(rf*—  90°  will  be  indicated.  It  is  even  said  that  alcohol  has  ben  f 
in  this  manner.  Sulphurous  add  eas  is  decomposed  at  a  red  beat,  • 
by  faydrogan  or  carboo.  It  is  displsced  from  its  comfanatiaaa,  t^  a 
acids  taaapt  ^ranhydiie  ^miSMc)  and  carbonie  acid. 


at  Um   MBM^IIBi 

pipe,  BXteQdiu  flw  ■  ■ 
punm,  MM  wSbin  ft«  ■■ 
naulj  M  high  M  As  staa 
nndu  these  ciravHrtsoea 
pump  Im  pat  into  setiM,  tfa 
sequent   exhaiulioa  m    It 

from  the  receive- 

into  it  of  Ihe  w»i 
tern,  onlil  the  n 
thii  water  o 

elsvatioD  is  ~  mater  Hun 
oppoeed  bj  tM  wtfu  ii 
r  from  the  recarved  pipe  commiimcaling  wii 
fonnel.  '  The  ur  of  the  funnel  will  then  be  dnvn  into  the  receiver  fSzmg 
liquid  in  the  tiunbter;  and  if  eulphur,  carbon,  phoephorui,  a  candle,  lamp,  a 
inflammable  gai  bo  pUcvd,  while  bamiag,  under  the  funnel,  the  fuiOM  maj  M 
to  paw  throagh  the  water,  which  miy  ne  coloured  b^  liljniu,  or  mav  (Mmtatn 
ammonia,  baryta,  or  anj  other  deunblo  agent,  which  it  may  be  capsUe  of  diw 
or  luapsnding. 

Of  HypotulpKurie  And- 
764.  This  acid  is  obtained  by  passing  sulphurous  acid  gas  the 
peroxide  of  manganese  suspended  in  water  in  a  finely  divided  slatb  1 
mass  be  kept  cold,  the  peroxide  ia  reduced  lo  the  state  of  protoxide, ' 
the  oxygen  forms  with  the  sulphurous  acid,  hyposulphuric  odd. 
with  the  protoxide,  produces  a  salt,  wtiich,  remaining  dissolved,  mi 
purified  by  cryatallization.  By  the  addition  of  sulphide  of  barium 
solution  of  the  reeulting  crvstals,  the  mnnganense  is  predpitated  i 
state  of  a  sulphide,  and  hyposulphale  of  baryta  is  obtainnl.  Prom  tbi 
the  hypoaulphuric  acid  may  be  separated  by  sulphuric  acid,  and  co 
trated  by  ev^ioratioo  in  vacuo,  till  it  acquires  the  specific  gnvity  of  1 
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fly  beat  or  farther  coDcentration,  it  is  decomposed  into  sulphurous  and 
jolpimxic  acid. 

765.  Hyposulphuiic  acid  is  a  colourless,  inodorous  liquid,  .which  reddens 
liuam,  has  an  acid  taste,  and  dissolves  zinc  with  disengagement  of  hydrogen. 

Of  Sulphuric  Acid. 

766.  Sulphuric  acid  has  beem  known  since  the  close  of 
tbe  fiftcentn  century,  when  it  was  obtained  by  Basil  Va- 
lentine by  the  distillation  of  green  vitriol,  or  sulphate  of 
iron. 

767.  Preparation. — This  acid  may  be  obtained  by  burn- 
ing sulphur  and  nitre  in  chambers  lined  with  lead,  or  by 
the  process  abovementioned,  by  which  it  was  originally 
obtaned;  whence  the  almost  obsolete  name,  oil  of  vitriol. 
It  i«  best  purified  by  distillation. 

768.  I  shall  defer  for  the  present  the  illustration  of  the 
process  for  procuring  sulphuric  acid  by  sulphur  and  nitre ; 
also  any  exemplification  of  its  habitudes  with  other  bodies. 

769.  Properties. — It  is  a  liquid,  oleaginous  in  its  con- 
astency,  caustic  when  concentrated,  intensely  acid  when 
fflttte.  When  three  parts  are  added  to  one  of  water,  a 
boiling  heat  is  produced.  (350.)  Hot  water  explodes  with 
it  as  with  a  melted  metal.  It  is  diluted  by  the  absorption 
of  moisture  n^hen  exposed  to  the  air.  No  acid  equals  it 
in  tbe  p^jwer  of  reddening  litmus.  When  pure  it  is  colour- 
less aod  has  but  little  smell. 

Of  the  Sulphuric  Acid  of  Nordhauscriy  and  of  Anhydrous  Sulphuric 

Acid, 

<^**.  Tb^  sulphuric  acid  of  Nordhausen  differs  from  that  in  use  in  this 
»-*ntr}-,  ji  ojntaininc  a  portion  of  acid,  which  being  free  from  water,  is 
ci.fti  atiydfoas.  This  anhydrous  portion  being  volatile,  assumes  the 
tonn  vf  vapour,  and,  meeting  with  the  moisture  of  the  air,  condenses  into 
•biipfurnes.  {^11.) 

«^1.  TV-  fuming  acid  of  Nordhausen  is  obtained  by  calcination  and  dis- 

-iiiUin  from  sulphate  of  iron,  (known  also  by  the  name  of  green  vitriol) 

*0U:iy»J  :n  n.'torts  of  stonoware.     It  rnav  l)0  obtained  also  from  white 

wnoi  or  sulphate  of  zinc  by  similar  treatment.     The  anhydrous  acid  may 

fct**pinir'Hi  from  iho  other  portion  by  gentle  distillation,  with  the  aid  of  a 

'■fcaeratffJ  rf-r^iver,  previously  well  desiccat(?d.     It  is  a  crystalline  body 

''■^injr  a.^U'stos,  and  may  be  rubbed  lx.tween  the  fingers  like  wax, 

•ttfcfli  their  l>cing  attacked.     In  the  air  it  emits  thick  fumes  having  an 

meih     At  a  temperature  alx.)ve  64^  it  is  liquid.     Once  congealed  it 

ter  fusf.fi  without  gn.*at  care;  as  the  temperature  at  which  it  is  va- 

i  but   little  abfjve  that  at  which  it  liquefies.     Hence  it  is  apt  to 

i  sudden  enlargenR'nt  of  bulk  which  causes  it  to  be  thrown  out  of 

theoBMaiiiing  vessel.    When  va|)ori7/}d  it  forms  a  colourless  gas.    Neither 


im 


il  nf  (Act  CB  fitmm  ] 
petftcdy  drr*    Wboi  puRdtlirou|rfi«ied-lioC  taheof  pom 

'  soipiiiziQiB  acift. 
t  hvyia  oBtBu  into  s  ipecjBi  of  oshAi 

JidBd  anijilww  if mF,  dirawm  into  waler,  prodneoiaeai 
di»  dftet  of «  kot  oeoo,.  on^  when  aiBgled  vkh  aBen 


774^  Tia  fcwii^  if  iiF  qf  MwdhauMn  »  cf  iw>  fer  the  mi^&m  rf  ■ 
tMplDy'Bii  hi  d^nuigp  as  the  aalQpdRiiBi  add  mmvos  bflder  &r  tfya  fai 
■      tha  ^ 

TJSl.  llaHdbiaivahnHBaDraiiNiriHvpia^Bv  waavanr*    xaa^ 


cmMflnK  WHV  IB  DM-  BBK  pnponHB  M  KlfBHI  ID  aDBMa 

ea  fcr  pnwaMg  dia  add  of  JfagHhiiiMM,  Tt  in  aiijiiifiKnnl 
pBdMhlr  II  niH  of  t  ^nma  of  anhjwhaiw  adiand  1  afa 
|Bil»  af  iha  aaifdraiBi  acid  and^dbout  I  af  walerfwm  Aaeoi 
adi  afdie  dh^i.  of  dia  ipodik  gianrit]^  of  1.85,  wMeh  la  aaam 
lataBofwavtolof  a»L  Whn the  add b  to  tte val 
llii  t  ■  iMjiiiiiail  Mmthn  if^lii  h  lii  imitj  m  |i,iiiaiii  HiaBfci  ■ 
dBBBt^rafdhft  riiBdilWBii.  aai  which  probaUf  coubli  of  9  «ton 
w^vaslaTadd.  AwiAtt^^BcaciQBordiadBHt^ 
of  wiiv  aaii  tha  ifadfe  ganrifcf  ii  ndaeed  to  LOS. 


Of  tio  Clhrafct  <f  JTiiff  hr> 

« iow  AoeoriiBg  to  Theaard^  than  an  two  chbridea  whkk 
Ei|aidfc  OtecgoBiaiaad  aftMiB  of  aulphor  to  1  of  chkmae;  theaAe 
ahm  of  oBch  iagiedfeaL  The  proiochlonie  is  a  jelk>w,  nK^oleuii 
i^nd^hBKfvrthaiiwater^andwhkhboaaattS^.  The  othvk  redd 
hiowa«  iohit£K  tfaadag  aad  acnd«.  aad  boila  at  14^*.  Bothaie  dec 
poKd  by  water  and  alcohoL 

Oftikt  JhNMie  and  hdidt  if  S^tir. 

777.  The  flowers  of  ^pbur  dissolve  In  bromine*  prodnciogaredd 
idraipmnin  Naming  liqui&L  When  ;uJuie  is  beaced  gendj  with  Bdphm 
Summ  a  bnlliant  cnri&dLine  ioiiiiik\  ofd  ;i&eeiscniv  colour. 


SECTION  VU. 

OF   SELENIUM. 

7TS.  h  Idl7«  Btaraeliua^  esaoiioioiiy  in  concert  widi  Galai^  dK 
BBthod  of  pRpafing sulphuric  actii*  as  praLiised  at  Gnpshohn.  iaSaai 
ffiacovered  a  aeifiment  in  die  aciiJ«  partly  r»?ii,  partly  bn>wn*  which,  tra 
hf  die  bkywpipe*  produced  the  odour  oC  a  r«jcten  radtsiu  and  left  a  mi 
portiDn  ofkaiuL  The  odour  thus  evuived  buti  been  considered  bj  Klip 
■a  «i  indication  of  tellumum  In  c\.*use^utnce.  Benseiius  took  care  to 
bet  all  tha  depoHtaxu  produced  in  die  maouracfure  oC  « 

;  so  other  sulphur  than  tbut  of  Fahiun 


SBLBNimb 
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•       f  ratuhed,  to  which  he  gave  the  name  of 

fiom  urn  ureeK  wora  nA«*«,  the  moon,  suggeited  by  its  analogy 
oaned  from  tellus,  the  earth. 

nmch  dittribirted  tbroughcxit  natme.    In  Sweden  it 

eoBbined  aonie  imee  with  copper  and  silver,  eoroetinieB  with 

€mlw»    A  mall  quantity  haa  been  detected  in  cubic  galena.    In 

r  it  ■aa  ben  discovered  united  with  tellurinni  and  bisimith;  in  the 

with  lead»  copper,  and  mercury.    Strx      yer  haa  Ibund  it 

coi      3ed  with  t    \ 

A  in  Whicn  n  ec      !»  ve 

in  aq      regia,  pn  oy 

le  t,  pn       lauon  oy  \ 

I       J        ,  (  on  <rf'  t     re- 

1 1     aadinon  oi       ai 
I  liuro  wnn  o^men  m  t      ai 

ana  i      wards  deoxidiied  by  t      lydro* 
ami  eroployedy  the  adenium 


ealfioated  oyai 
kfirogeo,  re-aoluti      n 
~  evapewUion 
aiMimation  i 
theieaction 


I 


hjthepotaa 
in  the  aa 


iuniy  on  coding  afler  distilhtiony  assumes  a 
of  a  deep  reddkh-brown  coloar,  with  a  metallic  brilliancv 
^  the  blood-stone  (bnnatite).    Its  fracture  b  oonchoidal, 
»  of  a  lead-pay,  with  metallic  lustre.    Very  skwly  rafiigerafed 
ioBiilsaiiiftea  become    granulated  «id  uneven,  of  a  reddidb-giay, 
imM  of  InatfB*    By  quid^  refrigeration  the  characters  above  indicated 

litdetanc     :y  to  crystallize,  yet  it  is  capable  of  sepa; 


ilfae  pellicle,  or  of  formii^  a  crystalline  vegetation,  upon 

of  ihe  sSBsel,  from  ution  in  the  state  of  a  selenhydnte. 

iMdpitetfideold  from  a  cuuced  solution,  whether  by  zinc  or  sulphn- 

letled  Mrogen,  it  is  red  like  cioDabar.    But  if  this  precipitate  be  boiled, 

aturmUack  and  consolidates,  becoming  heavier.    When  pulverized,  se- 

ksiuai  becomes  of  a  deep  red,  and  likewise  when  in  very  thin  layers. 

^th  heat  it  soAens,  and  at  the  boiling  point  of  water,  acquires  a  semifluid- 

*t!i  beeoming  completely  fluid  at  a  temperature  somewhat  higher.     In 

^**fiB|  it  remains  soft  for  a  long  time,  and  may,  like  heated  sealing-wax, 

^mi  out  into  filaments.    These,  by  reflected  light,  are  gray,  with  some 

■tiliLVrilliMicy,  but,  by  transmitted  light,  arc  transparent,  and  of  a  ruby- 

KBdeoloor. 

792.  Wben  selenium  is  heated  nearly  to  redness  in  a  distillatory  appa- 
ll it  amrocs,  with  ebullition,  the  form  of  a  vapour  of  a  yellow  colour, 
'^  thso  the  hue  of  chlorine,  yet  lighter  than  that  of  sulphur.  This 
^^foo  condenses  in  the  neck  of  a  retort  in  black  drops,  which  coalesce  like 
^  vhidi  are  formed  by  the  condensation  of  mercury.  Wben  condensed 
*tt  soocsi  of  air,  selenium  appears  like  a  red  fume,  and  is  deposited  in  a 
^asakipNis  to  the  fbwers  of  sulphur,  but  of  a  cinnabar-red  colour. 
WMell  of  a  radbh  is  only  perceived  when  the  heat  is  sufficient  to  be 
life  of  oxidation.    The  specific  gravity  of  selenium  is  from  4.8,  to 


Oimpoundt  cf  Selenium  with  Oxygen* 

mm  has  but  a  feeble  affinitv  for  oxygen,  yet  forms  a  volatile 
Is*  il  either  of  ramsh  or  decayed  radish.    It  forms 

xis  and  selenic    The  latter  of  these  is  isomer* 


s 
the 


(474.) 
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784»  Sdenkms  acid  is  procured  by  tbe  oo  i  of  wiBniiim  i 

gen  gu,  or  hy  reaction  with  nitric,  or  mtroiminaac  acid* 

785.  Selemc  acid  is  obtained  by  the  deflagration  of  nitie  with  sel 
in  a  hot  crucible;  a  seleniata  of  potash  resiSts,  which  is  deoompos 
nitiate  of  leady  ajid  the  resulting  seleniate  of  lead  is  deoooposed  I 
phuretted  hydrogen.  The  sulphuret  of  lead  preci(Htates,  white  sden 
m  dissolved  in  the  water  employed*  When  heated  to  260  degrees*  it  i 
its  highest  concentration,  and  at  290  degrees  is  decomposed  into  o 
and  selenious  acid. 

786*  The  highest  specific  gravity  of  selenic  acid  is  2.6.  It  iMi 
sulphuric  acid  in  its  consistency,  in  its  evolving  heat  by  dilution  withi 
and  in  the  power  of  dindving  iron  and  zinc,  with  the  evolution  of  I 
gen*  It  cannot  be  rendered  anhvdroi  i*  When  its  density  is  at  tbs 
mum,  it  contains  16  per  cent*  of  ^  r*  With  the  aid  of  heat,  it  on 
and  dissolves  copper  and  even  g  t  not  platinum.    With  chbrol 

acid,  it  constitutes  a  sort  of  aqua  i  a,  which  dissolves  both  gold  ai 
tinum*    Its  salts  cannot  be  <  led  from  the  sulphates,  unless 

property  of  detonating  with  u  ai  a  red  heat,  and  that  of  cans 

evolution  of  chlorine,  when  bo  a  with  muriatic  acid*  Selenic  acic 
be  separated  from  sulphuric  t  by  laturation  with  potash,  and  4g 
with  sal  ammoniac*  The  se  :  acia  is  decomposed  into  selenian  1 
hydrogen  of  the  ammonia* 

787*  Selenium  combines  with  chlorine  and  bromine,  and  with  sripi 
every  proportion* 

788*  Ajb  there  is  not  one  of  the  metals  which  have  decided  prelflM 
the  metallic  character,  which  is  not  an  excellent  conductor  of  both  he 
electricity,  and  as  metallic  brilliancy  is  another  striking  attribule 
metallic  genus,  I  cannot  understand  wherefore  selenium,  which  is  admi 
be  destitute  of  the  two  first  mentioned  characteristics,  and  to  poaess  t 
imperfectly,  should  be  received  into  the  class  of  metals ;  wfaBe  o 
which  in  the  form  of  plumbago,  is  endowed  with  them  all,  is  esdudi 
cannot  consider  selenium  as  a  metal.  It  is  stated  to  have  the  hrilliai 
heematite,  which  is,  I  conceive,  inferior  in  that  respect  to  plumbago,  ^ 
Berzelius  considers  as  pure  carbon. 


SECTION  Vlll. 

OF  TELLURIUM. 

0  789*  A  metal  has  been  found  in  the  veins  of  auriferous  silver  i 
mines  of  Transylvania,  which  has  been  called  tellurium.  It  is  ftfm 
in  small  quantities  in  Norway,  united  to  selenium.  Tellurium  hM  liii 
been  discovered  in  Connecticut.  It  is  found  chiefly  in  the  state  of  an 
with  gold  and  silver* 

790.  Tellurium  displays  a  metallic  brilliancy,  and  is  of  a  colour  be 
that  of  tin  and  antimony,  and  of  a  lamellated  structure.  When  me 
a  glass  vessel,  replete  with  hydrogen,  and  slowly  cooled,  it  assumes  I 
pearance  of  burnished  silver.  Fused  in  a  vessel,  it  presents  crystal 
determinable  form.  It  fuses  below  a  red-heat,  and  above  that  tempi 
is  volatilized*  When  heated  before  the  blowpipe,  it  takes  fire,  and 
with  a  blue  flame  bordering  on  green,  and  is  dissipated  in  gray  p 
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Im  B  the  amdl  cf  hoisMBdish.    Tlus  mdl  is  as* 

Aedlf BoMlinilotliepieseDoeofMleDiuin.    Latteriy tbe sftine author 
mmmitB  apedfie  gravity  to  be  6/2824. 

TM*  TVfcriiim  Hiay  be  ozidis^  either  by  combusticHi  or  by  nitric  add. 

*  httbre  the  blowpipe  apoa  chaiooal,  is  decompoaed  with 


wTi 


Banaliaa  allegea  that  telltnimn  will  diaaolve  in  ooocentraled  aid- 
ni  vitliaat  being  oiidized,  in  which  it  difiers  from  other  metals* 
tlMft  it  tonm  a  swuble  ozymilphide.    The  colour  of  the  resulting 
a  iB|vpGah»red.    Tdlurium  is  more  especially  eotided  to  our  no* 
»«a  aooaBBft  of  its  jpeat  anali     '  to  sulphur  and  sefeaium,  and  of  its 

db  ana  basesy  wh  u  uniting,  form  telluri^alts.    It  is  upon 
llmlBenBBliQi  include   it  in  his  ampUgen  claai,  and  that  I  ooo- 
it  among  the  basi         bodies. 


OF  RADICALS. 

1BL  Kadicafci  are  bodies  capable  of  /ormiiig  with  a  ba- 
Hagm  body  ^Iher  an  acid  or  a  base,  and  are  divided  into 
ftoie  ivUdi  arc  meiaUk^  and  those  which  are  nofi-mefaii7tc. 

Cw.)  A 

OP  NON.METALLIC  RADICALS. 

The  bodies  which  I  place  under  this  head  are : — 

Hydrogen,  Boron, 

Nitrogen,  Silicon, 

Bios^orus,  Zirconion. 


Carbon, 


SECTION  I. 

OF  HYDROGEN. 


7M.  h  its  gaseous  state,  it  is  the  principal  constituent 
llfd  ordinary  flame.  It  is  an  ingredient  in  water,  and 
tMlined  with  oxygen  and  carbon,  it  is  found  in  all  ve- 
|Mle  and  animal  substances.  It  derives  its  name  from 
4|b«ater,  and  yif#^i,  to  produce. 
Vk  Preparation.r-'  Per  se,  hydrogen  exists  only  in  the 
~^  state.  In  this  form  it  may  be  obtained  by  the  re- 
r  diluted  sulphuric  or  muriatic  acid  with  zinc  or 
<of  8t€  d  tn  iron  turnings,  made  red-hot  in  a  gun 
It  m  r  be  evohed  in  a  state  of  purity,  and  con- 
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BOQiieDtly  deatitate  of  odour,  from  pure  water,  bjr  V(^tue  b; 
agfflicy,  or  by  reaction  with  an  amalgam  of  potasuum.        '  \ 

Self-regulaHng  Ratrvmrfor  Hgdrogen  tatd  other  Goto.  i 

796.  Tbe  Mowing  figure  represents  a  ■elT-iegulaling  reMmirJbrJ|^    ] 
dngeagw< 

797.  Thia  tot  pcnrienoiM 


B  tfaS 


.engraving  can  requu 
tie  explanation.  Sui 
glasB  jar  wHbout  to  ooaBbi  di- 
hiied  sulphuric  acid;  Ai  in- 
vetted  bell,  vithin  tba  >r,  to 
coetain  soma  zinc,  aupfotled 
on  B  tray  of  oopper,  ■myndwl 
l^  wires  of  the  anmo  nMtal 
from  the  nei^  of  tha  ball.  Tb» 
cock  being  open  whan  tbo  bell 
it  lowered  into  ths  poMtioB  in 
which  it  is  iipiiwinll^.  tba at- 
moopheric  air  wilt  iMiM[iii.  and 
tbe  aeid,  entering  thiMvi^  of 
tbe  bell,  will,  I^  MnKtioii 
with  tbe  zinc,  cauwiydiogai 
:  gas  to  be  oopioualf  arolTcd. 
As  soon  as  tbo  cock  ii  doaed, 
tbo  hydrogen  ezpab  tbe  acid 
from  tbe  cavity  of  tbe  baO; 
and,  ctHuequently,  its  reaction  with  the  sine  is  prevented,  until  ■notberpof^ 
tion  of  tbe  gas  be  withdrawn.  As  soon  as  this  is  done,  tbe  acU  n-vtsen 
tbe  cavity  of  the  bcli,  and  the  evolution  of  hydrogen  is  renewed  and  con- 
tinued, until  again  arrested,  as  in  the  first  instance,  by  preventing  tbe  escape 
of  the  gas,  and  consequently  causing  il  to  displace  the  acid  from  tbe  intc< 
riorof  the  bell,  within  which  the  zinc  is  suapendod.* 

796.  By  means  of  apparatus  or  this  kind,  I  have  been  enabled  to  ham 
self'T^ilating  reservoirs  of  nitric  oxide,  ot  sulphydric  acid,  of  carbonic 
acid,  of  chlorine,  and  of  chlorohydric  acid,  merely  by  changing  tbe  nm- 
teriois,  and  making  such  a  modification  of  the  means  of  supporting  then 
as  the  agents  employed  or  evolved  require. 


t  irbich  «mi  eowtrivJ  bf 
^..^  _  .     ,  iciplB,haWDver,  whonil  WUBssMbof, 

lo  moderalo  the  evolution  of  carbonic  acid,  borurc  I  hid  reail  of  tlij  I  nil  '■  apn- 
ratni.  I  prefer  the  madiRcaliou  abovo  deicribed.  In  the  fini  place,  it  ■•  inlsnuiy 
more  euy  of  icceM  for  the  purjioee  of  cleineing ;  eecondly,  it  ia  mucfa  batleT  qsali- 
fied  for  contaiainK  fulphurct  of  iron,  or  marble,  for  ^ncntini;  BolphurattKl  hrdr^ 
gan,  or  eaibonic  acid  goa;  aad  tbirdlj,  b;  tailing  the  bell  claai,  until  tha  CquU 
williia  and  wilboat  ia  on  a  terel,  the  preaiuro  mav  bo  removed. 

In  the  other  Tomi,  the  preaaure  on  the  gaa  ia  ao  Iptat,  tliat,  nnlen  the  tabs,  iks 
cock,  and  the  junctarea  be  jierTectlj  tichl,  there  miial  be  a  considerable  Iob  iif  iMfc 
riala-,  aince  tbe  eacapc  of  gia  tneTilnb^  cauace  their  coQaump tion,  b;  paimittiagtts 
Mid  to  reach  the  liiH,  or  other  material  employed. 


HYOaOGEN. 

Largt  Stlf-rtgvlating  Retenoirfor  Hydrogen. 


799.  This  iigure  rcpreseata  a 
self-regulatJDg  reservoir  for  by* 
drogen,  constructed  like  that  cfe- 
scribed  in  the  preceding  article; 
excepting  that  il  is  about  fifty 
times  larger,  and  is  made  of  lead, 
instead  of  glass.  This  reservoir 
may  be  used  in  all  experiments 
requiring  a  copious  -supply  of 
hydrogen.  When  gas  is  to  be 
supplied  to  the  bydro-oiygen,  or 
compound  blowpipe,  the  perfo- 
rated knob  at  the  end  of  the  pipe, 
which  has  an  orifice  on  one  side, 
is  placed  uDder  the  gallows,  G, 
(seen  in  the  fig.  of  the  compound 
blowpipe,  331)  and  fastened  air- 
tight to  the  pipe  of  that  instru- 
ment, by  the  pressure  of  the 
screw  of  the  gallows.  The  gas 
is  retained,  or  allowed  to  flow 
through  the  pipe,  by  means  of 
the  valve  cock,  V,  which  is  much 
less  liable  to  leak,  than  one  of 
the  common  form. 


Properties  of  ITifdrogen. — It  is  the  lightest  of  all 
ibic  substiinccs.  One  hundred  cubic  inches  weigh 
13  gr;un.s.  Its  weight  to  that  of  oxygen  is  as  1  to 
s  P[»ecifjc  gravity,  llie  gravity  of  air  being  assumed 
I  0.(Ki8i».  It  is'  aljout  200,000  times  lighter  than 
r,  and  3nO.(K10  linies  lighter  than  platinum.  In  its 
J"  state  it  ."iiiellri  unpleasantly.     When  pure  it  is 

odour.  In  its  nascent  state,  as  when  liberated 
u  of  an  acid,  it  is  extremely  prone  to  take  up  a 
portion  of  sulphur,  phosphorus,  arsenic,  or  of  some 
letals.  Of  the  last  mentioned  property,  a  most  use- 
ication  is  now  made,  which  1  shall  mention  when 
■  of  the  proce:'s  for  detecting  arsenic. 
TTie  respiration  of  hydrogen,  mixed  with  the  same 
ion  of  oxygrn  as  exists  in  atmospheric  air,  is  not 
1  by  any  oppressive  sensations;  yet  a  profound 

sbhI  to  have  been  induced  in  animals  surrounded 
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by  sach  a  mixture.  When  breathed  either  in  this  waj 
unmixed,  it  will  be  found  to  pro4uce  a  ludicroiu  alteral 
in  a  man's  voice,  making  it  shrill  and  puerile,  and  so 
of  character  as  not  to  be  recognised.  Sound  is  said 
move  in  this  gas  with  a  velocity  three  times  as  gi 
as  in  the  atmosphere.  According  to  the  experuMnts 
Leslie,  the  souna  of  a  clock  bell  was  as  feeble  in  fajdroi 
as  in  air  rarefied  one  hundred  times.  By  no  degiM 
pressure  which  has  been  tried,  can  hjrdrogen  be  conAtn 
mto  a  liquid.  In  consequence  of  its  levity,  it  e0|t 
ra{)idly  firom  an  open  vessel,  unless  inverted.  It  is  | 
eminently  inflammable,  yet  a  taper  when  immersed  mi 
extingui^ed.  A  jet  of  it,  jetted,  appears  like  %  tm 
luminous  candle  flame,  and,  if  surrounaed  by  a  glaiB  ti 
produces  a  remarkable  sound. 

802.  It  has  been  stated  that  for  equal  volumes,  al  ga 
have  the  same  capacity  for  heat;  it  follows,  that  fi|  eq 
weights,  the  capacities  must  be  inversely  as  their  wpK 
gravities  or  theur  densities.  Hence  hyarogen  havng 
fowest  specific  gravity,  will  have  the  mghest  qpeciic  im 
(257.)  It  is  in  fact  calculated  to  be  as  to  that  of  an  ecj 
weight  of  air  as  13.08  is  to  1,  and  to  that  of  an  ec 
weight  of  water  as  3.88  to  1.  Its  refracting  power  is 
and  a  half  times  greater  than  that  of  the  atmosphere. 

803.  When  mixed  with  oxygen  or  atmospheric  air,  i 
subjected  to  flame,  an  electric  spark,  or  a  wire  ignited 

galvanism,  it  explodes.  With  chlorine  it  explodes  un 
ke  circumstances,  and  likewise  in  the  solar  rays, 
burning,  it  disengages  sufficient  heat  to  melt-SId  tii 
its  weight  of  ice.  Dobereiner  discovered  that  platii] 
sponge,  a  cold  metallic  congeries,  becomes  ignitea  on 
tering  a  mixture  of  hydrogen  with  oxygen  gas,  and  cat 
it  to  inflame  by  an  agency  which  has  not  been  satis&i 
rily  elucidated.  It  has  since  been  discovered  that  pa 
dium,  rhodium,  and  iridium  possess  this  proper^  in  nei 
the  same  degree.  I  have  ascertained  that  if  asbes 
charcoal,  or  clay  be  soaked  in  chloride  of  platinuDf  < 
afterwards  desiccated  and  heated  red-hot,  the  property 
inflaming  a  mixture  of  hydrogen  and  oxygen  is  acquire 

Experimental  Ulusirations  of  the  Properties  of  Hydrog 

804.  Levity  of  the  gas  demonstrated  by  the  asceni 
of  a  balloon,  or  by  the  effect  of  filling  with  hydrogei 
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glass  globe  balanced  upon  a  scale  beam,  (71,  &c.)  Effect 
upon  the  voice  shown.  Inflammation  of  a  gaseous  mix- 
ture of  hydrogen  with  atmospheric  air  by  platmated  asbes- 
tos, or  ^atinum  sponge.  Apparatus  for  lighting  a  candle 
bj  a  jet  of  hydrogeo  irom  a  self-regulating  reservoir,  either 
Ei^  the  electric  spark  or  platinum.  (337.)  A  mixture  of 
Vdn^^  and  oxygen,  igmted  within  a  small  cannon,  ex- 


Candle  txtingioihtd  and  re-lighud  by  Hydrogen. 

805.  If  a  lighted  candle  be  introduced  into  a  wide- 
mouthed  inverted  phial,  filled  with  hydrogen  gas,  the 
flame  or  the  candle  will  be  extinguished  from  the  want 
of  oxygen.  Meanwhile,  at  the  mouth  of  the  bottle, 
where  there  ia  a  anfiicient  access  of  air,  the  gas  will 
have  token  fire,  and  will  bum  with  a  lambent  flame 
scarcely  visible  in  daylight.  Hence  if  Ihe  candle  be 
slowly  withdrawn,  it  will  be  re-lighted  as  it  passes 
through  the  flame. 


Philo»op\icat  Candle- 


806.  Small  pieces  of  zinc  or  iron,  being 
introduced  into  a  glass  flask,  so  as  to  occu- 
|iy  about  onO'«iglith  of  its  capacity,  pro- 
vide a  suitable  cork,  so  perforated  as  to 
receive  a  glass  tube  terminating  in  nn  ori- 
fice just  large  enough  to  admit  a  common 
brass  pin.  Pour  upon  the  zinc  five  parts 
of  water,  nud  adding  one  of  sulphuric 
acid,  fasten  the  cork,  with  its  tube  jn- 
sc^rlod,  into  the  mouth  of  the  flask.  After 
nil  the  atmospheric  air  has  escaped  from 
the-  vessel,  on  applying  the  flame  of  a  can- 
dle lo  Ihe  orifice  of  the  tube,  it  will  be  sur- 
mounted by  nn  inflamed  jet  of  hydrogen, 
which  has  been  called  Ihe  philosophical 
enndle. 

807.  The  light  given  oul  by  the  flame  of 
pure  hydrogen,  is,  nevertheless,  wholly  in- 
competenl  lo  answer  the  purpose  of  candle 
lipht;  but  1  have  ascertained,  that  ihc  addi- 
tion of  a  small  quantity  of  spiril  of  turpen- 
tine lo  the  mnl<"rials  obvinles  this  dcferl. 


148  INORGANIC  CHEMISTRY. 

Application  of  Hydrogen  and  Oxygen  in  Em 

808.  Tlic  explosive  union  of  hydrogen  with 
iKHsn  much  resorted  to  in  the  analysis  of  iraseo 
containing  either.  For  this  pur|X)se  a  stout  tub 
one  end,  at  the  other  shaped  like  a  truni]»c 
drilled  into  it,  near  the  sealed  end,  for  the  intr 
metaUic  wires,  the  ends  of  which  approach  nca 
each  other  within  the  tube*  for  the  passage  ot' 
si)ark.  A  known  volume  of  the  explosive  mi 
introduced  into  the  tube,  and  ignited  bv  a  sp:i 
clectrophorus  or  an  electrical  machine,  and  the 
being  transferred  to  a  graduated  tube,  the  dc 
bv  tlie  process  is  ascertained. 

801).  The  glass  tube,  employed  in  this  i  xjx^i 
its  appurtenances,  is  called  a  eudiometer.  Tlii< 
was  at  lirst  applied  to  the  instruments  use  d  ii 
sis  of  atmos|>heric  air.  of  which  onc-fifch  pari 
gas;  but  it  has  since  been  aj>plied  to  all  instn 
ployed  in  measuring  the  results  of  pnonma 
analysis.  I  subjoin  an  engraving  descriptive'  o 
meter  of  the  celebrateil  \'olta. 

>I0  The  iMuliomotrr  TvpTo*ciite*i  bv  ihis  f.^'.iro,  sec  nfxi  j»:ij 
|i\  \  »»h;t,  fi»r  lhi»  &nalysi»  i»f  j^t^oous  iir.vliiro:^  and  •  ■■i:iji^'un«:<  •  nt. 
Us  \\T>*i;\-\\. 
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;o  being  kept 
It  fill  it  witb 
the  mixture  tn  be  anil;ie(l,B8  fur  inBtanci!  n  mix- 
ture of  equal  votunien  of  hvdcogen  and  atiuoB- 
pheric  ur.  Shut  the  orifice  )>y  moving  the  slide, 
allow  inj  eiocsB  of  air  to  emapo,  Mid  then, 
placing  t]ic  orifice  of  the  measure  under  Iho  - 
podeatal  of  the  eudiometer,  open  the  orifice:  the 
gascouK  mixture  will  mount  into  the  csTity  of  the 
cylinder.  Shut  the  lower  cock,  and  pass  an  elec- 
tric apark  through  the  inclDdnd  mixtare.  An 
ciplosion  will  enaue,  and  consequentlj^  a  portion 
of  the  mixture  will  be  condenied  into  water.  B; 
o[>ening  the  cock,  B,  tbo  deficit,  thus  prodaced, 
will  be  coiupenu.ted  bj  tbe  eulrance  of  an  equi- 
valent bulk  of  witer.  Open  the  uppe^cock,  and 
allow  the  residual  gas  to  mount  into  tbe  gn- 
dualed  tube.  Detacb  this  tube  from  the  eudio- 
meter, and  closing  tha  oriGee  with  the  Gnger 
under  water,  before  liflin^  it  from  the  basin,  sink 
it  in  water,  until  this  liquid  be  as  high  without  aa 
within  the  tube.  It  ma.7  now  bo  seen  how  far 
the  residual  air  fUla  short  of  the  100  meuure* 
introduced. 

HI4.  It  must  be  evident  that  wD  might  opente 
on  double  tlie  qaantitvofgai,  b;  taking  the  mea- 
sure  full  of  it  twice  instead  of  once^  ant!  that  a 
mixture  of  (wo  volumes  of  air  and  one  volume  of 
bjdrogen  niisbl  be  analjied,  by  taking  threo 
mcasiiros  equivalent  to  300  parts.  Tbe  Ion  by 
tlic  ciploHion  would  be  the  number  of  degrees 
that  llie  re»idoe  would  fall  short  of  300,  when  in 
Iho  graduated  tube. 

i^-iri,  A  mixture  of  three  volumes  of  hjrdn^ 
with  one  of  impure  oxygen  might  br 
tikini;  the  measure  twice  full,  whicl 
asSIHIjiarts.  In  tliii!  cose,  one-third  of  the  delicit 
would  bo  llie  quantity  of  pure  oxygen  in  ^  of 
yon,  or  -itl  parts,  of  the  impure  gas. 

rill.  The  metallic  scale  accoinpanving  the  cylin- 

ripiivnient  tu  ten  of  those  on  the  tube,  obscrva- 
lioiiM  made  by  means  of  the  !:>tlcr  muat  bo  ten 

rrl".  Instead  of  resorting  to  an  electric  spirk  to 
]ir..ihii:u  the  iollnininBliim  of  tlic  gases,  I   liavo 
iim-i'^ailiim  a/iii'iralus.  (3;f>,)  by  means  of  whteli  a. 
:  hf  ignited  witit  certainty. 


if  hydnwen 
inafyzeir  by 


on   1)10  opiKisile   page,  wbi 


nthi 


'*'-^'^'  'lallo"' 


I  I  b 


Oflhr.  Voliimiscope. 
j)^J_'°7r*rin>Mils  iHTTormi-d  with  siirh  eudionie 
Hitt^'''  ''"*  l""<!eni  raniiiil  be  iiinilo  cviilcnt  to  a 
"'•i'njudi;e  <ir  till!  reiiiilt  by  insjH'Ctiiin.     In  order  U, 

llj^^'^pr.  al'Tfilld  il'i.    

J'^l"'-  ll  eonf,-t<  ..r  a  V.TV  -lout  , 
J'''imM,rin,i.lcrromU:,nd  '.lii  I 
■l«"  in  11th..  lower  cod.  ;,nd  in  111.. 

*|*ii  UiitkiieMs  tr.Knri)-  liic  !"[..  williin  th.-  i^jiire  of  ab-ml  (1 
^^  Uiw.irn  the  in.ii  torts.  I  1,  which  an-  riveted,  at  their  lower  endi . 
l^plalrnrDie  same  niclal.  let  into  llic  lowor  surface  of  a  squnro  jiieee  of  phiuk, 
l*  piece  of  pUnk  Hlpimrta  the   tube,  ho  ""  '••  *"•  ™>".fntrie  iritb  nn  niu-rliim 

'-.  ll«  apnci 

■•••iiik  of  giun  clastii 


.  iely  of 
ie.  a. I  311  inches  in  height,  and  toper- 
I  Mil  inches.     Tbe  loast  thickness  of 

11-  Kii;ire  of  abiiut  <i  inches.    The  tube 


the  horc  of  tbo  tub 


uriike  of  the  tube 


iiiiu,  and  ronKlilu(iD|i  etrcctivolv  its  lower  ori- 

iH  rlo<ie<]  by  n  nlout  lilu<:k  of  mahojanv,  which 


,f  a  Inrbej 
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oMitra  of  the  mahonny  bloek ,  eommanicatiiic  with  the  bore  of  the  tils,  a  ooak»  % 
ftunlrfied  with  a  gaUowe  aerew,  it  inaerted.  Throoffh  the  bloek,  on  eeeh  aide  of  Ito 
pefffiMratioii,  wiraa  are  introdoced,  ao  aa  to  be  air-tight  To  the  ooter  eada  of  thaw 
wirea  two  gallowa  aerewa^ iii  ^'^  aoldered ;  to  the  inner  enda  a  fdattinui  wiMt m 
aa  to  form  a  galvano-ifnition  appaiatoa.  (335.) 

819L  The  apparatoa  being  thua  oonatructed,  let  it  be  firmlT  fixed  orer  the  pBoaaHHi 
oiateni^  that  the  water  may  riae  abont  an  inch  above  the  lower  extremil^  of  He 
tobe.  1V>  the  gallowa  acrewa,^f,  attach  two  leaden  roda,  aoTerally  fnuueadlM 
Horn  the  polea  of  a  ealorimotor.  nj  meana  of  a  leaden  pipe,  prodoee  a  oaaHMMt 
eatkm  between  the  bore  of  the  eoes  and  an  air  pnmp,  ao  that  bj  pompiBg  tfaa 
flom  the  cairitj  of  the  tobe,  the  water  of  the  ciaieni  maj  be  made  to naeiaio 
apace  thna  ezhanated  of  air.  On  each  aide  of  the  tube,  and  between  it  aad 
iron  rod,  there  are  two  atripa  of  wood  8  8,  acored  ao  aa  to  graduate  aboot  i 
inehea  or  the  tube  into  eight  paita.  The  varioua  diataneea  between  thoae  gi 
tiona  were  aaeerlained  by  introdnoiBg  into  the  tube,  proTioualj  ^led  with  Wilv,  1 
exactly  the  aame  bnlk  of  air  eight  timea,  and  marking  the  height  of  the  water  dhv  i 
each  addition.  By  theae  meana  the  inatniment  ia  gradoated  into  ei^  paita  of  OfHl  ] 
capacity;  and  we  are  by  aid  of  it  enabled  to  meaaure  the  gaaea,  and  to  nolioo  Aa  - 
diminotion  of  Tolome  reanltinir  from  their  apontaneooa  reaction,  or  that  wldflh  mf 
be  induced  by  the  ignition  of  tne  wire. 

820.  The  Tolnmeaoope  being  ao  fiur  prepared,  and  the  tobe  exhanatedof  air  ao  aa  ta 
become  fall  of  water,  doae  the  cook  leading  to  the  air  pomp,  and  intiodaeo  two 
Tolomea  of  pqre  hydrogen  and  one  Tolnoie  of  pore  oxygen,  which  any  be  Moateaa* 
Teniently  and  accarately  effected  by  the  aliding-rod  ^  meaaure.  The  nhtaa  of  fta 
ealorimotor  being  in  the  next  place  excited  by  the  acid,  the  ignition  of  toe  flaiiMai 
wbe  enauea,  andcauaea  the  hvdh>gen  and  oxygen  to  explode.  When  they  are  fam^ 
the  aubaequent  condenaation  w  ao  complete,  th^t  the  water  will  prodiioe  a  oeMi^ 
iicm  aa  it  riaea  forcibly  againat  the  gum  elarac  diak,  which,  aided  liy  the  aah^ga^ 
block,  oloaea  the  upper  oriifee  of  the  tube. 

Sn.  If  the  preceoug  experiment  be  repeated  with  an  exceaa  of  either  gaa^il  wiO  bo 
Ibund  that  a  quantity,  equal  to  the  exeeai,  will  remain  after  the  exoloeioa.  lliia  ia 
TOiy  evident  when  tne  exceai  ia  juat  equal  to  one  volume,  becauae,  In  that  owe.  Joat 
one  volume  will  remain  uncondenaed.  Bv  theae  meana,  a  aatiafkctocy  iOwlntieii  ia 
fiffMed  of  the  aimple  and  invariable  ratio  in  which  the  gaaeoua  elenia&taaf  water 
unite,  when  mixedf  and  inflamed ;  which  ia  a  fact  of  ^p«at  importance  to  tfaa  atoaria 
theoiy,  and  to  the  intereating  tlMory  of  volumea  which  hereafter  I  alnll  havo  a»i 
eaaion  to  notice. 

8S2.  Since  the  accompanying  engraving  waa  made,  a  plate  of  braaa,  aboot  a  half 
'  nted  f      '         "  


an  inch  in  thicknew,  haa  been  aubaBtutedfor  the  mahogany  block.    IVa  plate 

made  true  by  meana  of  the  slide  lathe ,  the  holes  for  Sie  cocks  entering  upon  the 
aide,  and  extendiii|f  inwards  and  downwards,  so  as  to  open  into  the  bore  of  the  tobe, 
when  the  plate  is  m  its  place. 

SSQ,  It  has  been  found  to  contribute  much  to  convenience  in  manipulating  with 
this  instrument,  to  have  a  vessel,  an  iron  mercury  bottle,  for  instance,  aoch  aa  r^ 
presented  in  page  69,  (386,)  interposed  between  the  air  pump  employsd,  and  that 
volumescope,  so  aa  to  do  exhausted  before  performing  an  experiment.    Thua  aa- 

aisted,  in  order  to  cauae  the  tube  to  be  filled  with  water,  it  is  only  neceaaary  to  ' 

the  key  of  the  proper  cock.  Moreover,  by  this  expedient,  the  water  ia 
firom  reaching  the  pump,  and  when  corrosive  vapours  are  produced,  1 
danger  of  their  injuring  the  mechanism  of  that  instrument 

COMPOUNDS  OF  HYDROGEN  WITH  OXYGEN. 

Of  Water. 

824.  This  liquid  may  be  produced  by  the  combusticm  of 
hydrogen  gas  with  oxygen  gas.  It  may  be  decomposed 
by  passing  it  in  steam  over  iron,  ignited  in  a  gun  barrd  { 
also  by  the  aid  of  acids,  by  the  alkaline  metals,  by  md- 

E burets  and  phosphurets,  by  electricity,  by  galvanism,  aid 
y  vegetable  leaves. 

825.  Water  is  necessary  to  some  crystals  and  to  gtk 
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nnk  processes.     Its  powers  as  a  solvent  are  peculiarly 
otenstfe,  and  arc  increased  by  beat  and  pressure. 

826.  Water  is  one,  among  otber  substances,  which  acts 
18  u  acid  ^th  powerful  bases,  while  with  powerful  acids 
II  lets  as  a  base.  BerzeHus,  in  some  instances,  calls  it 
hrdric  acid.  It  will  be  seen,  as  we  proceed,  that  it  com- 
hoes  with  Tarious  metallic  oxides,  especially  those  which 
CDostitute  the  alkalies  and  alkaline  earths.  With  the  lat- 
ter especially  it  produces  much  heat  in  combining,  as  ex- 
orplined  in  the  slaking  of  Hme;  and  in  several  of  its  com- 
Wlions  with  them,  its  affinity  is  too  energetic  to  be 
oreicoflie  by  any  degree  of  heat.  Excepting  acids,  any 
compound  in  Mrhich  water  exists  as  an  essential  constituent, 
is  caDed  a  hydrate.  Thus  slaked  lime  is  a  hydrate  of 
fatt;  but  this  term  is  inappropriate,  when  applied  to  the 
ooopoimds  which  it  forms  with  acids.  To  them  the  term 
•pjtts  is  applied  by  Berzelius.  The  absence  of  water  in 
uy  sabstance  in  which  it  is  liable  to  be  present,  is  signi- 
fed  by  the  word  anhydrous.  I  infer  then  that  its  presence 
ihoKdd  be  indicated  by  means  of  the  adjective  hydrous. 
Tbe  vaponzatioD  and  evaporation  of  water  has,  I  trust, 
lieeu  sufficiently  illustrated.  (177,229,234.)  As  a  moving 
power  for  machinery,  as  the  source  of  rain,  and  as  the 
I  cause  of  earthquakes,  aqueous  vapour  is,  obviously,  for 
good  or  for  enl,  one  of  the  most  potent  agents  of  nature. 

The  equivalent  of  oxygen  being         8 
And  that  of  hydrogen  1 

Water  is  represented  by  9 

f^-rj^.rimcnta/  Illustrations  of  the  Agency  of  Water. 

^IT.  \o  reaction  cmsues  between  tartaric  acid  and  car- 
wwaied  alkah  until  water  is  added,  when  a  lively  efferves- 
ttoce  ensues. 

828.  Concentrated  sulphuric  acid  and  zinc  remain  inac- 
^t  until  water  is  added,  when  a  copious  evolution  of 
hjdnpu  follows. 

829.  If  nitrate  of  copper  bo  rolled  up  in  tin  foil  without 
■owtme,  the  mass  will  remain  inert;  but  if  moistened 
ktore  it  is  rolled  un.  iirnition  will  be  nrodiiccd. 
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Agueoug  Vapour  or  Steam  decomposed  Ay  ignited  1 


830-  Having  introduced  some  turnings  of  iron  oi 
card  teeth  into  an  old  musket  barrel,  lute  into  one 
it  the  beak  of  a  half-pint  glass  retort,  about  half 
water;  into  the  other  end,  a  flexible  leaden  tube.  1 
cover  off  the  furnace,  and  place  the  barrel  across 
that  the  part  containing  the  iron  turnings  may  be  e 
to  the  greatest  heat.  Throw  into  the  furnace  a  r 
of  charcoal  and  live  coals.  The  barrel  will  soon  1 
white-hot.  In  the  interim,  by  means  of  a  chat 
coala,  the  water  being  heated  to  ebullition,  the  st 
made  to  pass  through  the  barrel  in  contact  with  the 
iron  turnings.  Under  these  circumstances,  the  ox' 
the  water  unites  with  tlie  iron,  and  the  hydrogen  t 
in  the  gaseous  state  through  the  ilcxible  tube. 

831.  The  decomposition  of  water  by  sulphuretf 
phurcts,  and  the  alkaline  metals  will  be  illustrated 
time. 

Water  produced  by  an  hjlamcd  Set  of  Hy^oge 

833.  The  recomposition  of  wiiter  may  be  render 
dent,  by  means  of  the  philosoidiiciil  candle,  (30u,) 
other  inflamed  jet  of  hydrogen,  situated  within  i 


ApparMHttfor  (Ac  Aeeoapocitim  o^  WaUr, 
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iS8  i^obe.  Hie  glass  becomes  immediately  coreied  with 
dev,  uiaing  from  the  condeneatioD  of  aqueous  vapour, 
sdred  bj  the  union  of  the  oxygen  of  the  air  vim  tfae 
dngen. 


ft  Ttrntfomum  iMHintli  of  ■  |lMi  floba,  with  m  naek  OMDMited  lato  k  ham 
iftoa  vhtcB  thn*  labs*  proceM,  Mrenllj  comim — -----'- 

■ithnMmintf  oxjguimnd  bfingtn.    It  bual 

•C  lb  ■flimw»liott  M  «  jet  talnmtgta  hj  mtmem  of  m  daofario  auk,  *  la 
>  K)  r^  the  ippantin  into  openOMi,  ue  (loba  mart  be  ubaulad  of  air,  and 
fUnkoimn  k>  ■  eartain  utaat.  Is  tEs  oaxt  placa,  hvdiagsnia allowed  to 
R  in  ■  jrt,  wkch  i*  to  be  inflamad  hj  an  electrio  aimA.  Am  tha  osvmn  ia  m»- 
■liMiUbbeadnutted. 


I^ln*  cmplo^  ■  wire  ignited  bv  galTiniam  to  inflane  tlw  hjdrogen  tai  Ibia 
M^Nd  eoiMen*  it  to  be  ■  moch  lex  ptecariona  method  tban  that  of  emploj- 
'■■Anl  maeUne,  or  clectrophorua.   (838). 

Aaa^tfiM  tfm  imprmad  ApparaUaJar  Iht  RKHmfttitiwn  tf  Watar. 
*ftii  arparatoi  ia  repmanted  b;  the  opposite  enytaving.    Ad  JBrarted  bell 
^Maeooical  neck, »  eo  ckeed  al  the  apei  in  the  ^ikiD(,aa  to  lorai  atiane- 
■Mmnnf  eanlj,  luit&ble  to  Tender  tlw  preaene*  of  a  very  amall  qnanti^  of 
^^ftrnhqaA  paiceptilile  to  the  eye. 

JJfmiilii  of  the  Krow  rod  and  plale  franie,  (S48J  tliia  beU  glaae  ia  aacorad 
■nM  poaition  and  made  air-tight.  With  the  aid  of  tbree  Talfe  cocka,  V  V  V, 
VMy  hadcn  pipai,  cornmnnicatioiu  with  an  air  pnmp,  s  baroraeter  g1iti(a, 
i^MNaraalBcieaily  ■u«>liod  with  oxvyon,  inaj  be  aeTenllj  opened  or  cloeed 
■■n.    Througb  a  ituffing  box  which  luimounla  the  plate,  a  copper  pipe,  P 
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li  fo  piMfiil  M  to  oceaj^  Um  udi  of  tha  ImU  (laai|  utd  tluit  of  -    oil  of  ^ 
wiiiy  appertiining  to  a  ftlfanoagiiition  appumtas,  (335,  Ac)    1  «•  cc^par'ptoW^ 
BJnitm  below  in  a  MiiaU  platumm  tube,  and  above,  oatride  of  Iba  vecomMMl  ^ 
^ook  C,  and  gallowt  ecrew,  by  wbich  and  a  leaden  pipe,  a  comaviiealion  vHk  9kf- 
■•If-regulating  reserroir  of  hydrogen  is  at  command. 

637.  The  apparatus  having  been  thus  arranged,  the  bell  is  to  bo 
oxygen  admitted,  nntil  the  gaoge  indicates  the  pressure  within  tha 
nearly  the  same  as  that  of  tna  atmosphere.    In  the  next  place,  tha 
being  ignited,  a  jet  of  hydrogen  is  admitted,  which  of  course  inflamae,  and  i 
to  bom  so  long  as  the  snppi^  of  the  gases  is  kept  np.    Soon  after  the  ini„ 
of  the  hydrogen,  the  resultmg  water  will  be  seen  to  coat  the  interior  dt  { 
Am  in  ORMMi,  resembling  a  heavy  dew,  and,  contianing  to  accnmnlata,  wHi 
m  straams  Into  the  conrerging  neck  of  the  bell  i^ass.    By  surroondiiif  Mi 
add  water,  the  condensation  may  be  expedited,  and  the  depooitioA  of  mkg 
xandarad  strikingly  evident.    Tha  gauge  employed  in  this  piocaw  b  tlifll 
daaeribad.    (137,  &e.) 

838.  Of  the  Air  in  Water.  Water  natarally  aHrtaimj 
air.  It  is  to  receiTe  the  influence  of  the  oxygen  of  the  air 
thus  existing  in  water,  that  fishes  are  furnished  with  giDi|l 
which  perform  to  a  certain  extent  the  oflice  of  lungp  in  de- 
carbonizing blood.  Fishes  cannot  live  in  water  whichi 
either  by  filing  or  exhaustion,  has  been  entirely  dflpriTed 
of  air. 

839.  The  habitudes  of  other  gaseous  substanoei  widi 
water  will  be  more  advantageously  illustrated,  whei  those 
substances  are  under  consideration. 

Experimental  Proof  of  the  Presence  of  Air  in  Water. 

840.  Water  exposed  to  the  action  of  an  air  pomp,  or 
otherwise  subjected  to  exhaustion,  becomes  repme  with 
air  bubbles. 

841.  Of  the  Moisture  in  Air. — Air  is  not  more  invariaUhf 
attendant  upon  water  than  water  is  upon  air;  nor  is  the  air 
in  water  more  necessary  to  fishes,  than  the  water  in  the 
air  to  animals  and  vegetables.  (229,  &c.) 

842.  The  well  known  deleterious  influence  of  the  winds 
which  blow  from  the  African  deserts,  arises  probably  from 
their  aridity.  The  desiccating  power  of  air  is  directly  as 
its  temperature,  and  inversely  as  the  quantity  of  moisture 
previously  associated  with  it. 

843.  There  is  a  certain  proportion  of  moisturti  rela* 
tively  to  the  temperature,  wnich  is  most  favourable  to  our 
comfort.  If  the  moisture  be  increased  without  raising  die 
temperature,  or  the  temperature  be  increased  without 
accession  of  moisture,  we  are  incommoded.  In  the 
case,  the  skin  becomes  unpleasantly  dry ;  in  the  other,  die 
air  is  too  much  encumbered  with  aqueous  vapour,  to  aJlow 


v. 
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persfHration,  whether  sensible  or  insensible,  to  proceed  with 

fufficient  freedom. 

844.  Stove  rooms  are  oppressive  on  account  of  the  too 
great  aridity  of  the  air  in  them;  and  hence  the  well  known 
remedy  of  a  basin  of  water,  placed  upon  the  stove  to  fur- 
ush  moisture  by  its  evaporation. 

845.  Hifgromttrie  Process  of  Z>aZ/oii.— The  dew  which  is  observable 
m  fessels  containing  cold  water,  in  warm  weather  especially,  arises  from 
^  oondeasation  of  the  aqueous  vapour  in  the  air.  « 

^46.  According  to  Mr.  Dalton,  the  less  the  degree  of  cold  requisite  toUL, 
pr^iare  this  phenomenon,  the  greater  the  quantity  of  moisture  in  the  air. 
Htoi?e,  by  aaocrtaining  the  highest  temperature  at  which  the  water  is  capa- 
Ur  of  prr.MJucini;  the  condensation,  the  quantity  of  moisture  may  bo  known] 
inm  a  taMc  which  he  has  constructed.     (229,  dsc.) 

-47.  DaniflVs  Hygrometer. — Mr.  Daniell  has  contrived  an  hygrometer 
ufino  the  priDciple  thus  suggested  by  Dalton.  Vaporization  is  ingeniously 
a;-r-i£^  to  produce  cold  in  one  bulb  of  the  instrument,  in  consequence  of  the 
OiM  produced  by  the  evaporation  of  ether  in  another  bulb,  as  in  the  cryo- 
phorus.  (4U7,  6:c.)  Two  thermometers  accompany  the  instrument,  one 
v/hin  tho  bulb  refrigerated  by  the  vaporization;  the  other  so  situated  as  to 
bdiratc  the  tenipoiaturc  of  the  atmosphere.  As  the  quantity  of  aqueous 
varKiur  in  the  air  diminishes,  the  depression  of  temperature  necessary  to  the 
prr.-cipitation  of  moisture  on  the  n^frigerated  bulb  increases.  The  extent  of 
rh-  'i';^.rc*>sK^  is  ascertainod  by  the  thermometers,  the  quantity  of  water  in 
!ho  air  bv  n-:cr<-occ  to  a  table. 

-  J-.  Or ff  a  Flic  Stnjfibility  of  the  Beard  of  the  Wild  Oat  (Avena  Sen- 

rittra  fo  Moixturt. — Hydrometers  have  l>een  made  which  are  dependent 

uiH.n  :ij^-  «"«>ntrarfion  or  dilatation  which  catgut,  whalebone,  and  other  sub- 

««-in'?es  oi'a  \\ko  naturr;  imdcrgo,  in  proportion  to  the  quantity  of  moisture 

L  '-v  nir.     Amnng  instruments  of  this  kind,  that  formed  by  means  of  the 

uar:  -f  \W:  uild  oat  i-<  jire-omincnt  for  its  susceptibility  to  the  influence  of 

ir^^-*"  JT"-     r»nrathint{  on  it  throiijrh  a  minute  hole  in  the  case,  causes  the 

;i>*'\  ro  !i»-'  m.)\r'd  instantaneously.   (222,  &c.)     The  indications  of  hygro- 

xr^tncr-'hi^  oiristructed  are  not  roferriblc  to  any  standard,  agreeably  to 

ik  h  rh  1  c».mparison  can  U*  made  iKjtwLKMi  th(^  dryness  of  the  air  in  dif- 

f  r^n:  p.ac^  ni  th<-  samo  timo,  or  in  the  same  place  at  diflJ^rcnt  times. 

■4?*.  Hy:rn»m€trir  ProrcM  by  means  of  a  Balance. — It  may  be  pre- 
wthhJ  that  th'^  quantity  of  moisture  in  the  air  is  inversely  as  the  weight  of 
watfT  which  will  in  a  civcn  time  (^vajjorate  from  a  moist  sur- 
fnrt;     If  this  presumption  be  correct,  the  little  square  dLsh 
li*  p-  n?pn'sent<d  may,  with  the  aid  of  a  delicate  scale  beam, 
b*-  MST'^l  as  an  hydrometer.     If  it  l)e  suspended  to  the  ba- 
lanep,  an<l    equijKMsrd    while  containing  a  littl<j  water,  the 
rMunler-wejirlit  will  in  a  lew  minutes  preponderate,  in  conse- 
•  |U«mr«:  lit' tin;  loss  by  evaporation. 
'^  Th»-  li»^s  *}{' Mr'irrhi  within  any  kuDwn  period  iK^ing  determined,  the 
•■'•pWKing  i^^-^wer  of  tli<-  air  will  Ix'  as  tlv  loss  of  weijiht;  but  as  the  cva- 
pwitifliii3  mnn-  <*r  less  rapid  in  proportion  as  there  may  be  more  or  less 
■Sitilna,  it  will  not  be  riuht  to  infer  that  the  quantity  of  aqueous  vapour  in 
U»  ttnospberc  is  inverse 'ly  as  tlie  rate  of  evaporation,  unless  the  process 
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iminflnwtced  by  tbe  wind*   Ofcounethedish  thouldbeof 
dimeDflioiiSy  accurately  detennined;  2  inches  aquare  for  inalaDce. 

Confounds  of  Chlorine  wUk  Waierm 

861.  Hydraie  of  CUorinei^—- Berzelius  observes  that  chkrine 
fte  <nily  instance  of  an  elementary  substance  capaUe  of  entering  inlo 
bination  wUh  water.    I  allude  here  to  a  crystalline  compound  fbrmod    _ 
pasring  the  gas  through  that  liquid  at  a  temperature  below  40^  F»    Tki 
hydrate  thus  formed  is  capable  of  being  sublimed  from  one  part  of  the 
taining  Teasel  to  another,  in  consequence  of  a  slight  diversity  of  ^' 
ture.    It  consists  of  one  volume  of  chlorine,  and  twenty  volumes 
vapour* 

852.  Sohiium  of  Chlorine  in  Water* — ^The  same  eminent  auAor  ri» 
leges  that,  in  order  to  obtain  a  saturated  solution  of  chlorine  in  watei^  il  is 
neoeMiy,  in  the  fint  iBstaDoe,  to  exi«l  fiom  the  latter  aU  Uio  ^^^ 
air. 

Of  the  Deutaxide  or  Biaxide  of  Hydrogen^  w  OxygBmaM 

Water. 

853.  In  1818,  Thenard  discovered  that  water  waAi  be 
made  to  receive  9n  additional  quantity  of  oiygen,  bf  diB- 
solving  deutoxide  of  barium  in  liquid  muriatic  acidypreci- 
pitati]^  the  baijrta  by  sulphuric  acid,  and  the  chknme  by 
silver. 

854.  Properties. — ^The  bioxide  of  hydrogen  is  as  fiqnid^ 
and  as  devoid  of  colour  as  water.  It  is  nearly  iMdorooSi 
whitens  the  tongue,  inspissates  the  saliva,  and  tastes  like  - 
some  metallic  solutions.  Applied  to  the  skin,  it  creates  a 
smarting  sensation,  more  durable  in  some  persons  than  in 
others.  Its  specific  gravity  is  1.452.  Hence,  when^ured 
into  water,  it  descends  through  it  like  syrup,  but  is  dis- 
solved by  agitation.  As  it  is  less  easy  to  vaporize  thaa 
water,  it  may  be  separated  from  that  liquid,  by  exposure  it 
vacuo  over  sulphuric  acid.  (309.)  In  its  most  coDcea- 
trated  form,  it  has  not  been  congealed  by  any  degree  of 
cold  to  which  it  has  been  subjected.  The  most  surprising 
property  of  this  substance  is  that  of  giving  off  oxygen 
explosively,  on  being  brought  into  contact  with  substanoes 
which  do  not  unite  with  either  of  its  ingredients.  Thus  it 
explodeft  by  contact  with  finely  divided  silver,  platinam  or 
gold,  and  still  more  actively  with  oxide  of  silver  or  peros* 
ide  of  lead.  The  difiiculty  of  explaining  these  phenomena 
has  already  been  noticed.  (421,  &^c.) 

855.  When  mingled  witli  the  mineral  acids,  its  liabilitf 
to  decomposition  is  diminished.    If  exposed  to  heat  in  its 
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Bost  concentrated  state,  a  few  grains  create  a  violent  ex- 
plosiorL  When,  by  dilution  with  20  parts  of  water  and 
exposure  to  heat,  it  loses  all  the  oxygen  which  it  holds  be- 
vonJ  the  quantity  necessary  to  the  composition  of  water, 
a5  much  oxygen  is  found  to  be  evolved  as  the  hydrogen  in 
the  rciiidual  water  retains.  Hence  it  is  generally  supposed 
to  consist  of  one  atom  of  hydrogen  and  two  of  oxygen. 

Remarks  on  Nomenclature. 

S56.  Some  of  the  most  eminent  European  chemists  have,  most  erronc- 
OL^iy  .'ind  inconsij^lently,  designated  the  acids  formed  by  hydrogen,  with  the 
^l^ctrMDf'gativc-,  or  basacigcn  bodies,  as  hydracids ;  while  analogous  com- 
pr-ynds.  formed  by  other  radicals,  were  designated  by  prefixing  syllables 
ayiiciiire  of  tho  electro-negative  ingredient.  Thus  we  have  had  hydro- 
cLluric,  hydrobromic,  hydroiodic,  hydrofluoric,  hydrocyanic,  &c.,  to  sig- 
nify rhe  acid  compounds  of  hydrogen  with  the  halogen  elements;  while 
•»■  ha\c  had  fluoboric  and  fluosilicic  to  signify  acids  formed  with  the  ra- 
dicals lioron  and  silicon  bv  fluorine.  Thus  the  former  series  is  character- 
'mA  l.y  letters  taken  from  the  radical,  the  latter  by  letters  taken  from  the 
el^rtrfF-uogative  <»r  basacigcn  ingredient,  while  hydrogen  is  placed  by  the 
3t«ir-  of  oxvgcn,  with  which,  in  proiKirties,  it  is  extremely  discordant.    (633, 

•*.'i7.  This  error  I  pointed  out  in  an  article  published  in  the  Journal  of 
Piianr-icy,  in  the  autumn  of  181^3,  and  in  a  letter  to  Professor  Sillinian.* 

Tiic  f«*I'j-win;j  paui^c  is  in  the  letter  to  which  I  have  referred. 
"  Jr.  criQiiDMn  vith  other  einint'iit  chemists,  Jierzelius  has  distinguished  acids  in 

•  .■»i«:S  f.iX'ji  vt  IS  thetlcrtro-iK.'irative  principle,  iih  oxacids,  and  those  in  which  hy- 
dr-t^::.  t»  a  pmrninvnt  injjredient,  as  hijdrarids.  If  we  look  for  the  word  radical  in 
\u.  ^^t.\t^A  r.-nti-ntaftf  hin  invaluable  Treatise,  wo  are  referred  to  p.  2ld,  vol.  Ist, 

•  Lrr"  w»  nri'j*  thf  T'lllnwinij  definition.  *• //ic  rombustihlr.  hodij  contained  in  an  acid, 

•»  t«  «  fuiiitiif'/f  hiift.  is  cfitltd  t/tr  radical  of  the  acid,  or  of  the  hasc."     In  the  socond 

V'L.^^.  \*Z\.  he  dctines   iiydrarids  to  be  ''those  acids  which  contain  an  electro- 

f '  rv*..TeS'.«]y  /f.i;ib:ned  with  hydro«ren;"  and  in  the  next  paj;e  it  is  stated,  that  "hy- 

^irvi^iTi-  tiiwiird  jiitii  those  which  have  a  simple   radical,  and  those  which  have  a 

r-n'^ii^'i  riiiical    Tl:c  sccniid  only  comprises  those  formed  with  cyanogen  and  sal- 

p.*i«*'Tac/f».-,      Airain.  in  tin;  next  priraj^r.-iph,  '•  no  radical  is  known  that  gives  more 

li.ia  'ni«  tfiii  wit-i  hydroiren,  althouirli  s\ilphiir  and  iodine  are  capable  of  combining 

«".iii  it  in  tu!i\  pr'ipf»rTiiins.     If  at  uny  future  day  more  numerous  degrees  of  acidi- 

ficatf-n  wr:i  aydn  :r«Mi  >h«iubl  be  discovered,  their  denomination  might  bo  founded 

♦'U  bff  r^tot  ftfirii  jplcM  as  tlio>c  of  o\aci<ls. "    Consistently  with  these  quotations,  all 

ti*^  ii*rtr -r.f  r.itiVf  elfinenls   formiu''  acids  with   hydrfij^en   arc   radicals,  and  of 

tourt^.  t«y  a.« -'VK  M  d«.'firiition,  combnsfil»l«'s;  while  hydrojren  is  made  to  rank  with 

MTjtn  a.1  ;- ^1  nil t\inir  principle,  and  <'oijse(iuently  is  neither  a  radical  nor  a  com- 

'*^-i-\-,     Y-r,  p«^c  Ir'.',  vol.  tid.  in  cxplaininu  tbi^  reaction  of  tlu(»boric  acid  with 

■»>T  .ri  wTiKii  •■■i!-e  fluorine  unites  both  with  hydroiren  and  boron,  it  is  mentioned 

M^«*  ib^tihc  .iiiioiij^  others  in  which  fluorine  combines  witli  tiro  comhustihles. 

''lib  'jf  ^piiit'^n  tiiat  the  employment  of  the  word  hydracid,  as  co>ordinato  with 
^no^.  muatUTid  to  convey  that  erroneous  idea,  with  which,  in  o[)po8ition  to  his 
c n Cc£aiti^n .  tin?  author  beems  to  have  been  imlxied,  that  hydrogen  in  the  ono 
***«|4iff  the  *aine  jiarl  as  oxygen  in  the  other.  I>ut  in  reality,  tiie  former  is  cmi- 
AntiT  icocibiintible.  and  of  course  tlie  radical  by  his  own  definition. 

**  Or.  IViQisMiii,  m  his  sy.>item,  df>es  nol  recognise  any  class  of  acids  under  the  ap- 
yrlhtiM  rf  iivilracid'*,  but,  uitli  jjniater  propriety  as  1  conceive,  places  them  under 
nan  JB^AUri:;  their  electro-negative  principles.  I'hus  he  arranges  them  as  oxy- 
fva  aei^.  ciilfirine  arid«,  bromine  acids.  iiHline  acids,  iluorine  acids,  cyanogen  acids, 
Mip6v  aculto,  selenium  acids,  and  tellurium  acids.     These  appellations  might,  I 
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Afterwards  I  had  tho  satisfaction  of  obscrv-ing,  that,  in  an  edition  of  his 
Traite,  then  in  the  press,  Thenard  was  acting  upon  a  similar  view  of  tins 
subject,  and  employing  the  language  which  I  had  suggested.  Moreover  I 
found  that  Dr.  Thomson  had  not  arranged  the  acids  alluded  to  under  the 
name  of  hydracids,  but  had  put  each  of  them  under  the  name  of  its  clectnv 
negative  ingredient.  Hence  they  were  treated  of  under  as  many  heads  m 
there  are  basacigen  bodies.  Or,  to  be  more  particular,  they  were'  trealad 
of  as  oxygen  acids,  chlorine  acids,  bromine  acids,  iodine  acids,  Jluorim 
acids,  cyanogen  acids,  sulphur  acids,  selenium  acids,  and  tellurium  ackb. 
858.  Consistently  with  the  process  of  abbreviation  by  which  oxacid  baa 
been  employed  to  designate  an  acid  formed  by  oxygen,  and  hydiadd  to 
signify  an  analogous  combination  formed  with  hydrogen,  I  have  made  the 
following  abbreviations  of  the  appellations  employed  by  Thomson:— 

For  Oxygen  acids     to  use    Oxacids. 
Chlorine  acids        „         Chloracids. 


Bromine  acids  „  Bromacids. 

Iodine  acids  „  lodacids. 

Fluorine  acids  „  Fluacids. 

Cyanogen  acids  „  Cyannrids. 

Sulphur  acids  „  Sulplincids. 

Selenium  acids,  „  Sclenacids. 


Tellurium  acids      „        Telluracids. 

859.  The  acids  formed  by  oxygen  received  their  names,  for  the  moat 
part,  before  the  basacigen  bodies  were  recognised  as  (elements,  or  the  exist- 
ence of  some  of  them  discovered.  Hence,  ifi  the  case  of  the  oxacids,  it  n 
neither  customary  nor  expedient,  to  prefix  any  syllabk^s  indicating  their 
basacigen  ingredient.  Consequently,  we  have  sulphuric,  sclenic,  tclluriCf 
chloric,  bromic,  iodic,  &c.  &:c.  instead  of  oxysulphuric,  oxyselenic,  oxy- 
telluric,  oxychloric,  oxybromic,  oxiodic,  &c.  The  syllables  were  employed 
prior  to  the  recognition  of  the  olomentary  character  of  rhiorinc,  to  desig- 
nate an  oxacid  with  an  extra  proportion  of  oxygen.     Thus  chlorine  was 

think,  bo  advantageously  abbreviated  into  oxacidn,  rbloracidfl,  bromacidfl,  iodacidii 
fluacids,  cyanacids,  sulphacids,  scIcnacidH,  telluracids. 

"  I  had  formed  my  opinions  on  this  subject  before  I  was  aware  that  Dr.  Thomioa 
had  resorted  to  this  classification. 

"  As  respects  the  acids  individually,  I  conceive  that  it  would  be  preferable,  if  tke 
syllable  indicating  tho  more  electro-ncuativn  element  had  precedency  in  all,  ■•  it 
has  in  some  cases.  Tho  word  hydrofluoric  docn  not  harmonize  with  naobwic,  £»► 
silicic,  fluochromic,  fluoinolybdic.  Ac.  Fluorine  being  in  each  compound  thcelectnv 
negative  principle,  the  syllables,  indicatini;  its  presence,  shoald  in  each  name  occo|iy 
tho  same  station.  These  remarks  will  njjply  in  tlio  case  of  acids  formed  with  hydro- 
gen by  all  principles  which  are  more  electro-neimlive.  Hence  we  should  use  lb« 
terms  chlorohydric,  bromohydric.  iodoliydric,  fluoliydric,  cyanhydric,  instead  of  hy- 
drochloric, hydrobromic.  hydriodie,  hydrofluoric,  hydrocyanic. 

"  As  by  the  Hritinh  chemists  the  objectionable  words  have  not  been  defiQitiTcly 
adopted,  the  appellations  muriatic  and  prussic  beinrr  still  much  employed,  it  maj  not 
bo  inconvenient  to  them  to  introduce  those  whi<*h  are  recommended  by  connitency. 
In  accordance  with  the  premises,  the  acids  formed  with  bydrosren  by  sulphur,  tclom- 
um,and  tellurium,  would  be  called  severally  sulphydric.  selenhydric,  ana  tclluhydrie 
acid.  Compounds  formed  by  tho  union  of  the  acids,  thus  dcsii^nated,  with  the  bogs  it- 
verally  generated  by  the  same  electro-negative  principles,  would  be  called  tolpkj- 
drates,  sclenhydrates,  and  telluhydratcs,  which  are  the  names  given  to  theM  coon- 
pounds  in  the  i^erzelian  nomenclature.  Influenced  by  the  analogy,  a  student  wooM 
expect  the  electro-nogative  ingredient  of  a  sulphydrate  to  be  suTphydric  acid,  not  • 
sulphido.  Tho  termmating  syllable  of  this  word,  bv  its  associations ,  can  oa^ 
convey  tho  conception  of  an  electro-positive  compound." 
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oxymuriatic  acid,  being  supposed  to  be  an  oxide  of  an  unknown 
ndicd,  with  an  extra  dose  of  oxygen.  (888.)  At  this  time,  oxychloric 
acid  dBBgnates  the  acid  which  has  more  oxygen  than  the  chloric  acid. 

861.  The  anali^  between  the  acids  formed  by  hydrogen  with  the  halo- 
foi  kdiesv  chlorine,  bromine,  iodine,  fluorine,  and  cyanogen,  render  it  both 
iemMe  tind  practicable  to  treat  of  them  in  a  body,  mainly  by  reference  to 
cyafohydnc  acid.  Hence  I  shall  employ  the  word  kalokydric^  to  desig- 
aledi09e  acid  compounds;  and  in  obedience  to  similar  considerations,  the 
(brmed  with  hydrogen  by  the  amphigen  bodies,  sulphur,  sele- 
and  tellurium,  will  be  <lesignated  as  amphydric  acids. 

Ml.  The  coinpound  formed  by  the  union  of  hydrogen  with  oxygen,  the 
fnloxide  of  hydrogen,  (water,)  ought  not  to  be  included  under  the  bead  of 
Ike  amphydric  acids.  Of  this  oxide,  the  pretensions  to  the  characteristica 
tf  a  base,  are  at  least  as  high  as  those  which  can  be  advanced  for  it  as  an 
iod.  Of  course  it  cannot,  with  propriety,  be  classed  with  any  a^id  com- 
pounds. It  is  in  reality  an  anomalous  substance,  performing  a  part  in  na- 
ture of  such  pre-eminent  importance,  as  to  merit  to  a  certain  extent  an  iso- 

itied  position,  and  undivided  attention. 

8(2.  Names  of  the  halohydric  acidsj  or  tJiose  formed  by  the 

/re  halogen  bodies^  chlorine^  bromine^  iodine j  fluorine  and 

cwanogeny  with  hydrogen^  as  heretofore  given  by  the  French 

chemiitf,  also  by  Berzelius,  Tumerj  and  others^  contrasted 

with  those  now  employed  in  this  Compendium^  agreeably  to 

the  prodice  of  ITienard,  and  with  the  approbation  of  BoT'' 

zdius.^ 

For  hrdrochloric  use  chlorohydric. 

„    hydrobromic  „  bromohydric. 

„    hydroiodic  „  iodohydric. 

„    hydrofluoric  „  fluohydric. 

„    hydrocyanic  „  cyanohydric. 

^.  Sames  of  the  amphydric  acids^  or  acids  formed  by  the 
omfkygen  bodies  of  Bcrzclius  {excepting  oxygen)  with  hy- 
drogen. 

For  hydrosulphuric      use      sulphydric 
„    hydrosclenic  ,,        selenhydric. 

,,    hydrotelluric  „        telluhydric. 

*  Ickcerfally  admit  that  it  would  bo  preferable  to  employ  the  word  chlorohydric, 
^Smi  of  hydrcK-hloric.  My  motive  for  retaining  tliis  laat,  was,  that  I  was  unwill- 
■f  tivtatnrt  upon  a  new  nomenclature  in  a  language  foreign  to  mo,  in  which  it 
VManpcdlwot  to  make  changes  which  could  be  avoided  without  inconyenience. 
'*h»^pM  with  joa,  that  wo  ought  not  to  use  combustible  and  oxidable,  as  having 
"^^  memning.     1  have  deserved  your  strictures  for  this  inconsistency  in  my 

bat  i  must  suggest  as  an  apology,  tliat  the  two  words  were  formerly  used 
^manm,  and  that  the  work,  in  which  you  have  recently  noticed  this  over- 
^riM^VMffil  published  m  1806,  having  been  from  time  to  time  remoulded  for  new 
MMM^  vdWot  its  haying  boon  po«iblo  to  eradicate  all  that  has  not  kept  pace  with 

"  ofaCAGOCC. 


[ 
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COMPOUND  OF  HYDRGGEX  WITH  CHLORINE. 
Of  Chlorokydric  or  Muriatic  Acid  Gas. 

864.  When  hydrogeo  and  chlorine  are  mixed  io  equ 
volumes  they  combine  spontaneously.  In  the  dark,  m 
where  the  light  is  feeble,  the  union  is  slowly  accomplished 
but,  in  the  solar  rays,  takes  place  explosively.  According 
to  Silliman,  the  direct  rays  of  the  sun  are  not  necessary  t( 
produce  the  result.  The  mixture  may  also  be  exploded  b) 
the  electric  spark,  or  by  contact  with  any  ignited  matter 
However  tlie  union  may  bo  effected,  chlorohydric  or  mu- 
riatic acid  gas  is  produced,  without  any  reduction  of  vo- 
lume if  DO  water  be  present- 

Synthesis  of  Chlorokydric  Acid  Gas~ 

865.  In  order  to  demonstrate  the  ratio  in  which  chlo- 
rine and  hydrogen  combine,  it  is  only  necessary  to  intro- 
duce and  ignite  in  the  volunieacopc  over  water,  equal  mea 
sures  of  cacli  gas.  If  they  be  pure,  there  will  be  a  complcti 
condensation.  The  experiment  is  conducted  precisely  a; 
in  the  case  of  oxygen  and  hydrogen,  excepting  that  in  lieu 
of  a  half  volume  of  oxygen,  a  volume  of  chlorine  is  sup- 
plied from  a  self-regulating  reservoir.    (798.) 

Rrplosicc  Reaction  of  Hydrogen  icilh  Chlorine,  under  the  u^uenn  if 
tht  Solar  Rtti/s. 

Sr,li.  AflaskisbairGIIrd  with 
dilorine  ovnr  llic  pneumatic  ci»- 
tern  in  the  usual  way,  anJ  thai 
Iransli-Trttl  to  ihc  |iaji  P,  so  as  to 
liavo  [is  orilicr  exactly  over  ital 
(•fa  j>i|)c  w)iicli,  at  ihe  other  end, 
<oimiiuiiif:in-s  with  the  cock  C, 
lu  wliic-l)  is  aniicxt-il  a  fli'uUe 
jii|H'  cxH  inline  Ion  sc'ir>rcgubl> 

-U7.  The-  lli.s'k  is  "sufTounJi'd 
liy  a  win-  jraiiw,  W,  and  jusi  l«c- 
Ktc  [he  ('\|il.ision  is  ilcsircci,  hy- 
ciriii^f('a  triiii  ilio  ri-scrvoir  is  al- 
lipiiTii  l<)  iK.ni|iy  thai  )M>rtiun  oi 
(In;  cavity  wliich  wiw  pn-i'iousll 
niiorcupii-(i  liy  the  <'}iIoriiie.  li 
Bhould  1)0  iinilcrstood  ilinl  Ihr  jian,  ilurin^  idis  oixTaitmi,  retains  n  sufliacfit 
stratum  of  water  to  cuvi^r  tlic  inuiilli  of  \\i'-  Ikisk,  ainl  tliat  this  is  [)ccu[iiH 
with  the  saiiii;  lii|iiiil  in  juirt  uiilil  ii  is  ilis|il.ir-<>il  by  tin'  hydros' 'i>- 

H(i-4,  TIk.-  pR-liiiitnury  urruiijiciiiiiilb  U-iii^'  iimde,  u  mirror  inusr  be  plMCC 
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■  a  RbotiaD  to  raeeire  the  solar  rays  without  paasmg  through  window  glus, 
mi  to  Rdea  thcDi  upon  tbo  flask.  Tlie  result  is  an  exploeion,  tmat  the 
(AcU  «' which  the  spectators  arc  protected  by  the  wire-gauze> 

86a  It  nmat  be  obvious  ihnt  this  experitnent  cau  only  succeed  when  the 
■airiDobKUTn). 

RW.  It  sbouid  be  understood  that  the  condensation  arises  altogether  from 
Aeikorpdon  of  the  gas  by  the  water.    (866.) 

Preparation  of  Chlorohydric  or  Muriatic  Add  Gas. 


^1.  Into  a  tubulated  retort,  introduce  about  as  much 
tliloride  of  sodium  (common  salt)  as  will  occupy  nearly 
ont^iiird  of  the  body,  A.  Lute  a  glass  funnel,  furnished 
■ith  a  cock,  into  the  tubuliire.  Let  the  orifice  of  the  beak, 
IL  be  so  depressed  below  the  surface  of  the  mercury  in  the 
CMem.  as  to  be  under  a  bell  glass,  filled  with,  and  inverted 
OTW.the  mercury,  and  pr<>i)erly  situated  for  receiving  any 
pi  which  may  escape  through  the  beak.  Prepare  about 
Ihiee-lciurths  as  much  strong  sulphuric  acid  by  weight  as 
there  may  be  salt  iu  the  rotort.  After  pouring  about  one- 
timd  <rfth«'  acid  into  the  retort,  close  the  cock  of  the  fun- 
vi:  the  mixture  will  rise  in  a  foam,  and  a  portion  of  gas- 
wtB  matter  will  paps  into  the  bell.  As  soon  as  the  loam 
■biidt-s,  add  more  of  the  acid  until  the  whole  is  intro- 
^wd.  Then  as  soon  as  the  foam  again  pubsidcs,  apply 
thechauircT.  C  and  chlorohydric  acid  gas  will  continue  to 
l»  oxHOusly  evolved.  I  have  of  late  substituted  for  the 
'niiMJa  glas?  tube  of  about  a  half  an  inch  in  bore  at  one 
t»4  tapering,  at  the  other  end,  to  an  orifice  of  about  the 
eighth  of  an  inch  in  bore.  This  tube,  being  inserted  into 
(be  retort  through  the  tubulure,  and  hited  thereto  air-tight, 
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affiwds  a  channel  for  the  gradual  introdncti(»i  of  the 
which,  surroonding  the  lower  orifice  of  the  tdie, 
thegas  fitMn  escapiDjg. 

872.  Ratumah  ojtlie  Process. — ^The  water 
with  the  flolidiuric  acid  is  decompoeed;  its  oxjrgei 
with  the  sodium,  fomung  soda,  with  which  the     ' 
acid  combines,  forming  sulphate  of  soda.    The  h; 
of  the  water  and  the  chlonne  escape  as  chlorcAyi  * 
gas. 

873.  Properties. — Qilorohydric  add  has  all  the 
butes  of  a  gas.  It  is  cotourless,  and,  although  ku  uM 
than  chlorine  gas,  is  to  the  organs  of  respiration  intohnpi 
Uy  irritating,  and  if  not  very  dilute,  deleterioua  to  Bfair 
On  escaping  into  the  air,  it  produces  white  fiunest^loinift 
meeting  wim  moisture.  Its  affinity  for  water  is  •»  grei| 
that  this  liquid  will  take  up  430  times  its  bulk,  ws^  winA 
in  this  statt^  ice  is  liquefied  as  if  surrounded  w  firs* 
MThen  broi^R  into  contact  with  the  metals  niiich  cbcooi- 
pose  water,  its  hydrogen  is  liberated,  while  the  dtorins 
unites  with  the  metal.  Equal  weights  of  potusiioi  sepa- 
rate the  same  weights  and  volumes  of  hydrogen  finoft  cmo- 
rohydric  acid,  and  fix>m  water;  a  result  confonoahk  will 
the  inferred  aUnnic  compositicm  of  both.  Presnlld  to  mt 
tallic  oxides,  a  reciprocal  decomposition  ensues ;  llji  InrdRh 
gen  unites  with  the  oxyen  generating  water,  the  chfoiiDO 
with  the  metal  producing  a  chloride.  If  mingled  with  osf' 
gen  and  exposed  to  the  action  of  heat  or  a  succeinoo  of 
electric  sparks,  gaseous  chlorohydric  acid  is  partiidly  d^ 
composed.  This  result  cannot  be  extended  to  more  tbaa 
iVth  of  the  whole  volume.  At  the  temperature  of  50*^,  aii 
under  a  pressure  of  forty  atmospheres,  it  becomes  a  cokii^ 
less  liquid. 

874.  Its  specific  gravity  is  1.2694,  a  mean  betweoBtbit 
of  its  constituents.  The  weight  of  100  cubic  indies  is 
39.36  grains. 

One  atom  of  chlorine,  equivalent  36 

And  one  atom  of  hydrogen,  equivalent  1 

Constitute  one  atom  of  chlorohydric  acid  gas, 
equivalent  37 


Experimental  lUustrations. 

Equal  volumes  of  hydrogen  and  chlorine,  being 
md  subjected  to  the  solar  rays,  (867,)  or  galvanic 
,  (818,)  explode  and  form  chlorohydric  acid  gas. 

Gas  collected  over  mercury  in  tall  jars.  Water, 
d  by  litmus,  being  introduced,  rapidly  changes  to  a 
wr,  and  causes  the  disappearance  of  the  gas.  Same 
reduced  by  ice,  which  is  rapidly  melted. 

'ontion  of  liquid  Chlorohydric  or  Muriatic  Acid. 
It  may  be  obtained  by  saturating  water  with  the 
Voulfe^s  apparatus.  (See  the  following  figure.)  The 
it  neaiiy  pure  in  all  the  receptacles  excepting  the 


impTOved  rorm.     The 

.    ,  jNLBBCB  inin  uio  giooe  wiiere  any  yapotir  which  mnj 

it  condcnHii  It  then  proceeds  aloag  the  lube  whirh  eetabliihat  ■  com- 
with  the  Inllli-  next  In  t]ie  I'lobo.  A*  that  mouth  of  this  tubs  which  is 
teoOlc.  i]  bcU.w  tlic  mirTni-R  of  the  liquid  [.Iseed  Ihcie  to  absorb  it,  the  gta 
lie  up  tiirough  the  liqiiiil.  eo  UH  to  proiiioto  ita  own  sbiorption  hy  the  ogi- 
indncod.  It  liiFQ  tJBL's  above  llie  lurfiice  of  tlio  liquid,  where  ■  further 
Vikm  plaev.  The  ocoiis  of  gas,  beyond  the  quantity  ebaarbed  by  the  li- 
inrt  Inltle,  paaiiea,  liy  iiieani  ofthe  connecting  tube,  to  (he  second  bottle, 
Mr  portion  ii<  not  then'  .ibxrirlird.  reaches  Ihi^  third  bottle,  in  the  case  of 
pDCPM  priKecd*  ax  in  that  ofthe  Krat  two.  Should  any  oftbe  gu  escape 
mien,  It  may,  br  Icn^hcnin);  tlie  last  lube,  be  conducted  under  a  bell 
with  water  vn  llie  >^hcir  of  the  hydro- pneumatic  ciatem,  so  aa  not  to  an- 
natar  Bat  thia  nrver  takes  jilace  in  ttic  cose  of  chlorohydric  acid  go*, 
Mar  ii  Dearly  iialurnlcil. 

fmitg  the  eitrication  of  gas  to  ceiso  before  the  liquid  in  tho  first  bottle 
..the  iibaorptioD  ciinlinuinf>-tlic  liquid  in  the  second  bottle  might  bo  trana. 

•  fint.  m  conspqut-nre  ul  the  rarefaction  of  the  residual  gns  rendering  il 
It  to  resist  the  aliii'.spheric  pressure.     In  like  manner  the  cnnlcnta  of  the 

Binht  be  lianafiTTiMl  to  thl^  second.  To  prevent  these  incomcnienccn, 
each  bottle  a  slraiiilit  tulie  fastened  uir-light  into  an  intcrinodiate  neck, 
dug  iaiA  the  liijiiid.     By  these  means  an  adequate  pressure  is  opposed 

•  ofthe  K^rand  vi-t  any  diminotiou  of  pressure,  arising- from  absorption, 
aniHled  by  thi-  iii^rcia  of  aInioaph.Tit;  nir,  ere  the  liquid  can  be  drawn 
■■  Dcit  bottle.  T;  jiicvent  absorption  from  the  firat  bottle  into  the  globe. 
«•,  far  tbe  intrixluclioo  of  the  acid,  a  trumpet- mouthed  tube  of  smalt 
m  throogii  uid  luted  into  the  tabuluro  bj  a  cnrk  with  lead  and  a  gum 
tfi,uad  UnainatinKinaamallnriftceneirthe  bottom  of  the  retort  inside. 


_ incbaa»,lhitllianl'.>timl  it 

■MitlBtlMBntrala(t.iMMnd«rB]L    Ik  aUthB  of  ■iil}.hi<[ic  » 

Cto  eona  am  pan,  witbaU  hMt  mt  fint,  but  witk  tha  ud  ol'  n  ^niillu  hnil,  uarif 
whole  m^  b«  oTohFOd,  utd  of  eonna  abwAad  bj  tha  waicc,  placud  poifiiHlj 
withfai  ratotta,  Ho.  I  aad  S.  It  ii  rnftnUa  to  rfd  a  fooith  tntatU  utJ  le  lun 
Ilo.  S  Vula  ndl,  hoUi^  ool;  •  mmD  qoasiitj  i/watBT,jnat  sdtquaia  tu  wuLtad  j 
if  tta  gM  w^ Mlphnia aoid  irtUi  mjattand  It  jK  the  IhRti  oT  a  ipnj.  Itoiq' 
b»  fWDwfceJ.  that  oaeeJwt^  of  thJaptoBowM,  thai  the  imowhiih  1»d>o«IIju 
iBqwiili  ia  Bqnid  ehktahvMo  add,  farma  a  oomBMad  with  ■ulphitrn:  icld.  nbiot 
■  DO*  filw  th«  «hlocida  af  that  laatal,  ToUtila.    CMaaquntlj.by  tlua  {•ouna.lti 


UMiTSkR^drie  aeid  mar  aim  ba  oUalMd  bj  ij 
b  or  aodlaa^vstar  with  n^*iiiio  aeid.    In  this  way 


tuw  .iliclo.    IIukM 
a  with  tha  leqnuita  ^nantitf  i^  witer.  4 

883.  Pn^iertiM  ^<Ae  liiyuirf  CA/oroAyrfnV  ^ciW.— When 
concentrated,  it  prodaces  suffocating  ftimes  from  the  e»- 
cape  of  gas.  When  pure,  it  is  colourless,  iliough  osuall; 
BtrawK»KHired  frran  the  presence  of  a  miimte  portion  of 
iron.  I 

884.  Dr<  ThomsoD  informs  us  that  the  ^^trongest  liqaid  I 
acid  which  he  could  obtain,  consisted  of  onn  iitom  of  aciJ, 
equivalent  37,  united  with  six  atoms  of  waLur,wlucfi  k-iug 
equivalent  to  54,  the   proportion  of  acid   to  witer  ^ 
weight  was  as  those  numbers,  or  nearly  as  2  to  3.* 


'  The  raUtiTO  eqinTilaiit  proportion  of  cblorofajdhc  aoid  and  w*tMr,  or  p 
of  nid  acid,  by  wau^it,  in  »■— ~~-  — 
laarlMd  fVom  the  roUowuf  ti 


1,  by  weu^it,  in  agneaiii  •olutiona  of  diSeient  >p«cific  nnlliea,  i 
n  the  roUowiBf  tihle.    (See  TboouoD'i  Principle!  of  CEeaMtry.) 


^^ 
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Experimental  Illustrations. 

quid  chlorohydric  acid  exhibited;  also  its  reac- 
>ther  bodies. 

m 

Theory  of  the  Nature  cf  Chlorine  and  Chlorohydric  Acid* 

rohydric  acid  was  deemed  to  be  a  compound  of  oxygen  with 
rn  radical.  When  distilled  from  red  oxide  of  lead,  or  black 
gaiiese,  it  was  supposed  to  combine  with  a  portion  of  the  oxy- 

oxidcs,  forming  oxygenated  muriatic  acid,  the  name  then 
line.  To  the  oxygen  thus  imagined  to  exist  in  it,  the  activity 
is  a  supporter  of  combustion  and  as  a  solvent  of  metals,  was 

has  since  been  proved  that  neither  carbon  nor  the  metals  are 
n  intensely  ignited  in  dry  chlorine.  The  metals  are  converted 
I,  while  the  carbon  undergoes  no  change.  Chloride  of  sulphur 
e  of  phosphorus,  which  result  from  saturating  these  substances 
uinc,  are  devoid  of  acidity;  but  the  addition  of  water  converts 

muriatic  and  phosphorous  acid,  the  other  into  muriatic  and 
MIS  acid. 

ilorine  be  muriatic  acid  oxygenated,  the  disodlery  of  the  bypo- 
oious,  chloric,  and  oxychloric  acids  must  establish  this  aoo- 
le  radical  of  muriatic  acid,  by  successive  additions  of  the  same 
iaciple,  gains,  loses,  and  regains  acidity,  forming  first  an  acid, 
de,  and  finally  four  acids.  I  have  said  it  forms  an  oxide,  be- 
ne moit  be  deemed  an  oxide,  having  no  acid  properties, 
as  \xm  stated,  page  156,  that  Thenard  oxygenated  the  water  in 
tic  add;  yet  this  did  not  convert  it  into  a  solution  of  chlorine, 
^eeably  to  the  doctrine  now  universally  sanctioned  by  chemists, 
:  acid,  consisting  of  chlorine  and  hydrogen,  is  deprived  of 

all  those  processes  by  which  it  was  formerly  supposed  to  be 

Of  Bromohydrie  Acid. 

obtain  bromohydrie  acid,  Berzelius  recommends  that  phospho- 
e  placed  in  contact  with  bromine  under  water.  The  resulting 
eaolved  into  phosphoric  acid  and  bromohydrie  acid  gas.  The 
e  collected  over  mercury,  or  made  to  produce  liquid  bromohy- 
union  with  waior,  exactly  by  the  same  means  as  have  been  il- 
the  case  of  chlorohydric  acid,  which  the  bromohydrie  acid  much 
Bromr>hydric  arid  is  a  colourless  gas,  in  smell  similar  to  chlo- 
iL  It  has  a  specific  gravity  of  2.7353.  When  brought  in  con- 
e  air  it  produecjs  thick  fumes.  It  is  decomposed  in  passing 
ibc  heated  red-hot.  It  is  composed  of  one  atom  of  hydrogen 
tromme. 

Of  lodohydric  Acid* 

ording  to  Berzelius,  in  order  to  procure  iodohydric  acid,  nine 
oe  and  one  of  phosphorus  should  l)e  placed  in  contact  at  the  bot- 
le  or  small  matrass,  and  protected  from  the  air  by  powdered 
de  of  phosphorus  is  formed,  which  is  resolved  into  phosphoric 
lohydric  acid  gas  by  the  gradual  affusion  of  a  small  quantity  of 
e  gas  cannot  l)e  collected  over  water  or  mercury,  as  it  acts  on 
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Ibo  one  and  is  abioilied  by  tbe  other.  i  becallected  iah 

dn,  by  mnna  of  tubea  Awwaiding  thn      i  aea  onDces  to  their  bn 
vtich  ia  BDKlogMH  la  the  mode,  already  •    i>(rat«d  oa  a  large  scale,  A 
beting  chlorine.  (866.)    Hub  procen  b  wt  roon  practicable  in  I 
is  point;  ance  iodohydric  add  ia  the  beanial  gas  known,  having  n 
gnnhr  of  4.38M,  or  nme  tban  four  times  as  great  as  that  of  a^ 
air.    In  oonqmitioo  and  geaetal  properteit  i«sam"      *'~    ' 
braoxihydric  acid. 

BBS.  TV  compoond  of  hydit^en  with  flnorine,  forming  the  oaictA 
■par  QT Jbukfdrie  nod,  improperly  called  hydrofluonc  acid,  will  It  dl' 
led  Jbr  oooaideratioa,  UiUil  boron  and  nlicon  hsvt?  been  trcaled  of.  f,, 

COBIPOUNDS  OF  HYDROGEN  WITH  SliLPniTR. 

893.  It  appears  probable  that  hydrogeo  and  . 
maj  comlniiiB  in  varioiu  proportions.  Only  two  con^l 
poiuida,  howerer,  have  been  snfficiciitly  distitLguisliod,  to  | 
be  worthy  of  a  p^ce  in  this  work.  One  of  these  is  a  defi- 1 
niteconiptHind  of  l^dn^en  and  sulphur,  containing  u  aton  | 
of  each,  and^Juu  Utberto  been  called  sulphuretted  hydro-  j 
gen,  especuDy  hy  the  British  c  emists.  The  other  am-  j 
tuns  one  at<m  of  hydrogen,  witb  a  plurality  of  atoms  of  ] 
sulphur,  irtiich,  atxordiog  to  Hienard,  may  extend  to  the  | 
proportionB  of  four,  six,  or  eight  atoms  to  one.  To  this 
ne  has  according^  giren  the  name  of  polysulphuret  of  hy- 
drogen. I 

^4.  Pursuant  to  the  nomenclature  of  Bcrzelius,  all  the  i 
electro-negative  compoundsofsulpliiiriire  railed  sulphides,  < 
and  are  deemiated  by  attaching,  a^  an  a(it(?cli\  e,  their  ra- 
dical, with  tae  laBt  syllable  changed  into  iqnr  in  French,  or 
te  in  English;  as,  for  instance,  sulphuretted  bydfogen  ii 
called  by  him  in  French,  sulphide  hydrique,  which  in  En^ 
lish  is  rendered  by  hydric  sulphide.  This  gas  has  by  some 
chemists,  especially  the  French,  been  called  hydrosulphuik 
acid,  by  analogy  with  hydrochloric  acid.  The  term  Xydro- 
sulphuric  is  objectionable  from  its  conveying  the  idea  of 
aqueous  sulphuric  acid;  hydro  being  used  to  imply  the  pre- 
sence or  influence  of  water.  I  have  already  [Minted  out 
the  inconsistency  of  designating  some  acids  by  giving  pre- 
cedence to  the  syllables  representing  their  radical,  as  in 
hydrochloric,  hydriodic;  whde  in  others,  the  syllal^  indi- 
cative of  their  electro-negative  ingredient  has  the  prec^ 
deuce,  as  in  fluosilicic,  fluoboric,  chlorocarbonic,  and  chkn 
rocyanic.  If  sulphuretted  hydrogen  is  to  receive  a  nnr 
name,  I  would  prefer  to  call  it  sulphydric  add^  as  alrea^f 
suggested.  (858,  &c.) 
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OfSuIphydric  Acid  or  Sulphuretted  Hydrogen* 

895.  Few  persons  are  unacquainted  with  the  unpleasant 
odour  which  results  from  the  washings  of  a  gun  barrel, 
made  foul  by  the  explosion  of  gunpowder,  or  that  produced 
fcr  putrid  eggs.  This  odour  arises  from  a  compound  con- 
Bstuig  of  one  atom  of  hydrogen  and  one  atom  of  sulphur. 
The  celebrated  sulphur  springs  of  Virginia  are  indebted  for 
iheir  odour,  and  mainly  for  their  efficacy,  to  this  compound ; 
to  which  the  celebrated  Thenard  has  given  the  name  of 
solphydric  acid. 

896.  Preparation. — This  gas  is  copiously  evolved  by  the 
reaction  of  diluted  sulphuric  acid  with  sulphuret  of  iron. 
In  order  to  have  a  supply  of  it  at  command,  it  is  only  ne- 
ceflnrv  to  substitute  this  last  mentioned  substance  for  zinc 
ia  the  self-regulating  apparatus  employed  for  hydrogen, 
already  described.  (706.; 

897.  As  it  is  absorbed  by  water  and  gradually  decom- 
posed by  mercury,  Berzelius  reconunends  that  it  should  be 
received  over  brine.     Its  purity  is  demonstrated  by  its  com- 
pete absorption  by  a  solution  of  caustic  potash,  and  by  its 
not  rendering  lime-water  milky. 

J^OS.  He  also  advises  that  the  gas  should  be  passed 
through  water,  as  otherwise  it  is  liable  to  be  contaminated 
hy  the  2c»neratinir  materials.  When  the  acid  is  sufficient- 
W  diluted*  thr*  action  in  the  apparatus  above  referred  to  is 
s^>2<'ntlo,  th;it  I  am  confident  from  my  experience  that  the 
U^  couics  over  sufficiently  j^ure  for  ordinary  pur{K)ses. 

(.v^rtH'tnt  Mtthoif  of  imf/Htruutifig  fAijiuds  with  Sulvhydric  Jicid, 


•''»'.»  Siipposj'  tlie  little  flask,  F,  to  contain  the  liquid  to  be 
iiiij>rpirnatcd.  mid  the  flexible  pipe,  one  end  of  which  ib  inseitod 
into  the  nritici:  of  tlu;  flask,  to  proceed  from  a  self-rcgulatinfir  re- 
yorvoir  of  sulphydrif  acid :  it  must  be  evident  that  the  ga«,  flow- 
11115  into  tliu  cavity  ot'  the  flask  from  the  orifice  of  the  pipe,  must 
eiitir  tlif  solution.  It'  not  abBorbrd  as  rapidly  aa  it  may  be  yield- 
ed, tlir  rxtCHs  must  Itiittble  up  through  the  solution;  the  cork 
boiiiir  nicanwhilff  loosened  to  allow  tno  atmospheric  air  to  es- 
cifxr.  'I'lio  exj)ul>i«>n  of  the  atiiio«i)heric  air  haviii^  been  com- 
plftfMi.  :incl  the  rork  iuMerted  into  the  neck  of  the  naskjSO  as  to 
prt-vcnt  thjj  gas  fnuii  esca|iiii<;,  it  will  continue  to  enter  the 
fl.iyk  as  l';i!*t  .•l^^  ab-irbed  Hiit  if  it  be  generated  in  the  reservoir 
MHire  rapidly  than  the  solution  can  absorb  it,  the  excess  must 
rirnuiin  in  thu  reservoir,  and  rontributo  to  depress  the  acid  so 
Imw  in  tin-  bi'll-i^lass,  as  to  diminish  the  (quantity  of  the  sul- 
phide on  which  it  ran  act.  Finallv,  when  the  solution  becomes 
taturati'd,  the  gas  irrncrattHi  in  the  bell  must  fill  it,  and  thus, 
by  usnrpiiiir  the  phu.i*  of  the  acid,  cause  its  reaction  with  the 
Milphidc  of  iruu  lo  be  suspended. 
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*  900.  Properties. — Sulphydric  acid  is  a  permanent  ( 
with  the  odour  of  rotten  eggs,  absorbable  by  water,  infla 
mable  and  explosive,  forming,  by  combustion  with  air 
oxygen  gas,  water,  and  a  mixture  of  sulphurous  and  c 
phuric  acids. 

901.  At  the  temperature  of  50^  F.,  and  under  a  pressi 
of  17  atmospheres,  sulphydric  acid  becomes  a  colourlt 
liquid  more  fluid  even  than  sulphuric  ether. 

902.  Metals  are  tarnished  by  it,  especially  preparaticMic 
lead,  of  which  it  is  a  test,  and  by  which  it  may  be  detect 
It  is  evolved  from  privies,  blackening  the  ceruse  or  carl 
nate  of  lead  in  pamt.  It  may  be  decomposed  I^  varic 
substances,  having  an  aflinity  for  one  or  both  of  its  com 
tuents,  as  for  instance,  by  chlorine,  potassium,  sodiom,  8 
phurous  acid,  and  ignited  carbon ;  also  by  soccessif e  el 
trie  explosions. 

903.  Sulphydric  acid  decomposes  all  metallic  solutions,  ( 
cept  those  of  cobalt^  nickel,  iron,  zinc,  manganese,  titaniu 
and  molybdenum,  in  consequence  of  the  attraction  betwc 
hydrogen  and  either  oxygen  or  chlorine,  and  between  t 
metals  and  sulphur.  Metals,  which  in  the  metallic  st 
yield  hydrogen  during  their  reaction  with  diluted  solpbi] 
or  muriatic  acid,  afford  sulphydric  acid,  when  in  the  si 
of  a  sulphide  or  sulphuret,  subjected  to  those  adds,  i 
cording  to  Berzelius,  some  sulphides  act  as  acids,  oth 
as  bases,  and  unite  with  each  other  in  a  manner  analogs 
to  that  in  which  the  oxacids  and  owbases  combioe.  1 
resulting  compounds  he  calls  sulpho-salts.  Some  sulphi 
arc  liable  to  be  reduced  by  exposure  to  pure  hydrogei 
a  way  analogous  to  that  in  which  oxides  are  decompo 
by  the  same  agent.  But  the  number  of  sulphides  wY 
may  be  thus  decomposed  is  much  smaller.  Atmosplx 
air  is  said  to  be  rendered  deleterious  to  life  bv  the  addil 
of  lirth  of  this  gas. 

904.  It  is  alleged  that  a  sinirlo  cubic  inch  of  the  j 
liberated  in  a  large  chamber,  will  in  every  part  be  proc 
tive  of  its  characteristic  unpleasant  o<lour.  A  curreni 
the  gas  directed  u\K>n  the  tongut^  causes  an  astring 
acid,  and  bitter  taste.  The  specific  gravity  of  sulphy 
acid  is  1.1782,  that  of  atmospheric  air  beinir  1-  I 
slowly  decomposed  by  nitric  oxide,  and  by  sulphurous  i 
when  moist.  Nitroso-nitric  acid  reacts  with  it  explosi^ 
With  sulphurous  acid  when  dry  it  d(x»s  not   react; 
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leing  present,  condensation  ensues  with  a  deposition 
lur,  and,  according  to  Thompson,  the  production  of 
lar  acid.  At  the  temperature  of  50°  F.,  water  takes 
«  times  its  bulk  of  sulphydric  acid,  which  may  be 
'  expelled  by  a  boiling  heat.  The  aqueous  solution 
( litmus,  and  becomes  turbid  after  some  time  by  ex- 
to  the  air,  with  the  oxygen  of  which  the  hydrogen 
rsLs  combines,  while  the  sulphur  precipitates.  It  has 
been  stated  that  water  impregnated  with  sulphy- 
id  exists  in  many  natural  springs,  which  are  much 
ted  by  invahds. 

The  celebrated  white  sulphur,  salt  sulphur,  and  red 
springs  of  Virginia,  are  of  this  nature.    They  ap- 
urticularly  efficacious  as  remedies  for  bilious  disor- 
id  in  cutaneous  diseases. 

The  red  sulphur  springs  are  thought  to  be  pecu- 
9efal  in  some  pulmonary  complaints,  and  appear  to 
surprising  and  unaccountable  influence  in  lowering 
pieDcy  and  force  of  the  pulse. 

Experimental  Illustrations. 

Method  of  extricating  sulphydric  acid  gas  by 
of  a  self-regulating  reservoir  exhibited;   also,  the 

nation  of  water  with  it.     Effects  of  its  aqueous  so- 

>n  litmus,  and  on  various  metallic  solutions.  Cha- 
i*Titten  with  dissolved  acetate  of  lead  are  black- 

r  exposure  to  the  gas,  or  its  aqueous  solution.     Its 

latioii  bv  nitric  acid. 

Sympathetic  Picture. 

»  origiiul  of  this  fi/rurc  (sec  the  engraving  at  the  top  of  the  following 
4rmwn  of  a  gigantic  size,  in  acetate  of  lead,  and  was  invisible  at  a  little 
ntil  a  jet  ot  sulphuretted  hydrogen  was  directed  upon  it.  The  image 
■vd  by  the  wavinj^  of  the  pipe  from  which  the  gas  nowed,  as  if  it  were 
of  a  magician. 

the  acetate  has  liad  time  to  hecomc  dry,  the  experiment  will  not  succeed 

■torintr  ^  due  de«;r(>e  of  moisture.     1  hin  object  is  best  accomplished  by 

wet   uponge  over  the  back  of  the  sheet  on  which  the  figure  has  been 


i«^^. — The  acetate  of  lead  consists  of  acetic  acid  and  oxide  of  lead. 
of  the  oxide  unites  witli  the  hydrogen  of  the  gas,  while  the  sulphur 
vulphuret,  to  which  the  blackness  of  the  picture  is  due. 


I 
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Of  the  Potj/tulphide  of  Hydrogta. 

911.  There  are  various  compounds  rormed  by  sulphur  with  melalf 
of  which  are  soluble;  as  for  instance  the  compound  formed  by  bo 
with  lime.  This  compound  has  been  called  a  persulphuret  of  c^i 
would  call  it  a  persulphide.  Scheeic  ascertained  that  on  |)ouringiDl 
luted  acid  a  persulphuret,  such  as  that  to  which  I  have  alluded,  e 
looking  liquid  was  precipitated,  which  subsequently  received  then 
bisu I phu  retted  hydrogen.  Thenard  designates  this  compound  as  th 
tulphvret  of  hydrogen,  on  account  of  the  great  and  variable  aan 
atoms  of  sulphur  which  enter  into  its  composition.  Moreover  he 
that  it  constitutes  a  compound  analogous  in  its  properties  to  tlic  deul 
hydrogen;  being  like  that  mysterious  combiimtioD  dceom[)asable  b 
substances  for  which  it  has  no  nITiniiy.  Even  the  presence  of  the 
phide  employed  in  its  production  is  incompatible  with  its  exister 
hence  the  impossibility  of  forming  ii  by  pouring  the  acid  into  the  s 
In  that  case  an  excess  of  the  persulphide  must  inevitably  be  present 

912.  He  alleges  that  the  polysuljihurct  (poly sulphide)  is  always  '. 
ordinary  tempcratnres.  Its  colour  is  yellow,  sometimes  &pproa< 
greenish -brown.  It  whitens  the  tongue  when  applied  to  it,  as  is  1 
upon  making  a  similar  application  of  dcuto\ide  of  hydrogen.  Tl 
effect  is  produced  upon  the  skin.  Litmus  paper  is  bleached  by  i 
especially  when  it  is  dilTuscd  in  muriatic  acid.  Sometimes  it  has  t 
sistency  of  nn  essential  oil,  sometimes  of  a  ("at  oil,  acconling  to  the 
tion  of  its  constituents,  which  has  already  Ix^n  stated  lo  be  variut 
odour  is  peculiar  and  disagreeable,  especially  at  the  |>e rind  when, 
been  recently  formed,  ihe  supernatant  liquid  W  dccautcd  from  it. 
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ibo  it  aftcts  the  eyes  painfully.     Sooner  or  later  it  is  resolved  into  its 

cieoKtii  sfX)ntaneously.     Charcoal,  platinum,  gold,  iridium,  and  many 

^oetals  in  the  pulverulent  form,  cause  the  evolution  of  the  hydrogen. 

^7  metallic  oxides  have  the  same  efi^t,  some  so  actively  as  to  cause  a 

W  dervescence.     These  results  also  ensue  from  contact  with  the  deut- 

^  or  bioxide  of  manganese,  from  magnesia,  from  silica,  and  above  all 

^  pul^nzed  baryta,  strontia,  lime,  potash,  and  soda.     From  some  of 

^bcii  mentioned  by  Thenard,  I  infer  that  this  substance  may  be  of  great 

«rvice  in  bleaching. 

COMPOUNDS  OF  HYDROGEN  WITH  SELENIUM  AND 

TELLURIUM. 

Cf  Sdtakpdric  Acidj  commonly  called  Selenuretted  Hydrogen* 

913.  Seienhydric  acid  is  supposed  to  consist  of  one  atom  of  selenium, 
)d  one  atom  of  hydrogen.  It  may  be  obtained  from  the  selenide  of  potas- 
Daor  of  iron,  by  the  action  of  chlorohydric  acid.  It  is  a  colourless  gas, 
Morbable  without  change  of  colour  by  water  which  has  been  boiled.  Water 
ai  impregnated  has  an  hepatic  taste,  reddens  litmus  paper,  and  if  applied 
tke  skin,  stains  it  a  brownish-red.  The  solution  exposed  to  the  air,  by 
''oxidatioa  of  the  hydrogen,  becomes  gradually  turbid  from  the  surface 
vnwards,  acquiring  a  reddish  hue,  and  depositing  selenium  in  light  flocks. 
1  metallic  salts,  even  those  of  iron  and  auoc,  when  they  are  neutral,  are 
edpitated  by  seienhydric  acid.  The  precipitates  are  generally  of  a  deep 
id  colour,  yeC  those  of  zinc,  manganese,  and  cerium,  are  flesh-colourea. 
y  the  Qzidizemeat  of  the  hydrogen  in  seienhydric  add,  selenium  is  pre- 
pitatedof  a  cinoabar-red  colour  on  any  moist  body.  This  acid  exercises 
^  the  respiratory  organs  a  violent  action,  which  might  easily  become 
ing^'roas.  It  produces  at  first  the  odour  of  sulphydric  acid,  but  soon  after 
pncklin^  sen5tation  in  the  membranes  of  the  nostrils,  which  resembles  that 
ttled  by  floosilicic  acid  gas,  but  is  more  stimulating.  Subsequently  the 
ei  become  red,  and  the  sense  of  smell  is  paralyzed.  A  single  bubble  of 
K^,  reopived  into  the  nose,  caused  such  a  paralysis  of  the  olfactory 
sttt,as  to  create  in.sensibility  even  to  the  fumes  of  the  strongest  ammo- 
*•  The  powor  of  dclectini^  odours  was  not  recovered  before  the  expira- 
•  of  fcre  or  six  hours. 

M4.  Thenard  mentions  that  Bcrzelius,  in  consequence  of  inhaling  se- 
liO'diie  acid  gas,  was  attacked  by  a  cough  so  severe,  that  a  blister  was 
■wi  aecessary.  The  quantity  inhaled  was  so  minute  as  to  give  the 
pitssioQ,  that,  in  its  eflorts  upon  the  human  system,  this  gas  is  pre- 
■entJy  pernicious. 

Of  Tcllukydric  Acid,  commonly  called  Tellvretted  Hydrogen. 

H4.  When  an  alloy  of  tellurium  with  zinc  or  tin  is  exposed  to  the  action 
chlofobydric  acid,  telluhydric  acid  is  evolved.  It  is  a  colourless  gas, 
■iilnmgly  resembles  sulphydric  acid  in  smell  and  in  its  chemical  and 
AmcbI  properties.  It  reddens  litmus  paper,  is  soluble  in  water,  pro- 
ifa  oolouriess  solution,  which  by  exposure  to  the  air  becomes  brown, 
IOC  of  the  oxidation  of  the  hydrogen  and  precipitation  of  the 
It  w  probably  composed  of  one  atom  of  hydrogen  and  one  of 
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916.  The  efl^  of  the  monosyllable  gttiy  in  chemical  laognage,  has  be 
ezplaiiied.  (See  note,  628.) 


SECTION  n. 

OF  NITROGEN  OR  AZOTE. 

917.  In  the  gaseous  state,  it  forms  nearly  four-fifths  • 
the  atmosphere  in  bulk.  Its  ponderable  base  is  a  princip 
element  in  animal  substances.  In  vegetables,  it  is  on 
occasionally  found.  It  was  called  azote,  from  the  Gre< 
(«»«,  life,  and  «,  privative  of.  It  was  subsequently  nam* 
nitrogen,  azote  being  equally  applicable  to  other  gas 
which  are  destructive  of  life.  I  regret  that  Thenard,  i 
stead  of  abandoning  the  use  of  this  bad  word,  has  late 
endeavoured  to  give  it  a  further  hold  on  nomenclature,  1 
using  the  words  azotous  and  azotic,  in  lieu  of  nitrous  ai 
nitric. 

918.  Consistently  with  the  explanation  which  has  be 
given  of  the  monosyllable  gen^  nitrogen  signifies  a  capaci 
to  produce  nitric  acid,  as  oxygen  conveys  the  idea  of 
capacity  to  produce  acids  generally. 

919.  Preparation. — Nitrogen  may  be  procured  by  1 
aid  of  any  substance  which  will,  in  a  close  vessel,  abstrJ 
oxygen  from  the  included  portion  of  the  atmosphere ;  * 
for  instance,  by  the  combustion  of  phosphorus,  or  by  ir 
filings  and  sulphur  moistened.  This  gas  may  also  be  c 
tained  by  heating  muscular  flesh  in  a  retort  with  niti 
acid  very  much  diluted.  When  obtained  by  means 
phosphorus,  a  minute  quantity  of  this  substance  remaii 
m  solution  in  the  nitrogen ;  when  extricated  by  the  actic 
of  nitric  acid,  it  contains  a  small  portion  of  carbonic  aci 
In  either  case  it  may  be  purified  by  washing  it  with  i 
alkaline  solution,  or  with  lime-water. 

920.  Another  method  of  obtaining  nitrogen  gas  is 
pass  chlorine  through  liquid  ammonia.  The  chlorine  unit 
with  the  hydrogen  of  the  ammonia,  while  the  nitrogen 
liberated.  Care  must  be  taken  to  have  the  ammonia 
excess,  otherwise  a  chloride  of  nitrogen  may  be  formt 
which  is  capable  of  producing  the  most  violent  exp 
sions. 

921.  When  the  chlorite  of  Hme  (bleaching  salt)  is  m 
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gied  with  muriate  of  ammonia  and  moistened,  nitrogen  is 
erolveA  For  this  purpose  Professor  Emmet  has  recom- 
meiukd  the  boiling  of  nitrate  of  ammonia  upon  zinc. 

Apparatus  far  obtaining  the  Mtrogen  from  Atmospheric  Air. 

S22,  Tbe  apparmtoi  represented  in  the  oppoeite  engraying  leaveB  the  nitrogen  so 
■Mted.  u  to  be  drawn  easily  from  tbe  containing  vessel,  in  snch  quantities  and  at 
■di  ttnet  If  may  be  desirable.  In  its  principal  parts,  it  does  not  differ  from  the 
fmatXex  for  ox yeen.  (G17.)  It  is  proyidod  with  a  pipe,  /»,  concentric  with  the  axis 
ffibe  lower  Tessel,  C,  snrmonnted  by  a  small  copper  cap.  The  pipe  in  question  de- 
nikds  perpeadicularly  from  the  level  of  the  brim  of  the  vessel  to  the  bottom)  being 
iriiered  into  a  hole  in  the  latter,  so  that,  the  bore  being  accessible  from  without,  the 
Ofper  cup  &t  the  upper  end  may,  when  necessary,  be  touched  with  the  end  of  a  red- 
k  Ton  rod.  introduced  through  the  pipe  as  in  burning  phosphorus  in  oxygen. 

'^.  The  inner  vessel  of  the  gasometer  consists  of  a  bell-glass,  B,  suspended  by  a 
9Ki  punni^  orer  a  wooden  galfows  with  suitable  puUevs.  The  bell  has  a  perforated 
Mck  reoented  into  a  brass  cap,  furnished  with  a  female  screw  for  receiving  a  cock. 
Totimcock  a  flexible  lead-pipe  is  attached  by  a  gallows  screw.  Upon  the  copper 
Of  in£cient  quantity  of  phosphorus  being  placed,  and  the  lower  vessel  adequately 
■ppitsd  with  water,  the  beil-glass  is  suspended  within  the  lower  vessel,  as  is  usual 
«itA  {ttomelerf ,  and  allowed  to  descend  about  a  third  of  its  depth.  Meanwhile,  the 
Mckcf  the  tube  being  open,  the  air  is  allowed  to  escape,  so  tkat  the  liquid  within 
u^  vitkoot  the  bell-glass  may  be  on  a  level.  The  cock  being  in  the  next  place 
cknd,  ud  the  temperature  of  the  phosphorus  su£Bciently  raised  to  make  it  take  fire 
^teaching  tbe  cup  with  the  extremity  of  an  iron  rod  previously  reddened  in  the 
■c,ibhllttiitcomDiistion  ensues.  As  soon  as  it  declines,  the  iron,  meanwhile  kept 
^  the  fire,  should  be  again  introduced,  in  order  to  sustain  the  combustion  till  all  the 

OXTRQ  IB  tbeorited. 
^.  When  the  air  in  the  bell-glass  is  completely  deoxidized,  which  may  be  known 

^7  the  famef  becoming  yellow,  ue  residual  nitrogen  may  be  expelled  into  any  reci- 

picDttt  pinsore,  through  tlic  flexible  pipe  attached  to  the  cock  for  that  purpose,  by 

<i«prtHu^  the  bell  is  the  water. 

J^25.  Properties  of  Nitrogen  Gas. — As  a  gas,  it  is  distin- 
guished by  a  comparative  want  of  properties.  It  is  lighter 
^  oxygen  gas,  or  atmospheric  air.  It  supports  neither 
life  nor  combustion,  but  is  obviously  a  harmless  ingredient 
in  the  air. 

926.  The  affinity  of  nitrogen  for  caloric,  compared  with 
^t  which  it  displays  for  other  substances,  appears  to  be 
P^uliariy  great.  Hence  it  is  not  liable,  like  hydrogen  or 
^^gen,  lo  enter  into  combination  with  other  matter,  so 
^  to  part  with  the  caloric  to  which  it  owes  its  existence 
^igas;  and  when  under  any  circumstances  it  does  enter 
"to  combination,  it  seems,  more  than  almost  any  other 
y^nce,  to  carry  caloric  into  combination  with  it ;  be- 
'"^g^  consequently ,  an  ingredient  in  a  majority  of  the  most 
I^eifb]  fulminating  compounds. 

927.  Nitrogen  has  been  suspected  by  some  chemists  to 
I*  •  compound,  but  is  generally  considered  as  an  element. 
At  the  temperature  of  60''  F.,  100  cubic  inches  weigh 
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30.1650  grains.    Its  specific  gravity,  comparatively  wi 
air,  is  0.9727. 

Experimental  Illustrations  of  the  Properties  of  Nitrogm 

Gas, 

928.  A  portion  of  the  nitrogen,  obtained  as  above  di 
scribed,  being  introduced  into  a  bottle,  extinguishes  a  cai 
die  flame  when  introduced  into  it ;  but  being  mixed  wit 
one-fourth  of  its  bulk  of  oxygen  gas,  the  effect  of  th 
mixture  in  supporting  flame  is  similar  to  that  of  atmo6(^ 
ric  air.  '  • 

OF  ATMOSPHERIC  AIR. 

929.  Atmospheric  air  is  a  mixture,  not  a  chemical  coo 
pound,  of  oxygen  and  nitrogen  gas,  with  some  moistin 
and  carbonic  acid,  in  the  following  proportions. 

Nitrogen  gas 
Oxygen  gas 
Aqueous  vapour 
Carbonic  acid 

100.00  100.00 

930.  The  average  of  a  great  number  of  experiment 
made  with  my  eudiometers,  makes  the  proportion  of  0x3 
gen  20.66  in  100  of  air. 

931.  In  addition  to  these  constituents,  it  is  alle^d  tk 
there  is  a  little  chlorohydric  acid  in  the  atmospnere,  i 
situations  in  the  neighbourhood  of  the  sea ;  and  hence  i 
arises,  probably,  that  animals  far  inland,  show  a  muc 
greater  avidity  for  common  salt,  a  compound  of  chlorio 
and  sodium,  than  those  existing  in  regions  bordering  0 
the  ocean.  This  avidity  seems  to  have  been  implanted  i 
order  to  supply  a  source  for  the  chlorohydric  acid,  whic 
appears  to  be  requisite  to  the  powers  of  the  gastric  fluid. 

932.  It  has  been  made  a  question  whether  the  nitroge 
and  oxygen  of  the  air  are  not  in  a  state  of  chemical  con 
bination.  I  am  of  opinion  that  no  other  cause  of  unic 
between  them  exists  than  that  which  is  known  to  prodiM 
the  equable  diffnsion  of  heterogeneous  fraseous  particl 
amon^  each  other,  notwithstanding  the  diflerence  of  the 
specihc  gravities. 


By  Measure. 

BjWalgli 

77.5 

7&55 

21. 

QZM 

1.42       . 

i03 

0.08       - 

0.10 

NITROGEN.  175 

33.  h  Its  qualities  atmospheric  air  does  not  differ  from 
ixture.  Oxygen,  mingled  with  hydrogen  in  the  same 
K>rtioQ  in  which  it  is  mingled  with  nitrogen  in  the  air, 
been  found  to  support  animal  hfe  nearly  as  well. 
M.  The  mechanical  influence  of  the  atmosphere,  so  far 
appertains  to  chemistry,  has  been  sufficiently  illus- 
d,  (177,  &x.)  I  have  also  treated  of  its  capacity  to 
moisture,  and  to  promote  and  produce  cold  by  eva- 
tion,  (229,  &c.)  Some  additional  methods  of  analys- 
l,  will  be  mentioned  under  the  heads  of  nitric  oxide 
>hosphorus. 

Eudiametrical  Analysis  of  the  Atmosphere. 

».  While  on  the  subject  of  atmospheric  air,  the  eudiometrical  analysis 
leoMnes  necessarily  an  object  of  attention.  I  have  already  given  an 
ling  and  description  of  a  large  eudiometer,  which  I  have  designated 
nohinieacope.  By  merms  of  that  instrument  it  was  demonstrated,  that 
the  eleioeDts  of  water  arc  mixed  in  the  gaseous  state  and  ignited, 
rill  always  combine  in  the  proportion  of  two  volumes  of  hydrogen  to 
iome  of  oxygen.  It  follows  that,  if  any  gaseous  mixture  containing 
n,  and  do  other  gas  capable  of  combining  with  hydrogen  or  oxygen, 
lifted  with  an  excess  of  hydrogen,  all  the  oxygen  will  be  condensed  into 
•,  and  may  be  estimated  as  equal  to  one-third  of  the  resulting  deficit, 
lows  also  that,  if,  to  a  gaseous  mixture  containing  hydrogen,  and  no 
•  gas  with  which  hydrogen  or  oxygen  can  combine,  an  excess  of  oxy- 
:«  addetl  and  the  mixture  i<i:iiitctl,  all  the  hydrogen  will  bo  condensed, 
irif]  m  quantity  c-qual  iwo-thirds  of  the  deficit.  Thus,  if  five  volumes 
lictphcnc  air  and  three  of  hydrogen  be  introduced  into  the  volume- 
aof  i^rnired,  tfje  eight  volumes  will  be  reduced  to  rather  less  than  five; 
irse  a  liftlr  n^jon*  than  three  vohmies  will  have  been  condens<»d,  of 

I  ooe-third  is  oxyii^n.  In  fiv(^  volumes  of  atmospheric  air,  there  is, 
few,  somewhat  iiioro  than  oiu'  volume  of  oxvgen.     Bv  the  volume- 

ueexccf&s  cannot  be  accurately  measured,  but  by  other  mstruments 

I I  bivc  contrived,  and  which  I  shall  proceed  to  descrilx^  great  accu- 
is  aittmable.  I  am  ihr  more?  particular  in  describing  my  apparatus  in 
MDpfvdJum.  that  1  may  not  bn  under  the  nece^?sity  of  occupying  the 
imeaOotted  to  my  lertures  wilh  such  descriptions. 

Of  the  SUdlmr-rod  Eudiometer. 

\m  I  hate  constructed  some  eudiometers,  and  ;^as  measures,  in  which 
BMuninc  nt  of  ens  is  <'t]«'eted  by  a  graduated  rod,  which  slides  into  or 
ihe  cavity  of  a  tul)e,  through  a  r(»llar  of  leathers  soaked  in  lard,  and 
■Mad  by  a  sm-w  so  as  to  be  |)erfectly  air-tight.  This  rod  is  em- 
Itorary  the  cJijtaeity  of  the  tuln-,  and  at  the  same  time  to  be  a  mea- 
if  fc  quantity  of  air,  or  of  any  other  gas,  eons(rquently  drawn  in  or 
Abr>ut  f»ne-thlrd  rif  the  tiilie  is  occui>ied  by  the  sli<linir-rod.  The 
rtleing  n-curvd,  and  convr  rgin^jr  to  a  jMrforated  a|K-x,  is  of  a  form 
ifcr  witlid rawing  measured  portions  of  gas  fn)Mi  vessels  inverted 
ormercur}'. 

were  two  forms  of  the  sliding- rod  eudiometer;  one  designed 
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to  be  aaed  (or  explosive  mtztares,  requiring  iffnitiaii;  the  odier  in 
dependent  upon  the  absorbing  power  cSfa  liquid  or  gas.    The  fimmr] 
from  the  eudiometers  employed  by  European  chemists,  in  the 
for  igniting  the  explosive  mixtures,  as  well  as  in  that  for 
{^vano  ignitkm  (885)  being  substituted  for  the  electric  spark. 

988.  I  shdl  proceed  to  describe  a  sliding-rod  eudiometeri  for  Iks  Si 
m  of  explosive  mixtures,  which  I  designate  as  aqueous,  because  walwifl 
confining  liquid  employed  in  it*  ^ 

AfMomi  SUimg-rod  Bifdro^aifigm  EmUamtUr. 


W     W 

939.  This  eot  rvpresenti  a  hydro-ozrgen  eudiometer,  in  which  tisi 
are  made  by  a  elid[iiig.4od,  and  the  ezptosions  are  effbcted  by  the  gdvaaitigi 
of  a  olatinmn  wire. 

949.  in  the  instmment  reproeentad  bj  the  preceding  cat,  the  ifaiilV  wteJ 
dared  into  the  aommiti  of  the  two  braaa  wires,  W  W,  wnich  paaa  tBroMSth*  hi 
of  the  socket  S,  parallel  to  the  axis  of  the  glass  recipient,  G,  within  wbh  the 
seen.  One  of  the  wires  is  soldered  to  the  socket.  The  other  is  fasteBi<  hju 
of  a  collar  of  leathers,  packed  bj  a  screw,  so  that  it  has  no  metaUic  otaMnniei 
with  the  other  wire,  except  through  the  filament  of  platinum,  bj  which  llifan 
bly  connected  above,  ana  which  I  have  already  called  the  igniting  wire.  TIm 
has  a  capillary  orifice  at  the  apex.  A,  which  is  closed  by  means  ofa  lever  and  i| 
(apparent  in  the  drawing,)  excepting  when  the  pressure  of  the  spriiy  ia  eoa 
acted  by  the  thumb  of  the  operator.  The  sliding* rod,  R,  is  accurately  fiadasl 
about  IGO  degprees. 

941.  Experience  has  shown  the  expediency  of  securing  the  valve  which  elMi 

aperture  in  the  apex  of  the  iostrument  from  the  possibility  of  leakage  dnriage 

sions,  by  means  of  an  iron  staple  with  a  screw,  represented  by  the  foUuSWig 

/^  This  fastens  upon  two  pivots,  one  of  which  is  inseorled  oaMea 

of  the  brass  socket,  S,  into  which  the  glass  recipient,  G^iieea 

^d       ed.    The  staple  hinges  upon  these  pivots,  and  may  be  bieSfbt 

^Jjr,      &  position  in  which  the  screw,  A,  beinff  immediatelT  overtfii  v 

tfll      may  be  made  to  tighten  it;  or  the  staple  may  bo  made  to  hHtf  4 

Mm        so  as  not  to  be  m  the  way  when  the  instrument  is  toWcSH 

^      I        In  order  to  use  the  eudiometer,  it  must  be  full  of  water,  fntb 

m         I        air-bubbles,  and  previously  proved  air-tiglit;*  the  rod  bnai 

m  I        troduced  to  its  hilt,  and  the  capillary  orifice  open,  in  coanfl 

I  m        of  ti  due  degree  of  pressure  on  the  lerer,  by  which  it  ia  w 

A       ^F        closed.    Being  thus  prepared  to  ascertain  the  proportion  of  M 

^  in  the  air,  draw  the  rod  out  of  tho  tube  till  100  ffaduations  IM 

ble.     A  bulk  of  air,  equivalent  to  the  portion  of  the  rod  thof 


*  To  prepare  the  instrument  and  prove  it  to  bo  in  order,  depress  the  gkMnt 
below  the  surface  of  the  water  in  tne  pneumatic  cistern,  the  capiUary  — -^ — 
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ulof  counc  enter  at  the  capillary  opening;  after  which  the  lever  must  bo 
a'.lftBe  it.  Introduce  the  rcccivor  into  a  bell  glass  of  hydrogen,  and,  opcn- 
iriSce,  draw  out  the  rod  as  far  as  an  enlargement  upon  the  end  will  allow  it 
icted.  This  arrcstation  will  take  place  just  as  the  IGOth  graduation  becomes 
nil  then,  in  addition  to  the  KK)  measures  of  air  previously  taken,  60  of  liy. 
II  h»Tc  entered  ;  next  close  the  orifice,  and  withdraw  the  instrument  from 
Apply  the  projecting  wires,  W  VV,  severally  to  the  metallic  cups,  com- 
g  vilii  the  poles  of  the  calorimotor  represented  below*;  then  move  the 
u  to  cau:fc  Uio  receptacle  holding  tlie  acid  to  rise  about  tlie  plates.  By 
quent  ignition  of  the  wire,  tlie  gas  will  explode.  The  instrument  being 
ftJD  into  the  w^atcr  of  the  pneumatic  cistern,  so  that  the  capillary  orifice, 
led.  may  be  just  below  the  surface,  the  water  will  enter  and  fill  up  the  va- 
«d  by  thv  ri»ndensation  of  the  gases.  The  residual  air  being  excluded  by 
ke  portion  of  the  rod  remaining  witliout  the  tube,  will  be  in  bulk  equiva- 
'  deficit,  nhich  may  consequently  be  ascertained  by  inspecting  the  gradua- 
LTe  {lerforiiied  this  experiment  in  tliirty  seconds. 

oiygf  Q  IB  to  be  examined  by  hydrogen,  or  hydrogen  by  oxygen,  we  must 
have  t  portion  of  each  in  vessels  over  the  pneumatic  cittern,  and  succes- 
e  thf  requisite  quantities  of  them,  and  proceed  as  in  the  case  of  atmos- 

'»tbf r  and  perhaps  more  accurate  mode  of  operating  with  this  instrument 
nji  of  nne  of  the  viiinnotcrii,  (see  047.  '.)53,)  to  make  a  mixture  of  the  dif- 
^.  in  due  proportion,  in  a  bell  glass.  Thus,  let  two  measures  of  atmosphe- 
idded  tii  one  of  hydrogen;  then  on  taking  one  hundred  and  fifty  measures 
lure  into  tlie  eudiometer,  there  will  be  the  same  quantity  of  each  gas,  as 
ures  of  hydrogen  and  KM)  of  air  had  been  taken,  as  above  described.  In 
icertun  the  quantity  of  pure  oxygen  in  the  gas  from  nitre  or  manganese, 
ire  of  it  mi^fat  be  added  to  three  of  hvdrogen.  Then  of  160  measures  of 
re,  «hicU  nufht  be  taken  into  the  eudiometer,  40  would  consist  of  the  gas 
ycd.iod  120 uf  hydrogen;  and  one-third  of  the  deficit,  caused  by  the  ex- 
ould  be  the  qoantity  of  pure  oxygen  in  the  40  measures, 
hjdrogcn  were  to  be  assayed,  as,  for  instance,  the  gas  evolved  by  the  reac- 
luted  folphoric  acid  with  /inc,  (see  page  144,)  it  would  be  proper  to  take 
if  of  tbe  hydrogen  and  oxygen;  as  tlic  gas  which  is  not  to  bo  analyzed 
•«  be  in  excess.  Taking  then  ItK)  measures  into  the  eudiometer,  two- 
•ii<?  defij-it.  MOfcd  by  tlie  explosion,  would  be  the  pure  hydrogen  in  80 
€4  th«  ga9  under  analysis.  For  the  last  mentioned  process  it  is  preferable 
»n  thf  rni.in  addition  to  the  ncale  of  KK)  (1M2),  another  of  200  degrees, 
r.'iean*  fifty  Licasiir*'s  of  oxy*r<'n.or  100  measures  of  hyHr«)gen,  ma}*  be  ana- 
i  thi«  way  the  pvr  r.mt.iire  of  impurity  niay  be  more  readily  porcoived. 
*r<«  Lh^  preccdiiii''  fjirurc)  n*j)rcscnt»  a  gla.ss  with  wires  inserted  through 
ilurrf.  in  th**  iiriual  iiixic  for  {tassing  the  electric  spark,  should  this  method 
TL'^  tjTijtiiin  \t€i  (JfeiiH'd  desiral»Ie.  for  the  nake  of  varying  the  experiment, 
purp"-**'  I'f  illustration.  This  L^lass,  the  other  being  reniovrd,  may  be  fast- 
t]jf  MkSi*-  p!^'*e.  The  wires  \V  W,  may  remain,  but  should  be  of  such  a 
ft'!  f*  mti-rlprc  with  the  p:l^^srl«Jfo  of  the  electric  spark,  'i'he  instrument  is 
t.tj.  as  u»ij.il.  (•xreptiii;r  the  <.Miiployment  of  an  electrical  machine,  or  elec- 
,  tA  iijnite  t!ie  2"»^'*'»'i»*  mixture.     For  the  travelling  chemist,  the  last  nien- 

tud  «*peD;  draw  the  rod  out  of  its  tube  and  return  it  alternately,  »o  that, 
tnkr.  a  portion  of  water  may  pass  in,  and  a  portion  of  air  may  pa«iH  out. 
is  opf^ration.  tiie  in>trunieiit  should  be  orcasionally  held  in  such  a  posture, 
the  air  mty  risie  into  the  trlas^  recijiient,  without  which  its  expulsion  by 
ef  thf  rod  m  impracticable.  Now  close  the  orifieo  at  the  npex,  A,  and 
ft  few  inchfx  '.f  ih«'  rod,  in  ordrr  to  see  whether  any  air  can  enter  at  the 
nt  pa>ii  iK'lwei  n  the  collar  of  leathers  and  the  sliding  rod.  If  the  instru- 
vite  air  tiffhl.  the  liuhl»les,  extricatrd  in  consequence  of  the  vacuum  pro- 
rilhdriwiii;;  {\io  pul.  will  disappear  wh»*n  it  is  restored  to  its  place. 
gore  r*-pre»ei»t>«  a  calorimotor.  eontaininir  two  galvanic  pairs,  each  consist* 
piatf-  of  zinc  ami  three  of  copper,  stvi-rally  eight  inches  by  nine,  for  a 
dcvrription  of  wlndi.  see  niv  Treatise  of  (Jnlvanism  or  Voltaic  Ehjctricily. 
■ritirs  itT  cups,  in  two  masses  of  wtH  solder  which  constitute  the  poles  of 
■mt.  the  wires,  W  W,  of  tlm  eudiometer  are  forcibly  pressed  by  one  hand 
■lor.  while  by  th(>  other  the  arid  is  made  to  act  upon  the  plates  throutrji 
■nUlity  of  the  lever.  liiKtantaneou.><Iy  on  the  ignition  taking  place,  the 
■U  W  interrupted  by  ht\ing  the  eudiometer;  as  otherwise  the  wire  might 
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tioiied  mode  of  i|^tion  maj  be  preferable ;  becaoM  an  eleetrophenie  if  im 
Ue  tlMD  a  galfanie  apparatus. 

M6b  la  damp  weather,  or  in  a  laboratory  where  there  m  a  ^neimiatic  e 
amid  the  nunatore  ariaing  from  the  respiration  of  a  large  elass,  it  is  often  ii 
to  accomplish  explosions  oy  electricity. 

Sliduigjrod  Oa$  Meanar; 

947.  The  oonstmction  of  this  instroment,  represented  by  the  opponte  si 
difiera  from  that  of  the  sliding-rod  endiometera,  in  having  a  vaWe  which  i 
and  shut  br  a  spring  and  IcTer,  acting  ujpon  a  rod  passing  throQj[h  a 
leathen.  By  means  of  this  Talye.  any  gas  drawn  into  tne  receiyer,  is  inchi 
to  be  free  iVom  the  possibility  of  loss,  during  its  transfer  from  one  Tessel  to 
This  instmmeiit  is  mnch  larger  than  the  sliding-rod  eudiometen  for  < 
mixtures;  being  intended  to  make  mixtures  of  gas,  in  those  cases  whero 
be  to  the  other,  in  a  proportion  which  cannot  be  conveniently  obtained  1 
mora  or  less  Tolomes  of  the  one  than  of  the  other,  by  means  of  the  volumetf 
d54,)  for  instance,  suppose  it  were  an  object  to  analyse  the  air  according  to  I 
son  B  plan  of  taking  &  per  cent  of  hydrogen.  The  only  way  of  mixing  the 
a  Toinmeter  in  sueh  a  ratio,  would  be  to  take  the  ftdl  of  the  volumeter  81 
hydrogen,  and  50  tames  of  atmospheric  air.  By  the  large  sliding-rod  gis 
this  oQect  is  effinsted  at  once,  by  taking  42  measures  of  the  one,  and  100 ; 
of  the  other. 

PUUm  Valve  Volumeter. 

948.  I  have  contrived  some  instruments  for  measuring  gas  with  great  aee 
call  them  volnmeten  to  avoid  circumlocution.  They  are  of  two  kinds,  eai 
by  intioducing  it  into  any  vessel  containing  the  gai  with  which  it  is  ts 
over  water  or  mercury;  the  gas  is  introduced  into  tne  other  through  an  oii 
usual  in  the  ease  of  filling  a  common  bottle  over  the  pneumatie  cistern, 
lowing  figure  will  convey  a  eorrect  idea  of  one  of  them,  which,  having  a  f 
a  valve^Tcall  the  piston  valve  volumeter. 

949.  The  lever,  L,  is  attached  by  a  hinge  to  a  piston,  p,  which  works  ii 
chamber,  C.    The  rod  of  this  ^Bton  extends  beyond  the  packing  througfe 
of  the  bulb,  B,  to  the  orifice,  O,  in  its  apex,  where  it  supports  a  falve, 
this  orifice  is  kept  dose,  so  l<mg  as  the  pressuro  of  the  spring,  acting  on 
L,  is  not  counteracted  by  the  huid  of  the  operator. 

1)60.  Suppose  that,  while  the  bulb  of  this  instrument,  filled  with  water  or 
is  within  a  bell  glass  containing  a  gas,  the  lever  be  pressed  towards  the  hai 
valve  consequently  is  drawn  back,  so  as  to  open  the  orifice  in  the  apex  ef  t 
and  at  the  same  time  the  piston  descends  below  the  aperture,  A,  m  the  • 

The  liquid  in  the  bulb  will  now  < 
escape,  and  be  replaced  by  gii, 
securely  included,  as  soon  as  ths 
of  the  spring  is  allowed  to  posh  tl 
beyond  the  lateral  aperture  in  t) 
ber,  and  the  valve  into  the  orifi 
the  apex  of  the  bulb. 

951.  The  gas,  thus  included, 
transferred  to  any  vosseli  Snvei 
mercury  or  water,  by  depnnsin| 
fice  of  the  bulb  below  that  of  tJ 
and  moving  the  lever,  L,  so  ai 

Q  /Mv         Av  the  aperture.  A,  in  the  chamber 

orifice  of  the  bulb  simultsneouslj 

952.  The  bulk  of  gas,  include 
volumeter,  will  always  be  Uie  s 
the  quantity  will  bo  as  the  dens 
ffas  into  which  it  may  be  introda 
filled.  Hence,  in  order  to  uieas 
accurately,  the  liquid,  whether 
mercury,  over  which  it  may  be 

A   ^H  ^    /M  should  l><}  of  the  same  height 

without.     This    is    especially 
in  the  case  of  mercury,  which, 
weight  to  water  as  13.6  to  1,  a 
density  of  a  gas  materially;  o^ 

its  surface  witiiin  the  containing  vessel  does  not  deviate  sensibly  from  the  i 

surface  without. 


Slidinf  Rod  Get  Mtanrt. 
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•  ToMDOTe  this  foarce  of  inaccuracy  I  employ  a  email  gau^,  which  commu- 
«.lb«i^  a  cock  in  the  neck  of  the  bell,  with  the  gna  within.  In  this  gauge 
CktB^  will  answer,  which  is  not  abeorbent  of  the  gaa.  In  the  case- of  am- 
S^idtmmonia  may  be  used;  in  the  case  of  muriatic  acid  gas,  the  liquid 
Tie  nage  is  simply  an  inverted  glass  syphon,  of  one  of  the  legs  of  which 
!*BMe  to  communicate  with  that  m  the  receiver,  holding  the  gas,  while  the 
*^  to  the  atmosphere.  Even  mercury  may  be  used  in  such  an  instrument 
"wcint  accuracy,  because  the  legs  of  tne  syphon  being  near  to  each  other, 
^  HitQte  diipanty  in  the  heights  of  the  two  adjoining  columns  of  the  liquid 
^  t^  ijphon  will  be  discernible. 

Simple  Valve  Fdmneter. 

954.  Besides  the  lower  orifice.  O,  by  which  it  is  filled 
with  gas,  the  volumeter  which  this  figure  represents,  has 
an  orifice  at  its  apex,  A,  closed  by  a  valve  attached  to  a 
lever.  This  lever  is  subjected  to  a  spring,  so  as  to  receive 
the  pressure  requisite  to  keep  the  upper  orifice  shut,  when 
no  effort  is  made  to  open  it. 

055.  When  this  volumeter  is  plunged  below  the  surface 
of  the  water  in  a  pneumatic  cistern,  the  air  being  allowed 
to  escape,  and  the  valve  then  to  shut  itself  under  the 
water,  on  lifting  the  vessel  it  comes  up  full  of  the  liquid, 
and  will  remain  so,  if  the  lower  orifice  be  ever  so  httle 
below  the  surface  of  the* water  in  the  cistern.  Thus 
situated,  it  may  be  filled  with  hydrogenj^roceeding  by 
a  tube  from  a  self-regulating  reservoir.  (797,  798.)  If  the 
apex.  A,  be  then  placed  under  any  vessel,  filled  with 
water  and  inverted  in  the  usual  way,  the  gas  will  pass  into 
it  as  soon  as  the  valve  is  lifled. 

!)5C.  Volumes  of  atmospheric  air  are  taken  by  the  tame 
instrument,  simply  by  lowering  it  into  the  water  of  the 
cistern,  ])lacing  the  apex  under  the  vessel  into  which  it  is 
to  be  transferred,  and  lifting  the  valve :  or  preferably  by 
filling  it  with  water,  and  emptying  i#ln  some  place  out  of 
doors,  where  tho  atmosphere  may  be  supposed  sufiicientlv 
pure,  and  afterwards  transferring  the  air,  thus  obtained, 
l)y  opening  the  valve,  while  the  apex  is  within  the  ves- 
sel in  wliich  its  presence  is  required.  In  this  cose,  while 
carrying  Uie  volumeter  forth  and  back,  tho  lower  orifice 
miiiit  be  closed.  This  object  is  best  effected  by  a  piece  of 
L,  or  a  pane  of  glass.  It  is  necessary  that  tho  water,  the  atmosphere,  and 
kookJ  be  at  the  same  temperature  during  the  process. 

ilCAL  COMPOl  NDS  OF  NITROGEN  WITH  OXYGEN. 

These  compounds  are  five  in  number,  nitrous  and 
wrfe,  and  hyponitrous^  nitrous^  and  nitric  acid.  Their 
«ion  is  given  in  the  following  table: — 


or  1 

ofoi- 


i  vol.   )r  1  atom  oxygen,  1  vol.  nitrous  oxide. 

1  „    or  2  atoms      ,,       2  vols,  nitric  oxide. 
H„    or  3      „  „       hyponitrous  acid. 

2  „    or  1      „  „        1  vol.  nitrous  acid. 
2i  „    or  5      „  „        nitric  acid. 


Of  Protoxide  of  Nitrogen^  or  Nitrous  Oxide. 

.  Tliis  compound  does  not  exist  in  nature.     When 
*IJy  obtained  it  is  gaseous;  yet  the  experiments  of 
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Mr.  Faraday  have  taught  us  that  under  great  pressure,  i 
may  be  conTcrted  into  a  liquid. 

959.  Preparation. — ^Nitrous  oxide  may  be  obtained  b 
die  action  of  dilute  nitric  acid  upon  zinc,  or  by  expoon 
nitric  oxide  gas  to  iron  filingB,  snlptutf!^,  or  other  ffil 
stances  attractire  of  oxygen.  It  is  Dest  procured  bf  suli 
jecting  nitrate  of  amnKHiia  to  heat,  and riifiving  ine pm 
duct  in  an  appa(atus  described  in  the  following  artick 
As  pure  water  abeorbs  this  gas,  Benselius  rttceivvs  itVM 
a  saturated  solution  of  common  salt. 


96a  Thuu. 
•d  of  ibont  aif  htam  It ._  _    . 

■entod  u  bung  dindod  lon^todinaOv,  in  ordar  to  Aow  iIi"  inodc     Th«  pip*,  I 
proeoedi  from  it  iibliqiMly,«aitMrlj&amtlM  bottom  u  [KHiaJble. 

961.  flhnTii  thit  pirt  flf  thfi  rjlindir frnm  whieh  tLo  ni|>e  procasdii,  llwniii  dii 
phngm  of  copper,  p«rlbntod  liu  «  eotuidsr.  A  beD  gius  is  HurvKHinted  tg  *  bra* 
oook,  C,  iDppMting  <i  tuba  aad  bothnr  ball,  fton  which  proceed  on  <>ppBA  ■Hba 

!_..._i  <_    __n n  n    i...  .,         uchBiem  nf  pvfinl* 

iiiotitig  MTtMlIf  iril 


gta,  in  pMuno;  fixiBi  the  nionlli  of  tba  brak,  maj  riec  nndor  and  b«  ciofkl  l>j 
oiaphngm.  Tbie  U  ■«}•  coneiTe  on  tba  Iowm  aide  bo  u  tu  c&uie  the  nltn 
throafh  the  paifbfatioaa alraadT  mentioned,  which  ere  all  eompiiiied  uriMinic 
k«a  in  diimetor  the^thn  b«U  flue.  The  gu  it,  in  the**  meana,  nuA*  to  •On  Ui 
bell  fluBj  and  I*,  pnriouly  U>  it*  enlnDee.  lufficianlJ;  in  conUrt  with  wits,  (o  la 
pnriftad  (tom  th«  leidv^oat  whieb  ueiuJly  icoomiianiD*  it.  On  »i<Miif  of  tb. 
vapour,  tha  em^qjmenl  of  a  antall  qoantitj  of  water,  ta  niult  Dm  ni.lilhBolalilr 
necBHory  ;  antl  for  the  lame  reason,  it  is  reqaiiite  to  li.itv  the  livuli  of  Or  rplATta> 
■ode  u  to  eonTe*  the  gai  into  the  water  witboul  loui  inuj  Itn  uwliJ  i  otbirntiw  i^' 
acid  rapoar  woald  aoon  corrode  the  copper  of  Iha  pi|.<  .  J),  fi  ;ir<  to  onal^  At  p*  '*> 
eacape.  But  while  a  amall  qoantitj  of  water  it  nec<^-drj,  s  lurne  •^uinblf  "  f^ 
ducliTC  of  waste,  ai  it  abeorba  iti  own  bnlk  of  the  gt^.  (Jii  thi^  ncMiunt  IwnUitrf 
theapparatua  hereileecnbecl,  io  preference  to  uiing  gasoinclerd  or  *tr-ltcdfa>.  wbick 
raonini  larger  quantltiei  of  water. 

963.  The  furnace,  I,  u  ao  contrived,  that  the  coala,  Iiring  niui^lnl  ta  »inf,^' 
may  be  parUally  or  wholly  removed  in  an  initant.  F<i>riri<  Ih"  upcrntor  ii  aHbl^ 
without  dilliculty,  to  regulate  the  duration  and  degic"  <it'i|>»  ln'il  lliii  nootial v^ 
the  fira  ii  especially  deairable  in  decompoaing  the  uilrAli'  ni'  nTnni"nia,iu  ihaiO"' 
otherwise  might  suddenly  become  xi  violent  as  to  bui  •!  ilu'  iiilorL  The  iroo  eMBafr 
represented  at  N,  ia  suspended  within  the  furnace,  so  u  hi  iiii{i)iiirt  the  g1)a*Kt^ 
for  which  purpose  it  is  peculiarly  adapted.  The  Grxt  uorlions  -t  gn  wUlt  P' 
over,  consisling  of  the  air  previously  in  the  retort,  art  alkmud  In  otcapo  lliiM^i'^ 
cock,  H,  As  soon  astho  nitroos  oxide  is  evolved,  it  iniy  )ie  di'lecUnl  by  aJkO'f  * 
jet  from  this  cock  to  act  upon  the  flame  of  a  taper. 

9C4.  To  obtain  good  nitrous  oiide  gas,  it  ia  not  neceaaary  that  tlw  aittili  cf  M- 
monia  ahoold  be  ciystalliiad  ;  nor  docs  the  presence  of  a  minute  qoaali^  of  aanidi 
acid  interfero  with  the  result.  I  have  employed  advantageously,  in  the  p«l'  ''" 
of  this  gas,  the  concrete  mass  formed  by  salurating  strong  niltio  aeid  with  ei 


966.  Rationale  of  tht  Proctu. — Nitmtt!  or  ammonia  consists  ornitri 
acid  and  ammonia;  nitric  acid,  of  Hvi'  atoms  of  oiygin  and  one  of  nitn 
gen;  and  ammonia,  of  one  atom  of  nilrogt^n  and  ihrMi  atoms  of  hydroga 
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ne  aton  of  this  salt,  five  atoms  of  oxygen,  three  of  hydrogen,  and  two 
itrogen  arc,  therefore,  present.  It  must  be  evident  that  if,  in  conse- 
loeoir  the  heat,  each  atom  of  hydrogen  takes  one  of  oxygen,  there  will 
Ml  one  atom  of  oxygen  led  for  each  atom  of  nitrogen.  Hence,  the 
if  of  the  salt  is  resolved  into  water,  and  protoxide  of  nitrogen  or  ni- 
loxide. 

67.  Properties  of  Nitrous  Oxide. — It  is  a  permanent 
.  100  cubic  inches  weigh  47.25  grains.  It  supports 
combustion  of  a  candle  flame  vividly ;  though  nitric 
le  gas,  containing  twice  as  much  oxygen,  extinguishes 
)e.  Phosphorus  is  difficult  to  inflame  in  it,  but  bums 
1  rapidity  when  once  on  fire.  The  habitudes  of  sul- 
I  are  in  this  respect  analogous  to  those  of  phospho- 
.  An  iron  wire  burns  in  it  nearly  as  well  as  in  oxygen 
.  Most  of  the  combustible  bodies  burn  in  nitrous  oxide, 
len  ignited  with  hydrogen,  an  explosive  reaction  en- 
8,  and  water  and  nitrogen  result.  It  has  no  attribute 
icidity.  When  respired  it  stimulates  and  then  destroys 
.  Its  effects  on  the  human  system,  when  breathed,  are 
dogOQs  to  a  transient,  peculiar,  various,  and  generally 
ry  vivacious  ebriety.  It  is  much  more  rapidly  and  ex- 
asively  soluUe  in  water  than  oxygen.  Romberg's  pyro- 
K)nis,  or  that  which  I  have  contrived  to  obtain  from 
u«?ian  blue,  takes  tire  on  falling  through  the  gas.  Agreea- 
V  to  the  researches  of  Faraday,  to  the  results  of  which 
u?ion  has  been  made,  when  nitrate  of  ammonia  was 
aied  at  one  end  of  a  sealed  recurved  tube,  nitrous  oxide 
u  condensed  into  a  liquid  at  the  other  end. 

Experimental  Illustrations. 

968.  The  process  and  apparatus  for  producing,  collect- 
(  and  breathing  nitrous  oxide  gas,  exhibited.  The  ef- 
ttona  lighted  candle  and  on  an  iron  wire,  shown. 

Combustion  of  Phosphorus  in  Nitrous  Oxide. 

••ft.  There  is  a  sinj^jlar  indisposition  in  the  oxides  of  nitrogen  to  part 
fclheir  ox ygc-n  to  phosphorus,  until  it  bfj  intensely  ignited  either  by  an 
aiAtta-nt  irf>n,  or  by  the  access  of  uncombined  oxygen. 
Wl  This  characteristic  in  the  case  of  nitrous  oxide,  may  be  illustrated 
■n»  of  an  apparatus,  hke  that  employed  for  the  combustion  of  phas- 
MM  it  oxygen,  and  of  which  the  opposite  engraving  is  a  representation. 
■■iili  of  a  tall  cylindrical  nxreiver,  and  a  tube  descending  through  the 
kaadftldig  the  axis  of  the  receiver,  terminating  in  a  capillary  orifice 
'llaaip  for  holding  tlie  phosphorus.    The  upper  end  of  the  tube,  out- 
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CffNkrie  Oxide^Jormerly  eJU  Nitnm*  Air. 

9T2.  Hub  oxide  is  an  «ti6cial  pndiictf  and  is  6t 
oofy  ID  the  gaseooB  atate.  Its  temkncy  to  comhin 
o^gen  ren£n  it  impossible  fcr  it  to  exist  vfaere  t 
mo^ihenhaB  access. 

973.  Prquratiom. — ^Nitric  oxide  is  erolTod  durii 
reactirai  between  nitric  acid,  and  ct^iper,  sitrer,  and 
metals. 

8^-r^alimg  Afpmntnfir  gemer^iag  Niirie  Oxiit. 

974.  Tbe  oommuid  oTa  sufidort  ■ 
nitric  caoda  ■  moal  onvenieBdy  aUl 

mtttjiff  of  &  r^  Hiiynl»tiiig  auUMBtUa, 

the  nnnoer  wluch  I  an  about  to  dncr 

975.  A  vend,  peribcated  at  the 
other  reqtects  reaetnbiing  a  decankr;  i 
ing  a  knig  oecki  sunnounted  bj  ■ 
cap)  cock  and  gallom  screw,  ■  piMK 
a  glasd  jar  of  suitable  dimenaoiu,  • 
aented  in  the  adjoioing  figure.  Bjr  n 
the  gallowB  screw,  a  flexible  leaden  yi 
attached,  as  to  Tonn  a  oommumcatioa 
bore  of  the  cock.  The  cavity  of  th 
being  supplied  with  cc^iper  shieds  or  t 
and  the  jar  with  diluted  nitric  acid,  b; 
action  or  the  metal  with  the  acid,  gt 
piously  evolved,  producing  red  fumes  I 
rating  nilroua  acid  with  ibe  oxygen  of 
The  emission  of  the  gas  should  be  p 
until  the  red  fumes  disappear.    Hk:  o 

'    then  bo  closed,  unless  it  be  deurable 

the  gas  to  be  transferred  to  another  rei 

076.  It  should  be  understood  that  the  acid  passes  into  and  oat  o( 

tie,  through  the  perforation  in  the  stem ;  while  by  means  of  a  fraj 

glaas,  the  metallic  shreds  arc  prevented  from  escaping. 

977.  Properties. — Nitric  oxide  is  colourlees,  perm 
ly  elastic,  and  rather  heavier  than  air.  By  water  it 
slightly  absorbed.  It  is  not  acid.  It  extinguishes 
die  flame,  but  ignites  Hombcrg'a  pyrophoru&»  and  su 
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tke  combustion  of  phosphorus,  if  iniSamcd  before  immer- 
Bon  in  it,  or  aided  by  the  access  of  a  minute  quantity  of 
QxygCD.    It  is  fatal  to  animals,  renders  the  flame  of  hydro- 
gCD  green  by  mixture,  does  not  explode  with  it,  but  ex- 
plodes with  ammonia.    It  unites  rapidly  with  oxygen  gas, 
the  oxygen  of  the  air,  or  of  any  other  gaseous  mixture, 
fmduciDg  remarkable  red  acid  fumes.     It  is  absorbed  by 
the  green  sulphate  and  the  protochloride  of  iron.      The 
loluiion  acquires  the  property  of  absorbing  oxygen,  and  is 
iercfore  used  in  eudiometry.    Nitric  oxide  is  decomposed 
W  moif^tened  iron  fihngs;  also  by  ignited  charcoal,  arse- 
uc,  zinc,  and  potassium. 

Eiperimeniai  Illustrations  of  the  Properties  of  Nitric  Oxide. 

978.  0)pper  or  silver  being  subjected  to  nitric  acid,  ni- 
tric oxide  gas  is  extricated,  and  collected  in  bell  glasses 
wer  water  or  mercury. 

979.  Absorption  of  nitric  oxide  gas  by  protochloride,  and 
protosulpbate,  of  iron,  shown:  also  the  method  of  ascer- 
taining its  purity  by  the  sliding-rod  eudiometer;  and  its 
applicatioo  to  eudiometry,  in  various  ways,  by  means  of 
that,  and  other  eudiometrical  instruments. 

ySW.  Self-regulating  reservoir  of  nitric  oxide  gas  for  eu- 
dioisetrical  experiments.  Absorption  of  oxygen  gas  by 
Mine  oxide,  and  the  consequent  acidity,  made  evident  by 
the  effect  on  litmus.  Pyrophorus  in  falling  through  the 
gas  is  ignited. 

Cf  Hypomtrous  Acid. 

•*1.  This  acid  was  isolate<i  in  the  following  manner  by  Dulong.     Hav- 

i||fuF#|ertcd  a  miAtuit.'  of  four  volumes  of  nitric  oxide  with  one  of  oxygen, 

■  t  fub^,  t<»  a  frcfr/ing  mixture,  he  obtained  the  acid  in  question  in  the 

h»of  a  d*"<'f»  fn^^n  liquid  so  volatile  as  to  be  converted  into  a  red  vapour, 

■fe»  rwitrainrd  by  int<iise  cold.     Tlie  hy|)onitrous  acid,  thus  procured,  is 

fiBally  <ie«*t»m[KK5t'd  by  water  into  nitric  oxide  which  escapes;  while  the 

•■Jpn,  conil'ining  with  another  portion  of  the  hyponitrous  acid,  forms 

lAricid.     1'his  unites  uith  the  water,  and  protects  the  remainder  of  the 

l^ypuoiliXNis  acid  frf>ni  decomposition.     According  to  Berzelius,  it  is  formed, 

a  Qoabifialii  »n  with  Uises,  when  nitrates  are  kept  at  a  n^d  heat  for  some 

liMb    k  ki  allegi.'d  that  a  hy|X)nitrite  of  lead  is  produced,  when  nitrate  of 

kitfiikfled  with  metallic  l(*ad. 

Hyponitrous  aci<l,  when  isolated,  does  not  combine  directly  with 
hH  is  rus^>lvcd  by  contact  with  them  into  a  nitrate  and  nitric  oxide 
flevertl>ele:»s  it  may  be  transferred  from  one  base  to  another.     It  is 
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alieeed  to  tbfm  a  crystmlliiie  compoand  with  sulphuric  acid,  and  to  combii 
wiih  nitric  »ad;  but  it  Is  qnesdoaable  vbether,  in  combiniDg  with  nitr 
acid*  it  is  not  resolved  into  nitric  oxide  and  nitric  acid.  As  an  ingrediei 
in  ooe  of  rhe  ethereal  compounds  tbrmed  by  the  reaction  of  nitric  acid  wil 
aloobol.  this  acid  appears  to  hare  some  practical  importance.  Of  the  eth 
tfaiB  formed  it  would  be  preiDatiire  to  treat,  until  the  subject  of  etherifia 
tioQ  is  undertakeiu 

OfyUroms  Acid. 

963.  This  combination  ia$j  be  procured  in  the  gaseous  state,  by  nw 
ing  two  volumes  of  deutoxide  of  nitrogen,  and  one  of  oxygen ;  or  l^'  sul 
jectin^  fuming  nitric  acid  to  beat,  and  collectii^  the  product  in  a  reoeire 
It  is  suso  procured  hy  distillii^  nitrate  of  lead.  Moist  nitrous  acid  is  a  gc 
of  a  deep  red  colour.  When  anhydrous^  it  is  a  liquid  of  an  orange-yella 
which  boils  at  72^.  In  this  form  it  may  be  obtained  by  passing  deutoxic 
of  nitrogen  and  oxygen,  both  prrriouJy  driedy  through  a  tube  filled  wil 
fragments  of  porcelain;  or  by  desiccating  the  nitrate  of  lead  before  cmplo; 
ing  it  as  above  mentioned. 

9S4.  As  the  compound,  consisting  of  one  atom  of  nitrogen  and  fo 
atoms  of  oxygen,  called  mtrtms  acid  by  the  chemists  of  Great  Biitain, 
decomposed  when  presented  to  bases,  Berzelius  does  not  regard  it  as  a  d 
tinct  acid :  but  gives  the  name  in  question,  to  the  trioxide  of  nitrogen,  (75( 
called  kypomitnms  add  by  the  British  chemists. 


%5.  Th«  taD  receiver  and  the  pear-shaped  vessel  in  its  vicinity,  being  filled  wi 
water,  and  placed  opon  the  shelf  of  the  hydro-poeomatic  cistern,  (609,  &c.)is  repi 
senied  in  the  en^rarinir,  hj  means  of  cocks  with  gallows  screws,  and  a  leadsn  pi] 
properly  attached,  render  it  practicahle  to  make  Iwtween  them  a  communication 
pleasure. 

1)66.  These  preparations  beinj^  made,  allow  the  pear-shaped  vessel,  which  I  « 
call  a  Tolumeter,  to  be  twice  filled  with  nitric  oxide,  and  as  often  allowtod  to  yield 
its  contents  to  the  receiver.  Then  fill  the  volameter  with  oxygen  gas.  In  the  Zk 
place,  open  the  communication  a^ain  with  the  receiver.  The  oxvgen,  psssing  i 
the  nitric  oxide,  produces  dense  tunics  of  nitrous  acid.  At  first,  in  consequence 
the.  rise  of  temperature  which  attends  the  combination,  there  appears  wme  ezp< 
{lion ;  but  a  speedy  absorption  of  the  nitrous  acid  generated,  cau:>es  the  water  to  rJ 
and  nearly  fill  the  receiver.  From  some  bidden  cau5e,  I  have  never  beta  able 
attain  a  complete  condensation  by  this  process,  however  pore  might  be  the  gase< 
materials  employed. 

.Ipplication  of  Xitrir  Oxide  Gas  to  Eudiomctry. 

0?7.  The  property  which  this  substance  has  of  forming  with  oxygen,  nitroos 
hyponitrous  acid,  either  of  which  is  absorbed  by  water,  has  caused  it  to  be  uted 
eudiometrical  operations;  but  owin<i  to  the  variable  proportions  in  which  the  ibt>v 
mentioned  compounds  are  liable  to  be  loniied.  tlie  results  obtained  have  be< 
deemed  uncertain,  and  the  directions  ff»r  usin^  nitrous  oxide,  ifiven  by  sucfc  em 
nent  chemists  as  Dalton,  Gav-Lussac,  and  Thomson,  are  at  variance.  GayLu** 
gave  an  empirical  formula,  aijreeably  ti>  which  one-fourth  of  the  condensation,  pf 
duced  by  a  mixture  of  equal  parts  of  atmospheric  air  and  nitric  oxide,  is  to  be  s 
Bumed  as  the  atmospheric  oxvgen  present. 

I)"?."^.  As  in  two  volumes  of  nitric  oxide,  a  volume  of  nitrofren  is  combined  wil 
one  volume  of  oxygen,  occupying  the  r.ame  bulk  as  if  merely  mingled, — to  conve 
the  nitric  oxide  into  nitrous  acid,  which  consists  of  the  same  quantity  of  nitrogf 
with  two  volumes  of  oxygen,  one  volume  of  oxyiron  must  be  added.  Of  courw, 
nitrous  acid  be  the  product,  one-third  of  the  deficit  produced,  would  bo  the  quanti 
of  atmospheric  oxygen  present.  This  would  be  too  much  to  ct»rrc»pond  with  t 
formula  of  Gay-Lussac. 

[fr*\l  Supposing  hyponitrous  acid  produced,  only  half  as  much  oxygen  woald 
required  oh  is  necessary  to  produce  nitrous  aeid;  so  that  instead  of  the  two  volun 
of  nitric  oxide  taking  one  volume,  thev  would  take  only  half  a  volume.     The  ratio 
}j  ill  *2.3,  is  the  same  a.s  I  in  5,  or  onc-6fth,  which  is  to«»  little  for  Gav-Lussac's  ml 

XK).  The  formula  recommended  by  Dr.  Thomson,  agreeably  to  which  one-third 
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icficit  it  to  be  ascribed  to  oxygen,  is  perfectly  consistent  with  the  theory  of  vo- 
•,  and  moch  more  consonant  with  the  results  of  my  experiments  than  that  re- 
neiKied  by  the  celebrated  author  of  that  admirable  theory. 
1.  The  late  Professor  Dana  in^niously  reconciled  Gay*Lus8ac*s  statement  with 
bsonr  of  Tolumes,  by  sug^estm^  that  half  a  volume  of  oxygen  may  take  one 
Mof  the  nitric  oxidfe,  and  another  half  volume  of  oxygen,  two  volumes. 

vol.  vol. 

I  oxygen  takes  1  oxide  and  forms  nitrous  acid. 

i  oxygen  2  oxide  and  forms  by ponitrous  acid. 

1  3 

The  total  condensation  here  would  be  four  volumes,  and  the  deficit  due  to 

0  is  ooe  volume,  or  one-fourth. 

With  the  deference  due  to  a  chemist  so  distin|riiished  as  the  author  of  the 
la  in  question,  I  long  strove  unsuccessfully  to  verify  his  statements.  Ameably 
reatnomber  of  experiments,  annually  repeated  during  many  years  witn  differ- 
vtraments,  it  has  been  found  that,  when  three  volumes  of  nitnc  oxide  are  mix- 
er water,  vith  five  of  atmospheric  air,  nearly  the  same  condensation  is  effected, 
en  like  quantities  of  air  ana  hydrogen  are  ignited  together.  In  order  to  de- 
rate the  truth  of  this  allegation  to  my  numerous  class  of  pupils,  I  have  em- 

1  tbc  apparatus  represented  by  the  opposite  engraving,  and  described  in  the 
TMg  article.  In  this  the  volumes  employed  are  so  large  as  to  make  the  results 
ifly  evident  to  the  most  remote  observer. 

y§lmmeseope  far  the  .Analysis  of  Atmogpheric  Air  by  J>fUrie  Oxide. 

■  Secured  in  a  screw  rod  and  plate  frame,  (248,)  there  is  a  glass  cylinder  thirty 
I  in  height,  and  about  five  inches  in  diameter>  Into  the  brass  plate  which 
it  at  top,  three  cocks  are  inserted,  each  provided  with  a  gallows  screw.  By 
I  of  a  flexible  leaden  pipe,  let  one  of  the  cocks  be  make  to  communicate  with 
'  pump.  Let  the  other  cock,  by  like  means,  be  made  to  communicate  with  a 
riiaped  ghaa  vessel,  which  acts  as  a  volumeter,  or  volume  measurer.  Let  the 
4er.  by  atans  ef  scales  placed  on  each  side  of  it,  be  graduated  so  as  to  hold 
:  Toluaes,  any  three  of  which  shall  be  equivalent,  collectively,  to  the  contents 
e  voltmeter  Hie  apparatus  being  thus  prepared,  and  secured  over  one  of  the 
I  of  tW  pneumatic  cistern,  (Gil ,)  exhaust  the  cylinder  by  means  of  the  air  pump, 
to  cause  the  water  to  rise  in  it,  until  by  the  scale  only  five  volumes  of  atmos- 
c  air  are  leA,  and  then  open  a  communication  with  the  volumeter.  The  air 
iasd  in  this  vessel  will  then  pass  into  the  cylinder,  consequently  the  water  will 
ieto  the  division  upon  the  scale  which  designates  eight  volumes,  thus  showing 
te  capacity  of  the  volumeter  is  equivalent  to  three  volumes  as  premised.  Next, 
aat  <»f  the  pump,  raise  the  water  again  to  the  division  upon  the  scale,  marking 
•hunes.  lad  fill  the  volumeter  with  nitric  oxide.  If,  under  these  circumstances, 
muinication  between  the  pear-shaped  vessel  and  the  cylinder  be  re-established, 
itiie  oxide  will  pass  into  the  cylinder,  and,  combining  with  the  oxygen  of  the 
iasd  air,  will  produce  nitrouH  acid  in  rod  fumes,  which  the  water  will  absorb 
J  It  first.  This  absorption  is  prpmotcd  and  completed  by  jets  of  water,  pro- 
vertiBally  throusrh  the  minirlod  gases,  by  means  of  the  recurved  pipe,  and 
bstic  bag  to  which  it  in  attached.  It  has  been  shown  by  the  preceding  part  of 
i»ccas,  that  the  contents  of  the  volumeter,  added  to  five  of  air,  would  make 
rolones.  were  there  no  absorption;  but  the  actual  residue,  when  the  experi- 
is  well  p«Tformed,  is  always  a  little  less  than  five  volumes,  indicating  that  a 
lore  than  one  volume  of  oxygen  is  contained  in  the  five  volumes  of  air  em« 
.  and  that  this  is  condensed  by  combining  with  twice  its  bulk  of  nitric  oxide, 
tmusacid,  usually  thus  called,  cr>n8istM  of  one  volume  of  nitrogen  and  two 
IS  of  oxypen.  Of  cotjri*e,  to  convtTt  into  this  acid,  nitric  oxide,  consisting  of 
iluDe  of  nitrogen  and  one  volume  of  oxygen  uncondensod,  one  volume  of 
must  be  added. 

mWidiMg-rod  Eudiomrter  for  the  Analysis  of  Gascons  Mixtures  by  Absorption, 

IWfiwTn  of  tlieiliding.rod  eudiometer  represented  in  the  next  figure  does 
ferfam  that  for  inflammable  mixtures,  (!*4(),)  as  respects  the  mechanism  by 
iht  Ittd  is  s<^cured,  or  the  graduation,  which  it  is  convenient  to  have  exactly 
•  k«Ch.  The  modification  which  I  am  about  to  consider  I  found  very  ser- 
li  Jb  IIm  analysis  of  gaseous  mixtures,  containing  carbonic  acid  gas,  or  for 
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A  %*..A/  ;wt  'wta  TTJta  raft  mriatft  it  zjn  wizar. — ^J€n-r^i^  «■<  :ki  rod  a( 
^.-^^.fx:,^*^.  *Jix*  ^v,  •-M*  •-!.«  I-y   :ni5:tnr«"»     r  irji.  «ki<r.  r    i__r.  sad  MBsfer 

f*«t/;.A»  ^«  .r.v#  txi»  '.o-vt.  -Kctj-^nr  i:  in»  :•::  -^e  rzc  laui  I-V>  flRdua 
*c;»*rt.'  In  *s^.  n-^it  pa.-«  •^•wt  li-;  :*-*:::ia:  r^-*  :'"  "i  '-i*  -:i^-.ri»eat:  &e  do 
'if  y  v:  xtt4/^/R.«  '-f  the  rv:  wi.-.i  r*-.i^    :i  'Ji-i  - 1*->.  :■•  :f  the  ■ 

f^'yJwt^S  &7  ihft  ar/ftorpt;oa  ■',:'  ia«  : xjr*:!  i::^'-  --*-.:  .;i:J<.  . 

i/^,  fn  *  srre%t  mmh^r  of  eiT«r.ni<nti.  I  -15*  !*:-ai  tj;*  «:.»5c:t  to  A^ra* 
fM::)irl/  With  Ui*l  pTfMiir.t*i  bj  tee  expl«>*..rQ  <:'  ti-?  soai^  :-int::y  of  air  vitkk 

jf#:fi,  »r*  lh*i  */i«ieouj  «lid;ng-rod  cjdr'X'iygcn  eu  i.  .z:e'-er .  bat  up^jB  the  vhlh 

Mulh^td  of  asrrrlaintng  tlu  Purity  of  .^itrir  Oi:ii*  "j  rxtiiiu  of  a  Soimiitm  of  Frtk 

ridr,  or  Protofu'pkat*  of  h<m. 

'¥¥.)  Th*!  f»»jrily  of  mlrir  oxide  i«  easily  a.'^ot  rtiined  l»y  means  of  a  aohiti 
|/toi/.<  Mor»d':,  or  ^r*:*-xt  nuljihtte  of  ifii.  a:i»j  '.i  >'..tlini;-r.Ml  fiidioineter  abov 
u*rihft\  A  (iriiall  bottle  \>*:\x\'j  fjlle<i  v,;ih  a  -'>!'i'.  -n  "t'  liie  s;ih.  and  inrefted 
lh«!  nhj-irof  th'!  hydro-jmeuiriitic  ci-^tj-rn.  lake  m!  ■  t.:e  eu«li<«ineler  one  hundred! 
■  nf'-ii  of  th#;  ^;in,  and  trannfer  ihera  to  the  Initlle.  wiiicii  ini:«>t  be  aint*t<^<i  for  ' 
l|ir»i«i  riiiriijtf'H  Th<!  re<:iMver,  l>eiDi?  tilled  with  \vat»'r.  and  depressed  into  the 
ni  \Ut  hydro  \nu'\\n\:i\\c  ciMtrrn,  till  tlu-  ajMX.  A.  is  <.»  a  level  with  the  stirfac6| 
u\t  int/»  it  th«  rf^idiial  j(a««.     In  the  next  place,  <!ra\v  it  into  the  eudiouieter. 

IfMKl.   \u   doifi/   thii*  it  iH  irnniaterial   how  much   water  may  folk>f^,  becaoi 
fjuiinhty  will  hf  inferred  trom  the  iiumhtrr  ot' ^raduatioiisi,  which  miut  outer  the  1 
of'  iho  l(ih«*,  in  orditr  to  eUcct  tiie  expulbion.     Ot'  courbe  the  impurity  will  be 
iiuinhfir  lliuf  Toiind 
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I  solation  €f  nitrit  ozid«  in  the  abayementioaed  femuMioas  mIo. 

idb  power  «f  ftlMorlung  oiygen,  and  wm  recommeiided  by  Sir  n.  Dmvy  as 
H  if  9ac4itlthiag  the  quantity  of  that  gaa  in  the  air.  The  uMde  of  nmn§ 
M  kt  the  SUM  as  that  Just  daserihedy  taking  Qajgan  into  the  •ndiometar 
r  ailiie  ozido^and  filling  the  bottle  with  the  lerrnSnoiis  eohitioft  of  nitri6 
leaief  theeoiation^the  piifeenlpliateorinviodikndeel'iraiLr  UmkH 
\  ■rthcid  ef  ascertaining  the  qnantity  of  oxygen  in  the  air,  mnch  more  te- 
MKh  Um  wtislactoiy  Uian  theee  alreadj  Moflied. 

Theory  of  Volumes. 

t.  It  18  presumed  that  a  reader^  who  has  careftdfy 
diifl  work  thus  far,  may  have  his  attention  adrtin* 
if  directed  to  the  theory  of  Ycdumeft}  otherwise 
guage,  now  usually  employed  in  treating  of  combi* 
•  lesolting  from  the  union  of  gaseous  substances, 
not  always  be  inteUigiUe  to  him. 
i.  It  has  been  advanced  by  Gay^Lussac,  that  sub- 
i,  when  a&iform,  unite  in  volumes  which  are  eijiia], 
when  unequal,  the  larger  volume  is  double,  tnple, 
farude  the  other. 

L  This  hypothesis  has  bera  verified  bf  experinient 
aspect  to  all  substances  which  are  capatm,  whfle 
Ml  of  bsBg  combined  or  decomposed^  It  is  extended 
eiaice  la  other  substances,  under  the  idea  that  aU 
KeptiUe  of  the  atiriform  state.  A  volume  is  said  to 
equivalent  of  another  volume,  when  capable  of 
I  with  it  a  definite  compound,  or  when  just  ade- 

0  disfrface  it  from  combination. 

u  It  inuBt  l>e  evident,  a  priori,  that  if  each  atom,  of 
er  kind,  were  to  occupy  in  the  aeriform  state  an 
qpaee,  atoms  might  be  as  well  represented  by  equal 
9  as  by  their  equivalent  numbers;  the  former  af- 
;  by  measure,  what  the  latter  give  by  weight.  Now 
Ke  justifies  the  belief  that,  in  gmieral,  atoms  do 

1  an  equality  of  volume  when  rendered  a^rMbrm,  and 
Imd  the  bulks  assumed  are  unequal,  the  inequality 
e  lenioved  by  multiplying  or  dividing,  by  a  whole 
Rf  those  volumes  which  are  smaller  or  ku-ger  than 
jfL    This  is  all  that  the  hypothesis  of  Gay-Lussdc 

L  BerxeUas  infers  that  water,  and  the  protoxides  of 
1^  and  aitiogen,  each  consist  of  one  atom  of  oxygeti, 
V  atoms  of  the  other  ingredient.  Admittii^  this  to 
liiect  inference,  equivalent  weights  of  the  four  ele- 
j  gaseous  substances  abovementioned,  actually  oc- 
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copj  equal  spaees;  so  that  their  atoms  are  as  wdl  i 
seated  bj  equal  vcJames,  as  by  the  nombesi  indie 
their  ratio  to  each  other  in  weight  Bat  if  we  soj 
thaty  in  the  compounds  abovementioaed,  there  is  cat 
atom  of  each  ingredient,  the  equivalent  yolumes  of 
rine,  hydrogen,  and  nitn^n,  althou^  still  equal  to 
otlM^  in  bii&,  will  each  be  twice  as  lar^  as  the  eqiai 
Yolume  of  oxygen*  The  British  chemists,  in  general 
ferring  die  last  mentioDed  yiew  of  the  atcmiic  oonstil 
of  the  compounds  aboyemodtioned,  represent  the  aio 
chlorine,  hydrogen^  and  nitrogen,  each  by  one  yolum 
atom  of  oj^en  fay  half  a  yolume. 

1007.  When  gaseous  substances  enter  into  coakid 
preserying  the  afiriform  state,  in  some  cases  diere  is 
duction  of  yolume,  in  others  none.  When  a  reio 
does  ensue,  the  bulk,  or  resulting  yolume  of  the  coop 
is  to  the  aggregate  bulk  of  the  constituent  yolumeib^ 
as  I  to  2, 1  to  3, 1  to  4,  or  2  to  3,  2  to  5,  dsc 

1008.  This  win  be  rendered  evident  by  the  fti 
taUe,  in  which  the  number  of  atoms  and  the  nuni 
yolumes  which  enter  into  some  important  compc 
are  represented  by  corresponding  squares.  Each  i 
stands  for  a  yolume,  and  half  a  square  for  half  a  y« 
The  first  column  ccmtains  the  name  of  each  gas  c 
pour;  the' second,  the  equiyalent  volume  of  the  gas  il 
pie,  or  an  association  of  the  volumes  represeDtin 
constituents  if  compound ;  the  third,  the  resulting  ▼< 
of  the  compound  formed;  and  the  last,  the  pressor 
pressed  in  atmospheres,  necessary  to  produce  liquefe 

1009.  Among  the  instances  cited  in  the  table,  it  i 
seen  that  there  is  none  in  which  the  bulk  of  the  c 
tuent  volumes  is  to  that  of  the  resulting  volume  in  a 
greater  than  that  of  3  to  1.  The  only  permanent  f 
which  the  elements  are  alleged  to  exist  in  a  sti 
greater  condensation,  is  olefiant  gas,  consisting  o 
volumes  of  the  vapour  of  carbon,  and  two  volumes  < 
drogen,  condensed  into  one  volume.  There  are 
vapours,  consisting  of  the  same  elements  in  the 
atomic  proportion,  in  which  8  or  9,  or,  according  t 
Thomson,  even  25  constituent  volumes  are  contame 
resulting  volume. 
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C^NUncAcid. 

1010.  Although,  under  ordinary  circumstance?,  ain 
will  not  combine  with  oxygen;  yet,  ■wlujii  mixed  '' 
and  exposed  to  a  succession  of  electric  sparks,  ' 
one  of  the  niost  important  agents  in  cboniistry 
ted.  Berzeliua  alleges  that  traces  of  nitric  acid,  ine 
nation  with  ammonia,  may  almost  always  he  dii^ott 
the  rain  water  accompanying  thunder  storms.  Tliis « 
cal  combination  is  protnbly  produced  by  liglitning. 
same  author  states  that  when  a  jet,  con;«i»ting  of  one  to 
lume  of  nitrogen  and  fourteen  of  hydrogen,  is  inflaiaa 
while  flowing  into  a  vessel  containing  o.vy^^en,  nitric  adi 
is  produced.  There  are  probably  some  iinknonii  meooi 
by  which  chemical  union  is  induced  bet\vi:-c'n  nitrc^n  u 
oxygen;  whence  the  great  quantity  of  nitraic  of  potas 
spontaneously  produced  in  various  sitiEitions. 

1011.  It  has  been  supposed  that  tliis  acid  i^  forma 
during  the  eudiometrical  analysis  of  atmospheric  sir  b 
hydrogen;  and  that  the  deficit  being  tlui.'^  increased,  lead 
to  an  undue  estimate  of  the  oxygen.  1  consider  Oiis  in 
pression  erroneous;  as  upon  one  occasinn.  t.y  cvjilodin 
BuccesBiTe  portions  of  hydrogen  with  atmoaf^enc  UTn 
collected  nearly  half  an  ounce  of  water,  and  found  it  devi 
of  acidity. 

1012.  Preparation. — The  production  of  nitric  acid  b 
electricity  is  too  laborious  to  be  resorted  to  for  the  poipu 
of  the  chemist. 

1013.  Agreeably  to  the  usual  process,  nitre,  wUchca 
sists  of  nitric  acid  and  potash,  is  subjected  to  heat  witfa  I 
equal  weight  of  sulphuric  acid,  in  a  glass,  porcelain,  or  iff 
retort,  communicating  with  a  glass  receiver.  The  iitr 
acid  is  displaced  by  the  superior  affinity  of  the  sulpbui 
acid  for  the  potash,  and,  being  vaporized  by  the  bei 
passes  into  the  receiver,  where  it  condenses  into  a  liqui 
Thus  obtained,  it  is  more  or  less  contaminated  with  nitroi 
acid  or  nitric  oxide,  also  with  chlorohydric,  and  sulpbui 
acid.      By  distilling    from  it  about  a  third  of  the  whc 

auantity,  the  nitrous  and  chlorohydric  acids  pass  over  in 
ie  receiver  with  the  portion  of  nitric  acid  distilled,  learii 
the  residue  in  the  retort  free  from  them.  Sulphuric  M 
may  be  removed  by  distilling  the  nitric  acid  from  oi 
eighth  of  its  weight  of  pure  nitre,  or  by  the  addition  oft 
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irhjch  pecipitates  in  the  form  of  an  insoluble  com- 
with  the  sulphuric  acid.  Chlorohydric  acid  may  in 
loner  be  removed  by  a  solution  of  silver ;  as  this 
bills  with  the  chlorine  an  insoluUe  compound  which 
tales. 

»  Properties, — ^Nitric  acid  emits  pungent  suffocating 
ud  hem  a  peculiar  odour.  When  pure  it  is  colour- 
rt  when  exposed  to  the  light,  it  is  slowly  decom- 
■tfD  Q^gen  gas,  and  nitrous  acid  or  nitric  oxide 
is  absorbed,  giving  an  orange  colour  to  the  nitric 
ITiis  decomposition  takes  place  much  more  rapidly 
■D.  Nitric  acid  cannot  be  obtahied  free  from  wa- 
Fith  almost  all  the  metals  it  reacts  powerfully,  also 
guic  fflibetances,  causing  them  to  be  oxidized.  It 
lad  destroys  the  skin.  It  may  be  considered  as 
ig  of  the  mgredirats  of  atmospmric  air  in  the  liquid 
nt  containing  ten  times  as  moch  of  the  active  porin- 
xnsD.  It  is  the  most  energetic  principle  in  gaor 
*•  In  ha  highest  state  of  concentration,  at  a  speci- 
rily  of  li5&,  one  atom  of  the  acid  contains  one  atom 
vt.  TUs  concentrated  acid  boils  at  175^  and  freezes 
p.  Whn  it  contains  one  atom  of  acid  to  four  of 
it  has  a  specific  gravity  of  1.42,  and  boils  at  248^. 
od,  whether  weaker  or  stronger  than  this,  has  the 
point  at  a  lower  temperature.  If  weaker  it  is 
bened,  if  stronger  it  is  weakened,  by  boiling;  and 
f  aD  degrees  of  strenjirth  become,  by  the  continued 
tion  of  a  sufficient  degree  of  heat,  of  the  specific 
'  of  1.42.  The  officinal  specific  gravity  is  1.5,  in 
ease  it  contains  two  atoms  of  water  to  one  of  acid. 
K  Nitric  acid  is  employed  in  giving  a  yellow  colour, 
'Various  other  puposes  in  manufactures.  It  is  used 
idne  for  fumigations,  in  cases  in  which  chlorine  is 
ible. 

Experimental  Illustrations, 

L  The  extrication  and  distillation  of  nitric  acid, 
by  means  of  a  glass  retort  and  receiver,  heated  by 
I  or  small  sand  bath.  Its  action  on  various  sub- 
i^aemplified. 
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Of  the  Orange^^olaured  Fuming  Nitric  Addy  catted  Nkmk 
nitric  Acid  in  the  Sicedish  Pharmacopma.  ^ 

1017.  In  whatever  |nroportion  sidphuric  acid  may  be  li 
ployed  in  the  process  just  described  for  procorioff  mq 
add,  the  liquid  obtained  is  of  an  oran^  colour,  ^lis  ol 
lour  bec<»nes  deeper,  when  the  qu&ntity  of  sulphoric  ad 
emplo3red  is  insufficient  to  produce  a  bisulidmle  wMi  A 
potash.  I  am  under  the  impression  that,  in  seme  iegm 
the  same  result  follows  when  the  acid  exceeds  the  jetfee 
tion  requisite  to  produce  the  bisulphate.  In  either  cast  di 
water,  which  in  the  absmce  of  some  other  base  is  uidimi 
sable  to  the  existence  of  nitric  acid,  is  not  fun^had  i 
sufficient  quantity.  Himce  the  acid  is  partially 
into  oxyjgen  and  nitrous  acid,  which  latter,  togethor 
the  nitnc  acid,  passes  into  t  i  recdver,  coostitiiAig 
orange-coloured  fuming  liqi  »  mentioned  b^  Bsi 
under  the  name  of  nitros(hnit\  acid*  This  acid,  by 
sure  f o  heat,  disensages  nitrous  acid  gas,  and  hoi 
lourless  nitric  acid.  Nitroso  itric  acid  ignites 
oils,  carbon,  and  phosphorus;  tbe  latter  explosive^*  Iti 
much  more  energetic  in  its  reaction  with  such  snMuMl 
than  pure  nitric  acid,  which,  probably,  when  nitrk  codli  J 
not  present,  requires  for  its  existence  a  larger  ptopcurtili 
of  water.  I  deem  it  probable  that  it  is  with  nitlib  oak 
not  nitrous  or  hyponitrous  acid,  that  nitric  acid  is  coir 
bined  in  nitroso-uitric  acid.  Berzelius  conceivw  tba 
either  view  of  its  composition  may  be  correct. 

Experimental  Illustrations* 

1018.  Reaction  of  nitroso-nitric  acid  with  carbon 

oil  of  turpentine,  exhibited,  also  with  caoutchouc  tar. 

* 

Of  the  Agency  of  Nitric  Oxide  in  generating  Sulphuric  AiU* 

1019.  When  nitric  oxide,  atmospheric  air,  sulphurous  acid,  and  aqueoai 
vapour  are  mingled,  a  crystalline  compound  is  fbrnicd,  which,  if  the  <fi 
ration  be  performed  within  a  glass  vessel,  will  appear  upon  the  ioterior  fM 
face  in  a  'crystalline  deposition,  resembling  hoar  frost.  When  walv  J 
added  to  this  compound,  it  is  resolved  into  sulphuric  acid  and  nitric  ooddi 
The  former  combines  with  the  water,  while  the  latter  escapes  in  the  giMS 
form,  producing  with  oxygen,  if  present,  the  red  fumes  of  nitioust  or  Iml 
nitrous  acid.  It  may  be  inferred  that  hyponitrous  acid,  produced  as  Ulfl 
mentioned,  yields  one  atom  of  oxygen  to  the  sulphurous  add,  conifillsil 
into  sulphuric  acid.    The  acid,  thus  produced,  unites  with  the  nitric  oonl 


NITftOGBN.  193 

ttd  water:  but  on  being  subjected  to  a  larger  portion  of  water,  for  which 
ibs  a  greater  atfinity,  the  nitric  oxide  is  allowed  to  escape.  These  habi- 
W«  of  the  a^^nts  in  question  excite  greater  interest,  on  account  of  their 
J^eocyifl  the  j^^nc ration  uf  sulphuric  acid,  one  of  the  most  valuable  of  the 
truants  which  have  been  placed  within  the  reach  of  the  chemist,  artist 
IDdmanufacturcr. 

Brperimental  lllustrcUion  of  the  Reactions  which  occur  in  the 

Manufacture  of  Sulphuric  Acid. 

KrJf).  Into  a  glass  globe  with  three  tubulures,  insert  through  one  of  them, 
e  btak  of  a  pint  retort,  containing  about  a  pound  of  mercury,  and  as 
Kb  >ulpburic  acid  as  will  cover  it  to  the  depth  of  half  an  inch,  applying 
i».  r.-turt  a  chaulfer  of  coals.  Into  the  other  tubulure,  fasten  the  termi- 
i:ofi  of  a  pipe  proctotiinj^  from  a  self-regulating  rcser>'oir  of  nitric  oxide 
I.  The  third  tubulure  should  be  closed  by  a  glass  stopple.  The  mercury 
;®  ooe  atom  of  oxygen  from  the  sulphuric  acid,  converting  it  into  sul- 
ir^M*  acid  which  enters  the  globe.  As  soon  as  this  appears  to  have  taken 
«,  a  portion  of  the  nitric  oxide  gas  is  allowed  to  enter  from  the  opposite 
c.  Meeting  with  atmospheric  air  within  the  vessel,  the  nitric  oxide  will 
xfaioe  rt^  fumes,  which,  encountering  the  sulphurous  acid,  will  condense 
oacr\btaI!iDe  deposition.  Ocaisionally,  the  stopple  must  be  liAed  to 
tiw  th'r  aooeas  of  fresh  air;  and  the  supply  of  this  and  the  gases  must 
10  Regulated,  that  the  red  fumes  shall  be  repeatedly  produced  and  con- 
BRd.  When  a  deposition  of  crystalline  matter,  sufficiently  striking,  has 
en  produced,  if  water  be  poured  into  the  globe,  the  deposition  will  be 
••"^ily  decomposed  with  an  evolution  of  nitric  oxide.  This  gas,  meeting 
ith  the  01  y  gen  of  the  air,  produces  red  fumes,  which,  by  the  read  mission 
vjlphurous  acid,  arc  iv^nm  condensed  with  it  into  crystals.  These  crys- 
'-.  a*-  bf'ibn\  by  the  addition  of  water,  arr?  decomposed  into  nitric  oxide 
*  -iiJ  -ii!;»hijnV-  aci  1.  Tno  water  in  the  globe,  being  decanted  and  tested, 
j'N  Jivii'iJ  indica .ions  of  the  presences  of  sulphuric  acid. 
I'** I.  Lirt/.riy,  iIk*  prcx^.e.ss  above  descriud,  has  betMi  nrsorted  to  in 
*■  '..ir^«-  ttrjy  in  An-  inanufactun?  of  sulphuric  acid.  In  some  cases  the 
*r/  <xid'j  ha>  lie^n  evolved  by  the  reaction  of  nitric  acid  with  organic 
l^b•u:^>ii  i.if  \  n-ittin;  to  produce  oxalic  acid,  but  in  other  manufactories 
"^  t.frit  ovl.if;  is  Mbiairi'd  froni  nitric  ari<i  by  subjecting  it  to  sulphuric 
nd,  Hb  :i  .-auacs  it  to  Ixj  res^jlved  into  nitrous  or  hyponitrous  acid  fumes 

I'JW,  Wb'ii  nitric  oxide  is  olitf lined  by  the  reaction  of  nitric  acid  with 
*S!>r«jr  n>-jlr»>s<-s,  <»xalir  acid  i>  pnichiccd,  and  tends  to  defray,  partially, 
"■^ir^.nsc  of  tli'*  prn'i 
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Of  ihf  Priires'*  uytiuUij  tmploijctl  in  the  Munuftu    .rt  of  Sulphuric  Jlcid. 

litti  Tii«  riiiiibu»tion  of  4»nn  portion  of  gulphiir,  hikI  the  simultaneous  defla^ra- 
**itii  iii*ri^  of  uiiottier  {Mirt'on,  (the  funics  created  in  both  ways  being  received 
■  Wr|ie  i-hunbf-r  lined  with  li.*ad,  and  cov(;rcd  at  bottom  with  water)  are  the  means 
natt]^  dnpluyi'd  for  the  manufacture  of  sulphurir*  acid.  Kach  atom  of  nitre  con- 
!*<<  aaatoin  of  (K>tiijih  and  an  atom  of  nitric  acid.  Three  out  of  the  five  atoms 
Ujgts  m  ear* h  atom  of  tlx*  arid,  unitir  with  an  atom  of  sulphur,  converting  it  into 
pkiiineaad,  which  combinc}<  with  the  potash.  The  two  remaining  atoms  of  oxy- 
■flBMiitr  with  the  introjon  of  the  ncid,  arc  evolved  as  nitric  oxide,  which,  with 
Mapfiffhc  ozy<rfnf  moisture,  and  the  sulphurous  acid  produced  by  the  burning 
^  r,  fttaerairs  the  crystalline  compound  above  described.  Of  late  years,  the 
I  of  an  adequate  quantity  of  niuiature  haji  been  insured  by  tlio  introduction 
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•1  iimper  iDtemli.  Tbe  CT7*UlliDe  componod,  mbaidtnf  into  tlM  % 
paaid  inlo  ■olpfauiic  >cid,  which  lenuin*  in  •olntion,  and  nitric  oiido. 
oxide,  mpetinr  wilb  fiulber  portioni  of  oijgeo  uid  inlphuroiu  icid,  again  « 
bales  to  the  fotmation  of  the  crTSUllioe  compound,  to  be  again  decompoaed. 
procesa  ia  cootinDcd  nnti]  ihe  irater  in  the  cbamber  becomea  aufficientlj  impnfl 
with  lulphDrie  acid,  when  it  ii  tian>fern:d  to  leaden  boileia.  Id  these  it  is  ca 
Inled  bf  builing,  but  it  ii  remoied  before  it  attains  anfficient  strength  to  atlMl 
lead,  to  a  platinum  alembic,  or  to  glass  retorts,  and  boiled  down  to  the  spsetfie 
Titj  of  1-^  After  it  has  reached  that  densitj.  Do  failher  coDcenlntion  can  t 
fected  b;  hast.    This,  accordiuglj,  is  tbe  alandard  specific  graritj  of  the  su^ 


PntJMttim  of  Smlpiuric  Jdd  fartiur  UluttnUtd. 


1005.  Provide  &  globular  glasa  vessel  with  a  wide  mnuth  filled  to  a  soilable  ci 
and  capable  of  holding  al  feast  eiglil  gallons,  reprcfcnteil  by  the  preceding  Ri 
Through  a  hole  in  the  centre  of  this  plate,  a  gun  barrel,  open  at  both  extremlii 
nude  to  descend.  From  Ihe  lower  eitrcmity,  a  rin^  of  about  two  inchei  in  di 
ter  is  suspended  by  wires,  honked  to  a  perforated  circular  pii'co  cif  sheet  metal.  * 
encircles  and  is  siildered  to  the  bariel.  In  tlte  ring  thus  sus|ictidcd,  i  conical 
turn  of  iron,  having  nn  hemispherical  carily,  \»  bguIgiI.  ho  us  Iu  be  a  liltte  abovi 
water.  Between  ihe  outside  of  the  gun  barrel,  and  the  inside  of  the  brssa  ai 
C.  which  supports  it,  there  is  a  passage  from  th«  pijic,  P,  into  ihc  cavilj  of  the  ( 
This  pipe  communicates  also  with  (he  water  of  a  tumbler,  aupporlod  within  tb( 
glass.  A  lube  leads  fmni  a  suclinn  pump  into  ihin  Tcssel,  which  is  placed  oi 
shelf  of  the  pneumatic  cislcm.  covered  with  waU-t  as  usual. 

III2I'>.  The  apparatus  heini;  Ihus  arranged,  the  niGlallic  plali-.  with  the  gun  b 
rine.  and  fruBluui  appendi'd  In  it,  must  be  renmved  frcuii  thu  |.'l»he.  tlie  iron  fm 
lifted  out  of  thu  riu^,  and  aonie  nitrate  of  pi>Uish  ( uilro)  bein;;  introduced  int 
cavity  in  the  frustum,  it  must  bo  made  iiiuderalelv  red-hot.  It  is  Ihcn  Ui  be  rn 
to  its  seat  in  llio  ring,  below  llic  gun  barrel,  ami  llie  pl.ile  ami  gun  barrel  mi 
returned  to  tlicir  proviouH  pusition  over  the  uioutli  of  Ihe  gUAiv.  su  lliat  tbe  i 
may  bo  situated  as  represented  in  Ihe  engraving.  I,uui|ih  of  liriinstiine,  abai 
■iio  of  peas,  arc  In  be  dro(i{>cd  thmugli  tlie  gun  barrel  inio  the  melled  nitie 
oach  lump  rcHches  Uie  nitre  a  eomhuktion  onsui'H,  e<jually  remarkable  for  beaut 
brilliancy.  The  globe  lliuu  becomea  filled  with  sulphurous  acid  eai,  accomp 
by  nitric  oiido  gas,  and  a  rrystiilhna  dej>nsitiun  ensues.  Meanwhile,  lo  keep 
supply  of  oiygen  within  the  globe,  and  lo  prevent  Iho  csrajio  of  fumes  inl 
aparlmunt,  the  suction  puiiij.  i»  |iul  into  (.]M;ntion,  in  ..rdcr  ti.  draw  the  fames  ■ 
liie  globe,  uul  cauiw  tliem  Iu  be  replaced  by  nir,  which  enters  thiough  the  gui 
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■L  Hm  viter  nan  from  the  cistern  into  the  bell,  until  the  resistance  which  it 
[4n  to  father  elevation,  is  greater  than  that  which  the  water,  in  the  tumbler  on 
wrtud.  opposes  to  the  entrance  of  air  from  the  pipe;  and,  consequently,  the  air  is 
|4nniiMi  tke  globe  through  the  water  in  the  tumbler,  by  which  the  fumes  arising 
■  IbeBBibastion  are  arrested,  especially  if  liquid  ammonia  shall  have  been  pre- 
\^kmh  ■iilt  J  to  the  water. 

Jw-  To  protect  the  globe  from  the  heat  of  the  red-hot  iron  frustum,  a  cylinder  of 
f  Am  bid  is  placed  below  it,  as  represented  in  the  figure. 

Ittl  The  fames  generated  during  this  process,  condense  upon  the  inner  surface 
tf  IW  globe,  into  a  white  crystalUne  compound,  identical  with  that  procured  in  the 
fneea  tbore  described.  By  the  affusion  of  water,  this  crystalline  matter  undergoes 
liKQCDpodtion  like  that  already  described,  (1020,)  giving  out  nitric  oxide,  and  yield- 
^fnipooric  acid  to  the  water. 

COMPOUNDS  OF  NITROGEN  WITH  CHLORINE  AND  IODINE. 

1029.  Neither  chlorine  nor  iodine  combines  directly  with  nitrogen ;  but 
kth  uoitc  with  the  nitrogen  of  ammonia,  under  circumstances  which  I 
ibll  m^ntioD  presently. 

Of  Chloride  of  Nitrogen, 

1030.  This  compound  may  be  obtained  by  placing  a  bell  glass,  filled 
with  chlorine,  over  a  solution  of  one  part  of  nitrate  of  ammonia  in  twelve 
tfwater*  at  the  temperature  of  70°.  The  chloride  appears  in  drops,  which 
nemblc  olive  oil,  and  which,  being  heavier  than  water,  subside  to  the  bot- 
toa  of  the  bann  containing  the  solution.  It  is  remarkable  that  this  sub- 
<inoe  does  aoC  eiplodc  with  many  combustibles,  which  would  appear  niore 
lik^y  to  deeompote  it  than  those  with  which  it  docs  explode.  Thus  it  ex- 
plodes with  tnrpeotine  or  caoutchouc,  but  not  with  camphor. 

1031.  The  force  with  which  a  minute  portion  of  chloride  of  nitrogen  ex- 
I'-.f'^oa  contact  with  oil  of  turpentine,  would  hardly  be  credited  by  those 
*bo  have  not  witnesse<l  thus  phenomenon.  An  open  saucer  of  Canton 
chiin  vas  fractured  by  a  globule  not  larger  than  a  grain  of  mustard  seed. 
Tri»  |jla.s.s  lube  employed  to  project  the  globule  into  the  saucer,  was  violent- 
ly t^ptrsed  in  fragments. 

Cf  Iodide  of  Nitrogen. 

1032.  Wbr;n  iodine  is  kept  in  liquid  ammonia,  it  is  converted  into  a 
brownish-black  sul)stance,  which  is  iodide  of  nitrogen,  and  which  may  be 
«ilkt(»^  and  dricil  on  bibulous  i)apcr  at  a  gentle  heat.  The  iodide  of 
Wogr-n  thus  formed,  evajK)rates  spontaneously.  It  explodes  by  a  slight 
ppiBure,  or  when  heated  nr  mnrh  dried,  l)eing  resf)lved  into  nitrogen  gas 
*nd  iodine. 


ON  SOME  POINTS  OF  CHEMICAL  THEORY. 

IWl,  The  student  has  now  advanced  sufficiently  far  in  practical  know- 
U^fif  the  phf-ncHmena  of  comhuslion,  and  of  the  projK^rties  of  some  acids, 
tonadail  exi^^ient  to  present  to  him  sonic^  general  views  of  combustion, 
ff  and  alkalinity,  and  additional  instniction  on  clastdf  cation  and 
I  am  the  nw)re  inclined  to  this  course,  as,  among  the  coni- 
of  nitrogen,  there  arc  three  acids  an<l  an  alkali. 
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Of  TkeorieB  of  Comhm^m 

1084*  Slahl  guppmed  the  fl»«it<»n«>j  in  all  eQaibQitihh%  of  ft  C0 
iifitiple  of  JnlhimiMibility,  which  he  called  phlogiiCoo,  fnm  fntr 
uanu  He  mfisrred  that  adl  anbetapces,  in  burniiigy  gave  ool  phkf 
lie  ftllacy  of  this  hypoCheiis  is  erideot;  amoe  metab  beeoae  aeafj 
liog  combwlaoii,  obfiously  in  cooaequenoeof  the  afanrptioo  af  osjrga 
the  atmonheie.  By  the  ad?  ocatea  of  the  phlontie  tfaeosy,  nitnfji 
eonibiifided  with  carbonic  acid,  and  carbon  with  hjidiugwii  becaas 
carbon  and  hydiDgen  were  ooooeiTed  to  nnnriir  of  phloglon  neaih 
and  M^gaTL^^bimng  with  them,  wu  .ipiKJdtobenme  pfi 
cated  air,  die  name  then  gif<en  to  nitrogen  gaa»  It  ia  now  weD  km 
with  carboot  coygen  forms  carbonic  acid,  with  hydrogen  water;  m 
nitrogsn  gaa  eontajna  neither  carbon  nor  hydroMu 

1086.  Sulphnricy  and  phosphcNric,  add,  andmetallie ooddai, wm 
rally  supposed  to  be  ingredients  in  the  so^ihor,  phosphonis»  aad  i 
prododi^  them.  Thus  of  two  bodies,  that  which  was  actnaUy  tfe  I 
was  asBimied  to  contain  the  other. 

1086.  The  celebraled  LaToisier,  to  whom  we  are  chiefly  indebledi 
exposure  of  these  fiiUacies  of  the  theorfr  of  phlogiston,  hafinff  asett 
that  oxygen  is  an  incBspensaMe  agent  in  all  ordinary  cases  of  oooAi 
was  erroneously  led  to  infer  that  it  was  in  all  cases  neoesmy  to  th 
cess*  But  it  is  now  wdl  known  that  there  are  many  instaaoes  of  es 
tioo,  in  which  oxygen  has  no  agency. 

1037.  I  would  define  combustion  to  be  a  state  of  intense  eocponl 
action,  acoompanied  by  an  erolution  of  heat  and  li^it. 

1086.  That  increase  or  diminuticm  of  temperature  oonsMpent  toi 
cal  combination,  which  constitutes  combustion  when  productive  of  he 
light,  has  been  ascribed  to  a  mysterious  law,  by  which  bo&s  wai 
change  in  their  capacity  to  hold  caloric  It  has  been  supposed  flat  1 
pacity  of  the  compound  is  in  some  instances  greater,  in  ochen  Ibsb 
the  mean  capacity  of  the  constituents;  and  that  in  the  former  caie  m 
folloi'od  by  an  absorption  of  caloric,  and  of  course  by  cold;  in  die 
by  the  expulsion  of  caloric,  and,  consequently,  the  production  of 
Yet,  when  the  capacities  of  compounds  are  compared  with  those  of  th 
grodients,  the  result  does  not  justify  the  idea  that  the  heat  given  out 
latter  in  combining,  is  produced  by  a  diminution  of  capacity.  At  be 
hypothesis  only  substitutes  one  enigma  for  another;  since  it  does  i 
count  for  the  alleged  change  of  capacity. 

1039.  The  diversity  of  poifi-cr  to  hold  caloric  in  a  latent  state,  tech 
designated  by  the  word  capacity*  is  now  generally  ascribed  to  the  inl 
ing  influence  of  electricity.  It  has  been  shoi^-n*  that,  if  neighbouri 
dies  be  electrified  by  means  either  of  glass  or  resin,  previously  subje 
friction,  they  will  repel  each  other;  but  that  if  one  be  thus  excited  b} 
and  another  by  resin,  attraction  between  them  will  ensue.  Hence 
cilements  are  consideivd  of  an  op|xisite  nature.  It  will  be  recolledc 
acconJinp  to  the  Pranklinian  thei^ry,  the  vitn^xis  excitement  results 
redundancy;  the  resinotis,  from  a  ilolicienoy  of  the  electrical  fluid, 
former  heing  demgnated  as  positive,  the  latter  as  ne8ati\-e  electricity, 
ably  to  tlie  doctrine  of  Diifay,  the  different  electric  excitements  an 
dered  as  the  eflects  of  two  diflerent  fluids,  attractive  of  each  other,  b 

*  Set  my  Treatiw  on  Ststicml  Elcctricitj. 
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jjfellenr.  The  one  has  aocordiDgly  been  called  resinous,  the  other  vitreous 
fiSctricitr*  Yet,  even  by  electricians,  who  suppose  the  existence  of  two 
ihidAt  tfaie  tenns  positive  and  negative  are  employed. 

1044JL  It  has  been  suggested  that  Voltaic  phenomena,  combustion,  acidity, 

■DuiiBity,  and  chemical  allinity,  may  owe  their  existence  to  the  principle 

tj  viiich  ibt.'  ditlcrent  electric  excitements  are  sustained  in  electritied  bodies, 

wdified  in  suinc  inexplicable  manner,  so  as  to  act  between  atoms  uistead 

tfoMaaics.  This  suggestion  derives  strength  from  the  following  Tacts,  which 

bu^D  tully  illustrated  in  my  lectures  on  electricity  and  galvanism* 

ICMl.  The  pole  of  a  Voltaic  series,  terminated  by  the  more  oxidizable 

I,  ha»  been  shown  to  display  a  feeble  electrical  excitement,  of  the  same 

lU  an  that  which  is  producible  by  friction  in  glass ;  while  the  other  polo 

i^ys  the  opposite  excitement,  in  like  manner  producible  in  resin.    From 

RBicrated  experimental  observation  it  is  now  generally  inferred,  that,  of  any 

lio  elementary  atoms,  chemically  combined,  and  simultaneously  exposed, 

totb^  voltaic  current,  one  will  go  to  the  positive,  the  other  to  the  negative 

pale.    Atoms  are  supposed  to  have  electrical  states  the  opposite  of  those  of 

^  poles  at  which  they  may  be  liberated,  and  are  said  to  be  electro-negative 

when  IiIm.' rated  at  the  positive  pole,  or  anode ;  electro-positive  when  liberated 

•ttbe  negative  pjle,  or  cathode.     See  my  Treatise  on  Galvanism,  page  7. 

1<M2.  Substances  which  have  opposite  relations  to  the  Voltaic  poles,  have 

M  affinity  for  each  other,  which  is  usually  stronger  in  proportion  as  the 

ivenity  of  their  electric  habitudes  is  the  more  marked.     Thus,  for  in- 

ttnop,  oxygen,  which  is  pre-eminently  electro-negative,  and  potassium  which 

>  pp>-cmiiieittly  c1ectro-i)ositivc,  have,  under  ordinary  circumstances,  a  pre- 

^Mmoant  aifiaity  for  each  other. 

1U43.  On  aU  sides  it  must  be  admitted  that  between  chemical  reaction, 
Talvanisni.  and  electro-magnetism,  there  is  an  intimate  association  which 
i»r'i.<!  f*/  f xpiaincd  before  the  phenomena  of  chemical  reaction  can  be  well 

1044.  It  has  \jcen  mfntioncnl  that,  of  known  bodies,  oxygen  appears  to  be 
^  i/jurt  clfrtro-ncgahve.  It  is  questionable  whether  the  grade  next  to 
'4yp-n,  m  iIk.-  elect rr>- negative  scal<s  is  to  be  assigned  to  chlorine  or  fluorine. 
\n«T  !b«:'«:  t'^Ahjw  lironiin(%  iodino,  sulphur,  selenium,  and  tellurium. 

l'«4-j.  Amonir  the  metals  we  hav(?  a  series  of  substances,  varying  from 
ll^')*  in  which  tlKi  *'lectro-positiv("  power  is  pn^-cminently  great,  as  in  potas- 
him,  <MJ]um,  lithium,  barium,  calcium,  magnesium,  6^c.,  to  such  metals  as 
fc»-!'«2  riih»v  to  I  ho  *.*lectro-ncgntivc  class,  f  fence,  setting  out  from  the 
•itMiK-  abov«:nKntione<l,  we  may  proceed  through  a  long  range  of  metals 
fc»  xm]  li-sas  «:lwirc)-p*jsitive,  till  we  arrive  at  such  as  produce  elcctro- 
•entivi-  combinations  with  oxygon  or  chlorin*',  or  lx)th.  More  or  l(*ss 
•ilhuiihLs  p  n.d  i  can  ic'ut,  I  think  we  fnid  tin,  mrrcury,  gold,  platinum,  pal  la- 
^wnv,  an;imonv,  arsiiiic,  molvlidf'nuin,  and  l.'istlv  tellurium.  Thus  at  an 
*rrn>fi;.'iv  ;toirr  liPtWiiii  th«;  cxtn*mos  at  whi<!h  oxygon  and  the  alkalifi- 
■fcte  fifVi'?*  an?  plan**!,  tliorc  arf^  substanros  whose  relation  to  the  Voltaic 
^j«-»ii^»iiv<M\il  or  wavcrinff;  and  it  sluuiM  \yc  understof)d  that  this  relation 
iialnys  oiin|«rativ«_s  (Jhlorino  is  elect n»- positive  with  oxygen  and  per- 
^pftAur.nm%  and  electro- negative  with  ev«Ty  other  Ixxly.  Iodine  is  electm- 
potibvevith  «»x\ gen,  chlorine,  bromine,  and  prol>ably  fluorine,  while  with 
<ilher  MbMuicf.'s  it  is  clo(*iro-negative. 

"  fVe  ray  **  Trratiw!  on  Oalvuiiam,  or  Voltiir.  Electricity,  for  Efferlfl  of  CJ alvaiiic 
w  Vififtir  tireoit-.  ■  p^fe  !',».    And  for  Theory  of  the  same.  pni?e  35. 
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IMG.  Substances  of  the  two  opposite  claasasy  in  combining  widi 
otker,  constitote  compounds  which  are  either  electro-posilife  or  eb 
negative,  accordingly  as  the  different  energies  of  their  ingredients  pn 
dmde.  Thus  in  alkalies,  consisting  of  oxygen  united  wnh  the  alkaBI 
metals,  the  electro-positive  influence  predominates ;  while  the  reveiae  ii 
of  acads,  oonslstinff  of  the  same  electro-negative  principle,  oxygen,  in  • 
bination  with  sulfur,  nitrogen,  phosphorus,  carbon,  boron,  silioon, 
nium,  or  other  substances,  which,  in  their  dectrical  habitudes,  lie  bet) 
oxygen  and  those  metals. 

1047.  In  some  cases  we  see  an  electro-negative  or  electio-positivejp 
attached  to  compounds,  which  is  not  equally  display  by  either  or 
constituent  dements  separately.  Cyanogen,  consisting  of  carbon  an 
trogen,  is  a  striking  instance  of  an  electro-negative  compound  thus  eo 
tutra;  and  in  ammonia,  and  the  vegetable  dkalies  lately  disoovewd 
have  instances  of  electro-positive  compounds,  produced  from  principles  < 
paratively  electro-negative. 

1048.  For  any  further  view  of  the  connezicm  between  chemical 
galvanic  reaction,  I  refer  to  my  TreatLse  on  Galvanism,  or  Vobaie  Eli 
city,  especially  to  pages  7, 17,  K» 

Of  At  Jbg^tience  on  CUudJieaAon  and  Nomau^aiure  of  ike  HMfMi 

Chmieal  AgenU  with  ike  VclUne  Scnee* 

1049.  It  would  follow  from  the  statements  made  under  the  last  I 
that  there  should  be  a  resemblance  between  the  properttes  of  snbili 
which  have  a  proximity  to  each  other  in  the  electric  series.  (104S») 
cordingly  we  find,  that  those  which  occupy  the  higher  part  of  theeb 
negative  scale,  have,  by  distin^ished  writers,  especially  in  Great  Br 
been  classed  as  mtpporterM;  while  those  which  are  electro-positive,  or  il 
electro-n^ative,  have  been  by  the  same  authors  chissed  as  caaifcMfi 
Also,  certain  electro-negative  compounds,  formed  of  the  pre^nin 
electro-n^;ative  principles,  have  been  associated  as  acids;  whde other 
pounds,  of  oxygen  at  least,  which  have  the  opposite  polarity,  have 
associated  as  hfuesy  under  some  of  the  subordinate  divisions  of  sUd 
alkaline  earths,  earths  proper,  or  simply  oxides. 

1050.  The  idea  of  a  class  of  supporters  of  combustion,  and  of  oombost 
has  no  better  foundation  than  that  certain  substances  arc  the  most  ir» 
agents  in  combustion.  Thus  hydrogen  will  produce  fire  with  ozygei 
chlorine  only ;  sulphur  with  oxygen,  chlorine,  and  the  metals ;  and 
bon  with  oxygen ;  but  as  either  oxygen  or  chlorine  will  bum  with  a  gi 
variety  of  substances,  they  have  been  called  supporters  ofcombustkio 
the  substances  with  which  they  combine  during  combustion,  oomboit 
Iodine  and  latterly  bromine  have  been  classed  among  the  supporters 
cause  they  combine  with  almost  all  the  bodies  with  which  the  otbei 
ments  classed  under  that  name  unite,  and  in  some  cases  with  an  evol 
of  heat  and  light.  Yet  they  are  not  gaseous  like  oxygen  and  chlorine 
are  as  analogous  to  sulphur  as  to  oxygen.  There  appears  to  me  to 
error  in  taking  either  of  these  substances  into  the  class  of  supporters, 
sulphur  is  excluded,  which,  next  to  oxygen  and  chlorine,  has  the  pro 
of  burning  with  the  greatest  number  of  substances.  In  other  resped 
phur  seems,  in  its  properties,  to  be  intermediate  between  iodine  and 
phorus.  The  habitudes  of  selenium  appear  to  range  between  those  c 
lurium  and  sulphur. 

1051.  Hydrogen,  phosphorus,  carbon,  boron,  and  silicon  arc  no  mo 
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be  odled  ooni)  38»  than  oxygen,  chloiuie,  brominey  and  iodine, 
e  called  aopponen.  It  should  be  observed,  also,  that  these  appella- 
lefideotlj  oonunutable  according  to  circumstances;  since  a  jet  of 
Ered  in  hydrogen,  is  productive  en  a  flame,  similar  to  the  inflanM  jet 
gien  in  osygen*  If  we  breathed  in  an  atmosphere  of  hydrogen, 
fonid  be  ooondered  as  inflammable,  and  of  course  a  combustible, 
which  I  have  adopted  of  classifying  as  basacigen  bodies, 
have  heretofore  been  treated  as  supporters,  with  the  additicm  of 
lenders  it  unnecessary  to  resort  to  the  inoc»xect  divisioii  into 
IS  and  combustibles. 

d  ^  diMingtdMng  Dqprtescf  OxidiMemenif  davaedfram  ihe 

School  of  Lavoisier. 

The  method  which,  in  concurrence  with  Thenard,  I  have  pur- 
iasignMting  in  the  case  of  the  compounds  formed  by  the  basacigen 
nth  radicals,  the  proportion  of  the  former  ingredient  has  been 
756.) 

In  die  case  of  oxacids  another  method  was  adopted  by  the  Lavoi^* 
cfaool,  which,  with  some  modification,  still  endures,  and  which  I 
la  as  it  now  prevails. 

Agreeably  to  the  nomenclature  in  question,  where,  in  consequence 
oa  degrees  of  oxidizement,  substances  form  two  adds,  one  oon- 
i  hngar,  the  other  a  lesser  proportion  of  oxygen,  the  acid,  having 
w  pnpoitioo,  is  distinguished  by  the  name  c£  the  substance  oxy- 
I  aai  a  lennmation  in  ous;  that  contaming  the  larger  proportion  of 
is  4BaignilBd  in  the  same  wa^,  substituting  ie  for  out;  as  sulphur- 
[  aad  stdphBrtc  acid.  That  ingredient  in  an  acid  or  a  base,  which 
clectio-aqttive,  is  called  the  radical.  When  an  acid  is  discovered 
len  oxygea  than  one  with  the  same  radical,  of  which  the  name 
th  otUf  the  word  hypo  is  prefixed.     Hence  the  appellations,  hypo- 

tjyanilpharous.  The  same  mean  of  distinction  is  employed  to 
e  a  degree  of  oxygenation  exceeding  that  designated  by  aii«,  but 
I  that  designated  by  ic.  Hence  the  name  Ajfposulphuric.  If  there 
id  having  still  more  oxygen  than  the  one  of  which  the  name  ends 
e  letters  oxy  are  prefixed. 

.  Adds  of  which  the  names  terminate  in  ous^  have  their  salts  dis« 
ed  by  a  termination  in  itc.  Acids  of  which  the  names  end  in  tc, 
salts  distinguished  by  a  termination  in  ate.  Thus  we  have 
nitrolff,  sulphife^  and  sulpha/ex.  If  the  base  be  in  excess, 
i  mb  is  prefixed,  as  xu^sulphate.  If  the  acid  be  in  excess,  'super  is 
,  as  sMpersulphatc.  The  letters  hi  are  placed  before  the  name  of 
ring  a  doable  proportion  of  «icid ;  hence  carbonate  and  ^carbonate. 

•  xhe  oxide  in  which  the  oxidizement  is  supposed  to  be  at  the 
m  is  called  the  /peroxide.  This  monosyllable,  per,  is  also  used  in 
t  of  acids,  to  signify  the  highest  state  of  oxygenation,  and  has  been 
■hslitutcd  for  oxy  in  the  case  of  perchloric  acid.    Many  chemists  ap- 

yllable  in  question  to  distinguish  a  salt  formed  with  a  perox- 
ihc  red  sulphate  of  iron  has  been  called  the  /lersulphate  of  iron. 

t»  of  the  red  oxide  of  mercury,  the  pemitrate  of  mercury.    Agree- 
similar  rule,  salts  formed  with  protoxides  have  the  word  proto 
has  in  the  inr'-^ncGs  ofpro/onitratc;,  pro^osulphate,  &c. 

•  k  has  alread  been  stated  that  by  the  British  chemists  the  binary 
iis  of  oxyges  chlorine,  bromine,  iodine,  fiuorine,  and  cyanogen, 
rt  add,  are  de        ted  by  the  termination  in  ide. 
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1056.  The  word  oxide  has  been  erroneously  used  as  a  correlative  oTthf 
word  acid}  instead  of  being  used  as  a  generic  name  for  any  coropouodflC 
oxygen,  whether  an  acid  or  base.  I  should  deem  it  preferable  to  apply  ihj 
termination  in  ide,  to  all  compounds  of  the  basacigen  bodies,  whether  adl^ 
bases  or  neutral,  employing  the  words  acid  and  base  as  terminatioDs  to  ON 
dicate  the  subordinate  electro-negative,  and  electro-positive  compounds.  I| 
that  case  oxybase,  chloribase,  Jfuobas€j  bromibasej  iodohaaty 
sulphobase^  telenibasey  telluribcLM€j  would  stand  in  opposition  to 
chloracidy  bromacid^  iodacid,  cyanacid,  sulphacidj  selenacid^  tellt 
(862,  &c.)  Yet  for  convenience,  the  generic  termination  ide  might  be  aid 
without  any  misunderstanding;  and  so  far  the  prevailing  practice  roigh 
remain  unchanged.  Resort  to  either  appellation  would  not,  agreeably  tt 
custom,  be  necessary  in  speaking  of  salts  or  other  compounds  analogou 
to  them ;  since  it  is  deemed  sufficient  to  mention  the  radical,  as  if  the  stl 
consisted  of  an  acid  combined  with  a  radical,  not  an  oxide.  Ordinarily  VI 
say  sulphate  of  lead,  not  sulphate  of  the  oxide  of  lead.  This  last  meationej 
expression  is  resorted  to,  only  where  great  precision  is  desiniblc.  In  sod 
cases,  it  might  be  better  to  say  sulphate  of  the  oxybase  of  lead. 

1059.  The  method  of  indicating  the  proportion  of  oxygen  in  an  oxidai 
by  changing  the  termination  from  ous  to  ic,  has  been  generally  adopiai 
only  in  the  case  of  the  protoxide,  and  bioxide  of  nitrogen,  the  former  bai| 
usually  called  nitrous  oxide,  the  latter  nitric  oxide.  In  the  Berzclian  DO' 
menclature,  this  method  of  discrimination  has  been  extended  to  all  tbecoift 
pounds  formed  with  amphigcn  and  halogen  elements.  Hence  we  baft 
chlorure  mercureux,  and  chlorure  mercuriquc,  for  the  protochloridei  and 
bichloride  of  mercury;  and  again,  oxide  mercureux  and  oxide  mercurique 
for  the  protoxide  and  bioxide  of  the  same  metal  •  These  Berzelian  Damei 
translated  into  English  would  make  niercurious  chloride  and  mercuric 
chloride,  mercurious  oxide  and  mercuric  oxide. 

1060.  It  should  be  understood  that  the  employment  of  the  terminatiofli 
in  cux  and  iquc,  which  in  French  answer  for  ic  and  ous  in  English,  is  ei- 
tended,  by  Berzelius,  to  the  cus<i  of  all  oxides  whether  aci<ls  or  l)ascs.  These 
words  are,  in  my  opinion,  neither  a<jrre(?ai)l(*  to  the  ear,  nor  sufRdently  de- 
finite and  descriplive.  In  the  received  nonicnclatuns  besid<*s  tlic  case  above 
cited  of  the  bioxide  of  nitrogen,  the  only  other  instance,  of  llio  employinenl 
of  the  letters  ic  to  designate  an  oxide,  is  that  of  the  protoxide  of  carboDi 
called  carbonic  oxide. 

Of  the  Origin  of  the  erroneous  Idea  of  a  Ponderable  Acidifying 

Principle, 

10()1.  At  the  period  when  the  rrencli  nun niiclatu re  wis  adopted,  oxv gen 
was  considered  as  the  sole  acidifying  principle^  win.'ncc  its  name  us  already 
stated.  (637.)  Of  course,  every  acid  l>ein;L;  snppos^'d  to  consist  of  oxygci 
in  part,  it  was  enou<rh  to  call  ii  an  a«-id  to  convey  a  cornvt  idea  of  its  com 
position  in  that  n*spect.  But  when,  at  a  sui)s('(juent  pTiod,  it  was  showi 
that  many  acids  wen;  destitute  of  oxygen,  and  that  othrr  substances  wcr 
nearly  as  eflicient  as  oxviien  in  u^ncratinj;  acids  by  a  union  with  acidifiabl 
Ixnli'-s,  it  liecame  necessary  to  ppflx  syllaM«'s  in  order  to  distin'^uish  tl 
acid  comjMjunds  produced  by  one  acidityinir  principle,  from  those  )»roducc 
l)v  otlicrs.  (f^'")(),  s.V'c.)  The  term  aridii\ ini;  princij>I«'  nrij^inat«d  with  ll 
error  ot*  assigning  that  charaett^r  exclusively  to  oxvizrn.  Fn»m  o'»n\ 
nience,  more  than  any  conviction  of  its  propriety,  it  wasallcrwards  usc-d  o 
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lefefL-.j  to  chtorine,  hydioi^eny  and  other  etemeiits  which 
lli  prodooe  acids  by  oombining  with  a  variety  of  substances*     It 
It  sbnous  that  there  is  no  adeQi     3  reason  for  considering  any 
Is  shment  as  an  acidifying  p     apie* 

AAseqiMBdy  to-the  creatii     n  t     word  ozygen,  the  word  radi- 
hai  onfloyed  Id  designate  an  oc  le  substance.    It  has  since  been 

nU  Iv  me  Id  all  aubstanoef  w      i  form  adds  or  bases  irith  the 

L  Cf  Addity. 

j|D63.  Acidity  and  sourness  were  originally  synonymous. 
11  some  of  the  older  chemists,  the  sdvent  power  of  cer- 
■  acid  or  sour  liquids,  was  ascribed  to  the  sharpness  of 
ir  constituent  particles.  To  this  acuteness  in  form,  the 
tmr  of  penetrating  and  severing  the  combinations  of 
Iflr  particles  was  attributed.  With  p^{de  in  general, 
i  wnrds  acid,  and  acidity,  still  retain  their  original  signi- 
atioQ ;  bat  fay  modem  chemists,  substances  are  associa- 
l^as  acids  which  are  destitute  of  sourness,  and  which 
Itxtrandy  discordant  in  their  obvious  properties.  Thus 
I  ha^e  in  the  group  of  acids,  sulphuric  acid  and  flint, 
■i||ar  aad  die  tanning  principle;  also  the  volatile  and 
ionfiuDos  fiqnid  called  prussic  acid,  and  the  unctuous, 
iflohible,  inert,  concrete  material  for  candles,  called  mar- 
uic  acid.  It  migiit  naturally  excite  the  curiosity  of  the 
iroer,  to  know  by  what  common  characteristic  sub- 
loces  so  discordant  bad  been  affiliated.  It  would  be  in- 
md  that  there  should  be  some  test  of  acidity,  by  which 
I  determine  whether  a  new  compound  should  belong  to 
le  dus  of  acids  or  not.  I  am  utterly  ignorant  of  any 
her  common  characteristic,  in  these  otherwise  hete- 
igeneoos  substances,  besides  that  common  preference 
r  the  poles,  or  "  electrodes^^^  of  the  Voltaic  series,  on 
Uch  I  have  founded  my  definition  of  acidity  and  basid- 
f{  coupled  with  the  inference,  mentioned  in  a  note, 
tf  any  compound  capable  of  neutralizing  a  base,  is 
HMd  to  be  an  acid;  and  vice  versa,  any  compound 

Sie  of  neutralizing  an  acid,  is  deemed  to  be  a  base. 
)  To  me  it  is  quite  evident  that  it  is  only  upon  one 
'  Ilia  other  of  these  characteristics,  that  many  organic 
which  are  called  acids,  or  bases,  can  have  any 
to  *^  '''^signated  as  they  are. 
MM*  Amoi  ;  me  characteristics  of  acidity  heretofore 
iei  Qfty  is  tnat  of  reddening  vegetable  blues,    l&y  the 
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fiohiUe  acids,  this  property  is  generally  possessed, 
though  an  aqueous  solution  of  sulphurous  acid  is  said 
whiten  litmus,  the  vegetable  blue  is  generally  employed 
a  test  of  acidity.    But  indigo  is  not  reddened  by  any 
although  by  nitric  acid  it  is  destroyed.    Solubility,  tl 
usually  a  property  of  acids,  is  in  many  cases  wanting^ 
in  those  of  margaric  and  stearic  acid,  and  others  of 
lar  origin.    The  acid  properties  of  silicic,  and  boric, 
are  displayed  at  temperatures  incompatible  with  any  ol 
solubility,  than  that  which  is  effected  by  the  agency 
caloric. 

Cf  Alkalinity. 

1065.  Among  the  metallic  oxides  which,  agreeably  to  thr 
definitions  above  given,  are  considered  as  bases,  tliere  aiif 
a  certain  number  which  are  called  alkalies,  on  account  of 
some  peculiarities  which  I  shall  proceed  to  mention. 

1066.  All  the  alkaUes  have  a  peculiar  taste,  called  alka- 
line.   They  all  produce,  in  certain  vegetable  colours,  cha- 
racteristic changes,  which  differ  according  to  the  matter , 
subjected  to  them,  but  are  not  varied  by  changing  the  alkali. 

1067.  They  restore  colours  changed  by  acids,  and  aie 
capable  of  neutralizing  acidity. 

1068.  Acids  neutralize  alkalies,  and  restore  colours  de* 
stroyed  by  them.  Acids  do  not  usually  combine  with 
acids,  nor  alkalies  with  alkalies,  but  acids  and  alkalies 
unite  energetically  with  each  other. 

1069.  By  the  reaction  of  alkalies  with  oils,  soaps  are 
generated,  which  are  soluble  in  water. 

1070.  Besides  the  alkalies  above  named,  there  are  four 
other  metallic  oxides,  those  of  niagnoj^ium,  barium  and 
strontium  for  instance,  which  have  been  called  earths,  and 
which,  in  different  degrees  of  intensity,  have  all  the  alka- 
line properties  abovementioncd,  excepting  that,  if  not  in- 
soluble, they  have  an  inferior  soIul)ility,  and  that  they  do 
not  form  soluble  soaps. 

1071.  There  are  also  some  vegetable  compounds  which 
possess,  to  a  sufficient  extent,  the  attributes  of  alkalies,  to 
be  classed  among  them. 

1072.  According  to  Bonsdorf,  the  halogen  elements  of 
Ber/elius  produce  bases,  which  in  some  ca.<(^s  display  alka- 
linity, lie  has  noticed  a  change  of  colour,  indicating  an 
alkaline  reaction,  on  litmus  paper,  reddened  previously  by 
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ik  acid,  and  dipped  into  a  solution  of  a  chloride,  either  of 
aikiucit  magnesium,  or  zinc. 

1073.  I  infer  that  acidity,  basidity,  alkahnity,  and  gal- 
ranic  polarity,  are  due  to  some  inscrutable  influence  of  the 
inpODdeiable  cause,  or  causes,  of  heat,  light,  and  electri- 
li^.  To  a  like  influence  I  ascribe  the  sweetness  of  sugar, 
fe  pungency  of  mustard  or  pepper,  and  of  essential  oils, 
ai  well  as  the  endless  variety  of  odour  with  which  these 
Im  mentioned  products  are  endowed.  It  is  evident  that 
h  the  organic  alkalies  and  acids,  alkahnity  and  acidity 
lie  found  to  be  associated  with  combinations  of  pondera- 
Ue  elementary  atoms,  which  exist  in  other  combinations 
without  inducing  alkalinity  or  acidity. 

1074.  It  is  my  intention,  as  introductory  to  the  subject 
of  ammonia,  to  adduce  a  few  experiments  which  illustrate 
the  properties  of  alkalies  in  general. 

ixferimaital  Illustrations  of  the  characteristic  Effects  of  the 
Alkalies  on  certain  Vegetable  Colours. 

1075.  Into  infusions  of  turmeric,  alkanet,  Brazil  wood, 
and  rhubarb,  a  few  drops  of  solutions  of  either  of  the  alka- 
lies being  introduced, — turmeric,  from  a  bright  yellow, 
becomes  brown;  rhubarb,  from  nearly  the  same  yellow, 
becomes  red.  Brazil  wood,  from  a  light  red,  becomes 
violet-red ;  and  alkanet,  from  red,  becomes  blue.  Acids 
being  added,  the  colours  are  restored,  but  by  a  sufl[icient 
quantity  of  alkali  are  changed,  as  in  the  first  instance,  and 
by  acids  again  restored ;  so  that  the  experiment  may  be 
repeated  several  times  with  the  same  infusions. 

UI76.  A  blue  infusion,  obtained  from  red  cabbage,  is 
rendered  green  by  an  alkali.  By  adding  some  acid,  the 
Hue  colour  is  restored;  by  a  further  addition  of  the  acid, 
tbe  infusion  becomes  red.  An  alkali  being  next  intro- 
daeed,  it  becomes  blue,  and  by  a  further  addition  of  alkali, 
the  green  colour  reappears.  By  alternately  using  acids 
and  akalies,  these  changes  may  be  repeated  several  times. 

1077.  TIic  power  of  various  acids  in  reddening  infusions 
dflitDua, shown;  and,  subsequently, the  restoration  of  tlie 
hfaie  colour  by  an  alkaU. 
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COMPOUNDS  OF  NITROGEN  WITH  HYDROGEN. 

Of  Ammonia* 

1078.  As  substances  which  are  analogous  in  their  m 
important  properties,  arc  often  utterly  different  in  th 
composition,  it  is  impossible  to  adopt  any  arrangement 
treating  of  them,  which  may  be  in  both  respects  satisfi 
tory.  The  compound  which  is  the  subject  of  this  artic 
was  naturally  associated  with  the  other  alkaUes,  wh 
their  composition  was  unknown ;  although  now  genera 
ranged  with  the  compounds  of  nitrogen,  whilst  its  fora 
associates  are  placed  among  the  metallic  oxides. 

1079.  This  classification  has  become  the  more  prOT 
as  agreeably  to  the  view  latterly  presented  by  Berzeu 
it  appears  to  be  doubtful,  whether  ammonia  be  an  alki 
fiut  of  this  I  shall  speak  more  fully,  in  treating  of  amn 
nium.  (1106,  &c.) 

1080.  Formerly,  besides  ammonia,  only  two  other  all 
line  substances  were  known,  soda  and  potash,  or  potasi 
These  being  difficult  to  vaporize,  obtained  the  name 
fixed  alkaUes,  while  ammonia  being  naturally  aeriform,  ^ 
called  the  volatile  alkali. 

1081.  A  new  mineral  fixed  alkali   was   discovered 
1817,  and  named  lithia.     It  was  procured  fi'om  a  stc 
called  Petahte.     Hence  its  name  from  the  Greek  xjt 
stony. 

1082.  Preparation  of  Ammonia. — Ammonia  is  obtain 
from  sal-ammoniac,  the  salt  from  which  it  received 
name. 

1083.  To  evolve  this  alkali  in  the  gaseous  state,  eqi 
parts  of  sal-ammoniac  and  quicklime,  both  finely  puh 
rizcd,  are  to  be  heated  gradually  in  a  glass  matrass.  T 
ammonia  is  partially  extricated  by  the  mere  mixture 
the  materials;  but  heat  is  necessary  to  complete  the  o] 
ration. 

1084.  Sal  ammoniac,  according  to  the  opinion  genera 
entertained,  is  a  compound  of  chloroliydric  or  muriatic  a 
and  ammonia.  The  lime  haviiifj  a  greater  affinity  for  i 
acid  than  the  ammonia,  by  simple  atfinity  combines  vi 
it,  and  hberates  the  alkali  as  a  gas,  the  state  which  it  i 
turally  assumes  when  isolated.  A  difibrent  view  of  t 
subject  is  taken  by  Borzelius,  which  will  1m^  explained  wl 
treating  of  ammonium.  (I KM),  II 10.) 
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B5.  WheD  it  is  an  object  to  have  the  eaB  perfectly 
from  hmnidity,  it  is  necessaiy  to  arrest  tEe  process  as 
as  moistnre  begins  to  condense  in  the  neck  of  the  re- 
r;  or  to  inteipose,  between  the  neck,  and  the  reci- 
used  to  receive  the  g^  over  mercury,  a  tube  coD- 
ig  diy  hydrate  of  potash  in  smaJl  fhignients. 

'i^tBrim/oilal  lUustratum  ofihiB  Proetazfor  abtaimng 
Gaseous  Ammonia. 

36.  A  flask*  containing  equal  parts  of  quicklime  and 
nmoniac,  both  well  pulverized  and  thoroughly  inter- 
ledr  is  exposed  to  as  much  heat  as  the  glass  wSl  bear. 
87.  A  bell  glass  is  so  placed  over  the  mercurial  cis- 
ts to  receive  any  gas  which  may  pass  from  the  ori- 
if  a  tube,  luted  at  one  end  into  the  flask  charged  with 
taterials,  and  at  the  other  entering  the  mercury  so  as 
»  under  the  bell.  This  apparatus  is  represented  in 
iAiwingcat. 


168.  Properties  of  Ammmvi. — Ammonia  acts  like  an 
i  iqnn  the  organs  of  taste,  upon  vegetable  colours, 
ii  neutralizing  acidity.  A  very  Bmall  proportion  of 
gu,  diffused  io  the  air,  is  intoleraUe  to  the  eyes  and 
M  of  respiration;  yet  when  extremely  dilute,  the 
irii  agreeably  stimulatiog.  Its  specific  gravity  is 
itt,  ana  100  cubic  inches  weigh  18.38  grams.  It  is 
■flnunable  in  the  air,  yet  inflames  with  chlorine 
liBeoiiBly,  and  wiUi  oxygen,  by  the  aid  of  an  electric 
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spark,  or  galvanic  ignition.  A  candle  flame  is  at  first  ea 
larged  and  aflerwa^  extinguicdied  by  immersion  in  ifai 
gas.  Water  absorbs  it  with  surprising  veloci^,  and  wi 
Sold  from  450  to  670  times  its  bulk.  Ice  melts  in  it  noi 
speedily  than  in  a  fire.  t 

'  1089.  Heat  either  decomposes,  or  volatilizes,  all  amms 
niacal  compounds;  and  eitner  of  the  fixed  alkalies,  or  e 
the  three  more  powerfiil  alkaline  earths,  disengage  ammD 
nia  from^any  ofthe  acids  with  which  it  may  be  combined 
1090.  'Ammonia,  by  refirigeration  alone,  may  be  coa 
densed  into  a  liquid  at  —  40""  F.  By  a  pressure  of  six  at 
mospheres  and  a  half,  Mr.  Faraday  succeeded  in  Uqnd^- 
ing  It  at  the  temperature  of  W  F. 

1091.  The  decomposition  and  analysis  of  ammonia  have  been  MStemfid 
by  ignitioD  with  oxygen  gas*  I  have  often  caused  a  mature  of  it  will 
oxyaen,  to  inflame  Iqr  means  of  a  wire  ignited  by  galvanism.  I  beibteillo 
bo  lumost  impracticable  to  ascertain  the  result  accurately  by  meaaoieBeiii 
on  account  of  the  liability  of  ammonia  to  be  absorbed  by  the  moJUne  d 
the  apparatus,  the  water  produced  by  the  combustion,  and  the  MMUiiy 
employed  to  confine  the  gases. 

109^.  A  spontaneous  and  explosive  o  mbustion  ensues  between  ddoriM 
and  the  hydrogen  of  gaseous  ammo  When  chlorine  is  passed  k  bob* 

bles  through  concentrated  liquid  amro  ia,  a  reaction  takes  pteoewilhtt 
much  noise,  as  apparently  to  endanger  ine  containing  vessel*  This  pvooM 
has  already  been  mentioned  as  one  of  the  means  of  obtaining  mtrogoD. 

1098*  In  its  reaction  with  ammonia  iodine  difiers  from  chlorioai  Wki 
iodine  is  brought  in  contact  with  dry  ammoniacal  gas,  it  forms  a  tUck  biKk 
fluid,  which,  when  saturated  with  ammonia,  becomes  more  liquid.  This 
compound  is  decomposed  by  water  forming  the  iodide  of  nitrogen.  (1032.) 

1094.  With  various  metallic  oxides,  ammonia  forms  explosife  cooh 
pounds;  especially  those  known  as  fulminating  gold,  and  the  most  dan- 
gerous species  of  fulminating  silver.  By  these  appellations,  however,  oChei 
compounds  of  those  metals  aro  designated.  By  some  inexplicable  influeooe, 
probably  electro-chemical,  the  affinities  between  the  oxygen  and  hydrogen 
are  suspended  without  being  destroyed.  Yet  by  slight  causes,  whether  me 
chanical  or  chemical,  the  equilibrium  is  subverted  with  explossivc  viotence. 

Experimental  Illustrations^ 

1095.  Sal-ammoniac  and  quicklime,  being  powdered,  an 
mixed  in  small  glasses,  pungent  fumes  aje  emitted.  Am 
monia  extricated  by  the  process  above  described,  and  col 
lected  in  bell  glasses  over  mercury.  The  introduction  c 
a  few  drops  of  water  causes  the  gas  to  disappear.  Ice,  i 
the  same  way  introduced  is  liquefied,  and  causes  a  like  re 
suit.    Characteristic  changes  efTected  in  the  colour  of  wa 
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or,  tinctiired  by  turmeric,  alkanet,  firazil  wood,  and  rhu- 
nrb. 

1096.  Eyolution  of  gas  shown  by  means  of  potash  and 
in  ammooiacal  salt,  introduced  into  a  glass  vessel  over 
menniry* 

1097.  Exjual  volumes  of  ammonia  and  chlorohydric 
icid,  miied,  and  condensed  into  a  solid,  constituting  sal- 
ttnoniac. 

1098.  Ammonia  inflamed  with  oxygen  gas:  also  with 
cUorine. 

1099.  Synthesis  of  ammonia  by  nitric  oxide  and  hy- 
drogen, heated  with  platina  sponge. 

Cfthe  Composition  of  Ammonia. 

1160.  According  to  Bcrzelius,  ammonia  was  first  ascertained  to  be  a 
CQopound  ofnitrc^en  and  hydrogen,  by  his  celebrated  countryman,  Scheele. 
At  I  later  period,  Berthollet  ascertainoJ  the  ratio  in  which  these  substances 
Knt  in  it,  which  is  by  volume  that  of  three  of  hydrogen  to  one  of  nitrogen, 
oaodenacd  into  two  volumes:  and  by  weight,  3  of  hydrogen  to  14  of  nitro- 
gcD.    See  Table,  page  1 89. 

1101.  The  paitial  decomposition  of  ammonia  may  be  effected  by  subject- 
ii^^it  to  a  succewon  of  electrical  sparks.  E^ch  spark  causes  the  decern- 
pcmition  of  a  portion  of  the  gas ;  but  as  the  process  proceeds,  it  becomes 
more  difficult,  so  that  a  complete  decomposition  is  impracticable.  That 
portico  vhich  is  decomposed,  is  doubled  in  volume;  since  the  three  volumes 
of  hydrogen  and  one  of  nitrogen  occupy,  while  combined,  but  half  of  the 
ipaoe  which  they  would  fdl  if  uncombined. 

U02.  Ammonia,  by  being  made  to  pass  through  tubes  at  a  red  heat,  is 
rewited  into  its  constituents.  This  result  is  promoted  by  the  presence  of 
DKlkliJc  wire.  Any  metal  will  have  more  or  less  effect,  but  iron  is  most 
cflkarkius.  It  appears  from  recent  ex|)erinients  of  Despretz,  that  this  me- 
^.  by  oontinii€,'(I  exfKjsure,  may  be  made  to  take  up  nearly  twelve  per  cent. 
(A'  lis  weight,  becoming  a  niturct  by  the  absorption  of  the  nitrogen  of  the 
Wttnonia.  It  is  suf)[Kjsc(I  that  other  metals,  which,  after  a  like  exposure, 
^bit  no  incn-ase  of  weight,  successively  receive  and  abandon  nitrogen ;  an 
oppratinn  whirli  appears  to  be  singular  and  mysterious.  The  metals  become 
l^ricle  durin^r  this  prrjcoss.  Probably  their  influence  is  in  its  nature  elect ro- 
fWiiral.  In  its  ctfects  it  a|)[)oars  to  be  the  reverse  of  that  by  which  the 
wiionof  the  rbmcnts  of  water  Ls  promoted  by  the  presence  of  some  metals 
•ft  I  tele  of  ininute  division. 

Process  for  obtaining  Water  from  Ammonia. 

1103.  If  instead  of  being  conveyed  into  a  bell  glass  over 
JneiCQijr,  the  gas  bo  receivc^d  in  water  contained  in  a  phial, 
the  water  may  1x5  saturated,  constituting  aqua  ammoniac,  or 
rafer  of  ammonia.  The  saturation  may  be  cflected  in  an 
i|ipanitiis,  similar  to  tliat  represented  in  the  following  cut. 
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1104.  The  absorption  of  ammoniacal  gas  by  water, 
causes  so  much  heat,  tliat  it  is  difficult  to  produce  a  saturated 
solution,  without  assisting  the  refrigeration  by  means  of  ice. 

1105.  Water  saturated  with  ammonia,  wlien  gradually 
cooled  to  the  temperature  of  —  ■10°  F.,  crystaUizes  in  long 
needles  having  a  silky  gloss.  No  doubt  these  crj'stals 
owe  their  existence  to  the  presence  of  water,  which  exists 
in  them  as  water  of  crysUillization.  Water  of  ammoniii 
is  lighter  than  water.  In  combining  with  the  gas.  the 
water  loses  weight  in  pro|»urtion  to  the  degree  of  impreg- 
nation. At  the  maximum,  at  ordinary  tcnijMjru lures,  the 
alkuli  constitutes  about  one-third  of  its  weiglit. 


Of  Ammonium. 

HOC,  k  is  well  known  thai  I);ivv  rcsulvnl  jiolasli  ami  t^jila  s.>vonilli 
inlo  iiielHJs  and  <i.\yf;fii,  liy  oxiHwiii^  llmw.'  iilkalics  tu  [In;  .Ijvilluil  iiillufiR-i' 
of  llic  VulLiic  uiirrcnl.  yub*.i|iii'iuly,  It'rwlius,  iml  Iia\irii;  ill  coiiiiiHUh) 
an  ii|>|inrnliis  sillTicirntly  ]HiwiTtiil,  wl'ini  uiias-iHli'ii,  lu  dllrl  lliis  iloctqniu- 
sition,  QsctTiniiK.ll  ilint,  by  {ilai'in:;  tru'rciiry  in  ix)tiia<'i  uiih  a  iDoisU'iitit 
lixn]  nikali,  nnd  in  crmnnuitipntioii  wiili  tlir  m  s^inivc  |k>I>-,  uhilc  tltc  nlkali 
commiinicalcil  with  llii:  |»isilivi:  |K>Ir,  nn  amalgam  mouM  r^-sult  citlicr  of 
potassium  or  sodimn,  ai-rtmliiif;  en  llir  alkali  ftih|il.)vpd. 

1107.  Tho  n^sulls,  wlicii  nnimorii^  is  siil,>><-i.a  I'o  ill.-  izalvnnir  circuii  in 
coiiliicl  with  iiiurciiry  at  llii'  m-jjiilivr  |kiIis  liaiiiijj  a  iktIIk:!  anakigy.  as 
rcsiK.-cl.s  till'  |>rodiicliciti  of  an  aTnal;iam,  willi  ilinsi'  ulilaincil  liv  (t  similnr 
fAIxjsurc  or  Uic  otltcr  alkalit*,  as  al>uvL'[in.'miuiii.iJj  kil  naluriUly  to  ihe 
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iiikniK'te  that  the  causoss  wcru  analogous;  and  that,  in  tlie  case  in  question, 
no  Icsis  tliao  in  the  others,  a  metal  lie  radical  had  been  deoxidized  and  united 
«ith  llie  mercury.     This  inference  was  rendered  more  plausible  by  the 

•  volution  of  oxygen  at  the  positive  pole  during  the  formation  of  the  amal- 
*puiu  Vet  ammonia  was  known  to  consist  of  hydrogen  and  nitrogen;  and 
t'l  consider  cither  or  both  of  these  as  oxides,  was  inconsistent  with  all  the 
kiioMJed^e  otherwise  obtained  respecting  them.  By  some  chemists,  how- 
f'ViT,  nitrogen  was  conjectured  to  be  the  oxide  of  a  metal,  with  which  this 
aiiuliram  was  supposed  to  be  formed.  For  this  supposed  metal,  the  name 
f'f  nitricum  was  suggested.  Hence  the  contact  of  the  amalgam  with  water 
Has  c(>nc4Mved  to  cause  the  absorption  of  oxygen  by  the  nitricum,  and 
c«jU5tf  piently  the  extrication  of  hydrogen. 

1 10^.  Gay-Lussnc  and  Thenard  explained  the  formation  of  the  amalgam, 
by  :«upi>osing  tlie  absorption  of  ammonia  by  the  mercury,  together  with  a 
(«t>nii>n  «.)f  hydrogen  derived  from  the  simultaneous  decomposition  of  water. 

1  IdlK  IVrzclius  admits  the  fact  of  the  union  of  the  elements  of  ammonia 
uini  h\drugf.'n  with  the  mercury,  in  the  proportions  alleged  by  the  distin- 
::  ii^lioJ  ]»Iiilos(»phers  above  named;  but  conceives  that,  by  the  addition  of 
an  atom  tA^  hydrogen  to  the  ammonia,  this  alkali  is  converted  into  a  metal, 
u  Inch  ho  calls  ammonium.  To  the  union  of  this  metal  with  mercury,  he 
ascribes  the  production  of  the  amalgam;  and  to  a  resolution  of  the  metal 
into  lis  elements,  the  evolution  of  the  ammonia  and  hydrogen.  When  an 
atiiin  of  ammonia  is  presented  to  an  atom  of  water,  he  infers  that  the  hy- 
•Irog^n  of  the  water  converts  it  into  ammonium,  which  is  simultaneously 
nxjfiizcd  by  the  oxygen.  Hence  an  atom  of  ammonia,  when  combined 
viiih  an  atom  of  water,  may  be  considered  as  acting  as  an  oxybase  of  am- 
monium. Wlien  goseuus  ammonia  is  prcsente<I  to  chlorine,  one  portion 
of  it  is  decomposed,  of  which  the  nitrogen  is  libenited,  while  the  hydrogen 
ri  inverts  anotficr  portion  into  ammonium.  This  forms  with  the  chlorine 
:i  chloride  of  ammonium,  and,  accordingly,  by  this  appellation,  sal  ammo- 
niac, or  miiriatr  of  ammonia,  must  bo  designated,  agreeably  to  the  hypo- 
\\v-s'iy.  unii'T  <*oiisid(Tntion. 

111(1.    When    in   the   process   already  given    for   obtaining   ammonia, 

•  ■h.'»ri<!»r  <»r  aiitinoniinn  (sal  ammoniac)  is  mingled  with  the  oxide  of  cal- 
'  ^irn  (liiiir.)  by  double  eloctrive  attraction,  tin?  chlorine  combiners  with  the 
<M!''iinn,  and  ili«*  oxvjirn  witli  one  atom  of  llu^  livdrojion  in  the  ammonium: 

♦iia!  war*  r  and  aniinonia  arc  cvulvcd.     The  latter  assumes  the  gaseous 

III,  u}.il»-  the  water  uuitcs  with  the  chloride,  and  remains  in  union  with 
",  if  ill-    li«  at  \)<:  not  raised  unncccssarilv,  and  continued  too  lon^. 

I  111.  li*  \\«.'  att'*ni[)t  to  decompose  ammonia  without  th(^  assistance  of 
iM'Tc'iry,  it  \  i< Ms  nothing  but  hydrogr-n  an<i  nitrogen;  y(Jt,  to  produce  the 
"iinaliram,  it  i>s  ^iinici<.*nl  that  the  wirr  employed  be  coaled  with  mercury. 
rii"  ;:ln!»ulc  of  mercury  which  is  left  aHer  the  spontaneous  decomposition 
^li.':fi  tin-  iiia>^  >Uhtains,  is  in  volume  surprisingly  minute  comparatively 
^itlitlt»'  aiiialiiam  which  it  contributed  to  form. 

lllv*.  'J'li»-  iiK»st  convenient  mcKlf*  of  obtaininnj  the  nmmoniacal  amal- 
jJiiri,  i>  to  |»l:ir-i-  a  globule  of  the  ninalgiim  of  potassium  in  a  cavity  of  a 
I'i'ri-  of  rhlori<Ie  of  ammonium,  slii^htlv  moistened.  The  globule  soon 
•■iil.ir;:"^ !.,  in.-iny  linK's  its  previous  dimensions,  by  the  absorption  of  the 
uiiin'fiium,  which  ri'Iincjuishes  its  chlorine  to  the  |)otassium. 

1113.  The  .-iinmoniacal  amalinnii,  a^itati'd  in  drv  atmospheric  air,  yields 
livdn^n  and  ainmoniacal  gas.  The  same  gaseous  subsiani'cs  an^  exfri- 
"«ii-*J  fn.iffi  it  when  plunged  into  ether  (»r  naphtha.  'I'lie  ammoniacal 
L*7 
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amalgam  may  be  preserved  for  some  time,  if  surrounded  by  faydrogea,  or 
included  in  a  dry  and  well  closed  bottle.  When  thus  protected,  imd  the 
absence  of  water  is  insured  by  the  presence  of  a  small  proportion  of  po(a»> 
sium,  it  may  be  kept  unchanged  for  several  months. 

1114.  Berzelius  does  not  consider  ammonia  as  capable  of  becoming  a 
baae»  without  first  being  converted  into  ammonium  by  the  acquisitiQQ  cf 
hydrogen*  In  this  state,  without  further  change,  it  can,  like  other  meldi, 
mm  asalt  by  combining  with  any  of  the  halogen  substances.  But  to  oooih 
bins  with  oxacids,  the  ammonium  must,  like  other  metals,  be  oridhwl 
The  presence  of  water  at  once  metallizes  and  oxidises  ammonia*  Ths 
hydrogen  converts  the  ammonia  into  a  melal,  while  the  oxygen  converts 
tluU  OMtal  into  an  oxide. 

1116.  When  gaseous  ammonia  precifHtates,  from  an  aqneoos  solotioD  of 
a  haloid  salt,*  a  metal  in  the  state  of  oxide,  water  is  decomposed,  the  hydro- 
gen converting  the  ammonia  into  the  metal  ammonium,  while  the  oxysen 
converts  the  metal  into  an  oxide.  Meanwhile,  the  ammonium,  conAnung 
with  the  hak)gen  element  of  the  haloki  salt,  takes  the  place  previously  ooco- 
pied  by  the  metal  which  has  been  oxidized. 

1116.  Agreeably  to  the  view,  taken  above^  water,  by  its  codIbcI  widi 
ammonia,  at  once  metallizes  and  oxydixes  it,  since  the  hydrogen  eooveris 
it  into  ammcMilum,  while  the  oxygen,  at  the  same  time,  converts  it  into  an 
oxide,  llius  the  formula  ofammoniaumted  to  water,  would  be  NH*  X  H*; 
but  when  it  is  resolved  into  N  H^  X  0,  an  oxide  of  ammonium. 

1117.  It  must  also  follow,  that  it  is  not  by  ammonia  that  the  put  of  an 
alkali  is  performed  when  entering  the  arena  of  alkaline  reaction;  with  the 
•aid  of  water  a  transformation  tal^  place,  so  that  the  oxide  of  amnwoinm 
is  really  the  ammoniacal  alkali.  Of  course  ammonia  cannot,  ooniMteotly 
with  this  explanation,  be  considerod  as  an  alkaline  gas. 

1118.  I  deem  it  expedient  to  adopt  the  Berzelian  doctrine,  as  it  is  neces- 
sary to  the  symmetry  of  our  classification  both  as  respects  acids,  bases,  and 
chlorides.  To  consider  ammonia,  per  se,  as  forming  saltis  with^oxacids,  or 
with  the  halogen  bodies,  would  involve  an  anomalous  deformity,  as  in  all 
other  cases  of  the  union  of  inorganic  acids  and  bases,  the  same  basacigcn 
ingredient  exists  both  in  the  acid  and  the  base. 

Experimental  Illustrations. 

1119.  In  a  cavity,  made  in  a  bit  of  muriate  of  ammonia, 
in  communication  with  one  of  the  poles  of  the  Voltaic 
pile,  a  moistened  globule  of  mercury  is  supi)orted.  The 
mercury  is  made  to  communicate  ^  ith  tlie  other  pole.  The 
metal  swells  rapidly,  and  assumes  all  the  characteristics  of 
an  amalgam. 

1120.  An  amalgam  of  potassium,  being  introduced  into 
a  cavity  in  a  piece  of  sal  ammoniac,  is  rapidly  converted 
into  the  ammoniacal  amalgam,  with  a  prodigious  enlarge- 
ment in  bulk. 

*  A  nit  formod  by  a  haJo^n  olomeiit.  (G36.) 
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SECTION  III. 

OF   PHOSPHORUS. 

1121.  Preparation. — Phosphorus  is  obtained  ftom  the 
phosphate  oi  soda  in  urine,  or  the  phosphate  of  lime  in 
tN)nes«  Impure  phosphoric  acid  may  be  extricated  from  the 
earth  of  bones,  by  the  stronger  affinity  of  sulphuric  acid. 
As,  at  a  high  temperature,  charcoal  takes  oxygen  from 
phosphorus,  the  phosphoric  acid  is  decomposed  by  ignition 
with  it  in  a  retort,  the  beak  of  which  is  so  introduced  into 
water,  as  to  have  the  orifice  a  little  below  the  surface. 
Phos[^onis  distils  into  the  water,  and  condenses  in  tears. 

1122.  Agreeably  to  another  process,  the  phosphate  of 
soda,  which  may  be  procured  at  the  shops,  is  decomposed 
by  nitrate  of  lead,  by  complex  affinity.  The  phospnorus 
is  separated  from  the  resulting  phosphate  of  lead,  by 
distillation  with  charcoal,  as  in  the  process  above  men- 
tioned. 

1123.  Properties. — Phosphorus  is  often  of  a  light  flesh 
colour,  but  when  pure  is  colourless  and  translucent.  It  is 
rather  harder  than  wax,  but  is  more  easily  divided  by  a 
knife.  Phosphorus  melts  at  108°,  and  inflames  at  148°. 
At  550''  it  boils,  and  may  be  purified  by  distillation  from  a 
retort  filled  with  hydrogen  gas,  receiving  the  product  under 
water.  Phosphorus  is  insipid  and  probably  inodorous;  but, 
in  consequence  of  its  oxidizement,  it  emits  a  feeble  alliaceous 
odour  of  phosphorus,  or  hypophosphoric  acid.  When  pure 
it  is  flexible,  but  the  presence  of  l-600th  of  sulphur  renders 
it  brittle.  Its  specific  gravity  is  1.77.  Subjected  to  the  rays 
of  the  sun,  it  acquires  a  red  colour.  If  heated  to  155°  and 
suddenly  cooled,  it  becomes  black.  Thenard,  however, 
states  that  this  change  cannot  be  eflected  in  phosphorus 
which  has  not  been  repeatedly  distilled.  He  suggests  it  as 
possible,  that  the  colour  of  phosphorus,  when  pure,  is  black; 
and  that  the  colour  which  it  usually  assumes,  may  be  due 
to  the  presence  of  hydrogen,  which  has  been  long  known 
to  be  evolved,  when  phosphorus,  in  the  usual  state,  is  fused 
and  subjected  to  the  Voltaic  current. 

1 124.  Exposed  to  the  air  at  ordinary  temperatures,  phos- 
phorus combines  slowly  with  oxygen,  appearing  luminous 
m  the  dark,  but  without  any  sensible  evolution  of  heat. 
Less  heat  is  requisite  to  cause' the  inflammation  of  phos- 
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lAonis  in  ntmospheric  air  than  in  oxygen ;  and  less  als 
IS  necessary  in  this  last  mentioned  gas,  in  proportion  a 
the  pressure  is  reduced.  When  spnnkled  with  powdere 
sulcmur,  carbon,  fluoride  of  calcium,  carbonate  of  linn 
ana  various  other  bodies,  and  placed  in  a  receiver  froi 
which  the  air  is  subsequently  exhausted,  phosphorus  ii 
flames.  Professor  Alexander  D.  Bache,  who  nas  muc 
enlarged  the  list  of  substances  capable  of  producin 
this  result,  has  succeeded  in  inflaming  phosf^orus  in  a 
exhausted  receiver  by  enveloping  it  in  muslin,  or  in  pape 
pierced  with  small  holes.  He  conceives  that,  with  the  ex 
ception  of  bodies  exercising  a  chemical  aflinity,  as  in  tb 
instance  of  sulphur,  the  substances  associated  with  tb 
phosphorus  act  mechanically,  and  have  upon  it  no  otbe 
efiect  than  that  of  promoting  its  union  with  the  oxygei 
remaining  in  the  receiver.  This  opinion  is  corroboratec 
by  the  fact  that  the  removal  of  the  air  may  be  too  rapid,  oi 
too  complete,  to  produce  the  inflammation. 

1125.  Phosphorus  may  be  crystallized  from  its  sobtioii 
in  boiling  napntha,  by  ^dual  refrigeration.  Like  sulphur 
phosphorus,  m  volatilizmg,  produces  a  feeble  light,  without 
entering  into  any  chemical  combination.  Water  in  whicl 
f^osphorus  has  been  kept,  oxygen  being  excluded,  acquire) 
the  power  of  shining  when  agitated.  The  admission  of  ai) 
destroys  this  phosphorescent  property.  Phosphorus  h 
oxidized  by  the  action  of  nitric  or  nitrosonitric  acid,  and 
converted  into  phosphoric  acid. 

Experimental  lUtistraiions  of  tlw  Properties  of  Phosphorus 

1126.  Phosphorus  exhibited,  and  inflamed  by  friction  o 
a  gentle  heat.  Luminous  appearance  in  th(^  dark.  Com 
bustion  in  oxygen,  (654,)  in  nitrous,  and  nitric  oxide,  unde 
hot  water  by  a  jet  of  oxygen,  and  by  nitrosonitric  acid 
(1131.) 

1127.  Anomalous  combustion  of  phosphorus  consequen 
to  rarefaction. 

CambustioH  of  Pkotphems  in  Nitric  Oiide. 

1128.  Tho  backwardness  of  the  gaseous  oxides  of  nitrogen  to  part  with  their  or 
gen  to  substances,  under  cimuinstancos  in  which  it  would  be  readily  yielded  b?  a 
iDOSpheric  air,  has  been  already  mentioned,  and  a  method  of  illustrating  it  has  bee 
described.  (9G9.)  The  opposite  engravin|^  represents  an  ap|»aratus,  which  maj  i 
used  to  extend  the  illustration  to  nitric  oxide,  which,  producini;  a  com>i«ive  fomt 
nitrous  acid  by  admixture  with  oxygen,  cannot  be  employed  in  afiparatus  requirii 
the  aid  of  an  air-pump,  without  corrodin);  tho  metal  of  which  such  instrumrntf  a 
partially  ronftituted.    The  apparatus  in  question  '\h  nearly  the  same  as  that  used  < 


OMihiifioii  «f  Pko^kona  in  Nitrie  Oxuk. 


pBoaraoam.  313 

wfwillM  of  ntngen  ftmn  ataMMphetie  air.  IImi*  ue,  bowerer,  in  thU,  two 
Mol  tabas;  sad  ue  Ml  Ma^nyed  ia  withoat  anj  eap  or  eock.  The  cock  at 
>  wkkk  a  nm  alMtk  ba|,  auppliad  with  <U7ecn  gaa,  ia  atlaalwd,  eomnaDBicataa 
a  pipe,  wUch  daaeeoda  cloaa  along  tha  inner  latenl  aniftM  «f  tha  eylindiioal  ' 
tr  TfanI  till  it  taache*  the  bottom,  then  benda  at  right  tnglei,  and  proceada 
[tka  bottom  of  thaveaael  till  it  raaobaa  tha  copper  ^pe  In  tlwaxii  of  thoTeaaal. 
it  benda  at  right  anilea  opwarda,  and  aaeenda  vertieallj  in  cloaa  oontaet  with 
ape,  tin  it  roaehaa  the  copper  cap^f,  b^  which  tba  pipe  ia  Mmwunted.  It  ia 
•o  rMorred  aa  lo  overbaiig  and  dinot  ila  orifice,  t,  downward*,  into  the  oari^ 
I  copper  cap. 

9.  Another  tube,  M,  oneeeda  ticta  ita  jonotion  with  a  aorMr  and  ooek,  C,  on 
Iher  tide  of  the  *eanl,  and  deicanda  to  the  bottoo),  rinog  again,  Kka  the  tube 
'mentioned,  aJong  the  central  {upe,  till  it  reaehea  aomewhat  abore  the  brim  of 
Dp,  where  it  lermiDatet  wilhoat  ■  enmlnre.  After  the  proper  qnaotit/  of 
iboraa  haa  been  placed  id  the  oop,  the  atmoapheric  air  mkj  be  allowed  to  ea- 
frnm  the  bell  glaa*  throngh  the  cock,  C,  bv  ainking  it  into  the  water,  with 
h  the  Teaael  miut  bare  been  filled  nearly  to  tbe  brim.  The  tb  being  expelled, 
I  cmnmanicatjon  made  with  a  aelf-regulatinff  reaerroir  of  nitrie  oxide,  bj  mean* 
1  Saiibleleadenttibeattacbedta  the  coek  lor  that  pnrpoae,tlw  balling  b«  inp- 
with  a  ^aantity  of  thia  gaa,  mffieiant  to  ocanpy  about  two4Urda  of  ili  Mpad^. 
rock  being  then  eloead,  and  the  eommnnication  with  the  leearroir  intarn^ited, 
-bat  iron  Dinal  be  introduced  throogh  the  bore  of  the  eaatml  ]Hpe,  f,  till  it 
■a  the  cnp.  For  thia  parpoae,  it  ia  of  courae  neceaaair  that  the  apparataa 
d  be  apon  a  table  with  a  aiutable  apertore,  and  of  a  height  aoffioiant  to  allow 
«i  to  enter  the  orifice  of  thapipe,;). 

D.  Althoogh  bj  the  beat  of  the  ineandeacenl  iron,  the  pba 
,  no  eoobnatiim  will  aoaoe,  until,  by  ow"'"-  -  -—"""■"!—•!"- 
t  bag,  a  amatl  qoantily  of  oxygen  ia  alio 

iued  Id  take  pwe,  than  a  ntoat^rilUant  ana  auDoat  ezpMHTW  aroranan  m  neat 
ight  ananea.    A  higher  temperature  ie  reqniate  to  iguta  phoi^tdfiia  in  nittio 

BtBdum  tif  Pkotjdumu  teiti  JKfroao-intpte  JieU. 

Il3l.  If  into  a  tall  tnbe  of  ahoot  an  inch  and  a 
half  in  diameter,  and  fifteen  inchee  in  heMit, 
some  atrong  nitric  acid  be  introduced,  and  abont 
live  graiui  of  phoapfaoma,  a  reaction  will  eiwne, 
which  ia  invariably  energetic,  and  w 


ploaive.  The  phoaphoraa  abitracting  oijrgen,  t 
acid  ia  conrertcd  into  nitric  oxide  gaa  andnitrona 
acid  vapour,  which  are  copioualy  eTolred,  ao  aa 
to  fill  ihe  upper  port  of  the  tube,  and  overflow  it 
with  a  beautiful  red  fame.  Meanwhile,  vivid 
IliuhcB  ariie  from  the  oxygenation  of  the  pbos. 
pliorus,  and  piecea  of  it  are  occaaioDiilIr  thrown 
up  into  the  gaa  in  the  tube,  where  a  vivid  com- 
bustion enanea  between  the  phoapbortia,  and  the 
nxygcn  of  Ihe  nitric  oxide  gaa  oridtrona  acid. 

iV.SL  The  reudual  nitric  acid  will  be  foond  in- 
torming'ted  with  plioaphoric  acid. 

IIIEI.  Latterly,  in  performing  thia  experiment, 
1  have  lurrounded  the  tub*  with  a  very  atont 
glam  cylinder,  and  another  of  wire  gauie;  as 
upon  ono  occasion  a  violeal  exploaioo  took  place, 
which  did  much  damage  to  my  apparatiu.  If  the 
phosphoma  be  radnoed  into  imail  Ir^Fnienta,  the 
riak  of  an  eiploeion  ia  increaaed.  Heating  the 
acid,  before  tlie  addition  of  tho  phoapboma,  en- 
anrea  an  explosive  reactloiL 

.^pp/icntuna  ijf  Photpkana  to  Eudiomitri/. 
IM.  Om  of  the  moat  simple  modes  of  aacortsiniiig  the  quantity  of  oxygen  in  the 
■to  iMmduce  into  a  gradiutad  tube,  standing  over  water,  and  containing  100 

■  _   _  _.-_t  _!■  _L__i ^  ■■- a  wire.    The  phMphoms  ^wly 

oxygen,  condenses  with  it,  and 
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CMMMKMRMpeBdiiifalaoiptioD  of  thawmtoi.  Whm,  bf  Umm  hmim,  ll 
«B  M  ul  nmorad,  Iha  qoantitj  of  nitrageo  renMioJiiE  will  be  kMwn  bv  l» 
tka  iradiKtiMi.  Thsdibnaos  batwosn  thuqtuntttrandlOO,  Uw  nwnbwi 
NiM  takan,  ia  tha  qnuiti^  «(  mcjgao  pnwnL 

1136.  IfacylindsTof pIiMplionubaaapporli 
a  irira  (a*  Tepraamited  in  tba  uljinni^  cvU  i 
glui  matnui,  inTarted  inaju  of  water, Umi 
oT  the  included  air  wilt  be  yndoally  Mbaoiba 
Older  to  datannine  the  quuitilj  of  onnn  ia  I 
we  have  onlj  to  aacertuD  the  ratio  of  the  qsc 
ni  abaorbad,  to  Iha  whole  qnantitv  of  ail  iadi 
the  matrui  at  tba  oommencement  of  the  imea 


1136.  Thii  object  may  be  attained  hj  weigh 
matrua  whan  foU  of  water,  and  whan  oontaiai 
portion  oolj  which  riaea  into  it  in  conaeqaenei 
tbaontioD.  Ai  the  wrigbt  in  the  fiiat  eaaa  li 
weight  in  the  laat,  deducting  the  weight  i^  Ik 
In  both  caaaa,  BO  will  100  be  to  the  nnmberof  | 
lOD  of  atmoaphBric  air,  which  coariat  ofoiji 

1137.  Again,  the  cootanU  of  tba  vewel  Bay 
Gorared  bj  the  ilidins-rod  gai  maaaor*,  (93Gj : 
abaorption  meaaared  bj  introducing  ftmn  tba  • 
atnnwnt,  >•  moch  air  aa  will  comMiwnla  iL 
whole  oontant  to  the  qnantitj  whlcA  compMH 
abeMptioD,  to  ta  100  to  the  qiumtitj  of  axj|M 
parta  of  the  atmoaphere. 

1138.  irihe  neok  of  a  reaael  of  thii  kind  M 
one.foorth  aa  much  aa  the  balb, — bj  graduiti 
neck,  ao  that  each  diviiioD  will  tcpraaent  a  In 

part  of  tlw  wbala  oapad^,  the  reatut  a»j  be  known  bj  inapecl' 
1139.  EudiMMtrical  iiiiii  iiwin  b*  the  alow  combnation  n  ph 


[Hill  II win  b*  the  ilow  combnation  n  phoapboma  am  1 
Dj  oajB  Ht  Mnnplete  them,  and  conaec^DeDtlj  the  aid  of  bamiaair 
aaawtain  aoid  aUow  for  anj  interraning  changei  io  ataaoifhwi 


nitine  the  rMilaal  | 
1141.  The  adioa  oT  the  pboaphonia  may  be  accelerated  by  heal;  but  in  tb 

the  oparatioD  mnat  be  perfbrmea  over  mercury ;  ind  tho  miiii|>ulaUaii  will  b« 

tronbleaamo  and  preoarioiie. 

IMS.  Ihave  never  in  thii  way,  obi 

formi^,  to  thoae  procured  by  the  hydi 

Volumacapt  for  the  ^nalyiii  of  Atmotphtrie  Air  b<j  Phetphont. 
1143.  A  voluiaeMope  baa  been  deacribed,  (dl8.)  for  Bhowinfr  the  dimint 
butk  in  five  Toluma*  of  atmoapheric  air,  coiuciuant  to  the  admixture  of  nitrit 
The  ume  apparaliu  may,  with  aome  modilicalinn,  be  ein])lnjeit  Ici  iihow  the  i 
tion  of  volume  reiulting  from  the  conibuslion  of  phoHphoru*.  I'liia  object  ia  < 
by  aaaociating  with  (be  valumeicope,  Ibo  apparalim  caipl'iyeil  li>r  the  conibia 
phoaphoraa  in  oxyiran.  (K-A.)  For  IhiH  nurpuse,  tlio  ToluiiicHrn]io,  inatead  o 
■ituated  over  tho  pneumalic  ciatern,  should  be  jilarcd  in  a  aiiiall  tiib,  into  the 
of  which  i*  inaerlad  a  tulie,  aupportinjf,  at  (lie  ii]>[H!r  citremity,  (lie  cup  for  Ih 
phiiru*.  The  phoiplioriia  being  placed  in  (ho  cup,  and  water  in  the  tub,  thi 
11  raiaed  by  an  air-pump,  until  no  more  tlian  Hvo  volumes  nt'.iir  remain  in  thi 
der.  The  phoepboraa  la  then  i^itcd  by  means  of  a  nd-hot  iron,  and  (be 
conducted  aa  already  deacribed,  (9!U.)  Aa  soon  as  (lio  expansion  reaulUng  fi 
u...  .f.i 1...-. j[  ^iii  iip  „jn  ,!,„,  J  |i,ti,  n,n,o  tlion  one  Tolu 


COMPOUNDS  OF  PHOSPHORUS  WITH  OXVOKN. 
1144.  These  compounds  are  four  in  nunilicr;  ono  c 
oxide  t^ phosphorust  and  three  acid;5,  hypophospkorous. 
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pkorous,  and  phosphoric  acid.     Their  composition  is  as 
follows: — 

Three  atoms  of  C  with   one   atom   of  oxygen,   equivalent 
phosphorus,     <      8,  form  oxide  of  phosphorus,  equiva- 
equiYalent  48,  f      lent  56. 

\  with  one  atom  of  oxygen,  equivalent  8, 
form   hypophosphorous  acid,  equiva- 
lent 40. 
Two  atoms  of    with  three  atoms  of  oxygen,  equivalent 
phosphorus,     <      24,  form  phosphorous   acid,   equiva- 
equivalent  32,  lent  56. 

with  five  atoms  of  oxygen,  equivalent 
40,  form  phosphoric  acid,  equivalent 
72. 

Of  Oxide  of  Phosphorus. 

1145.  When  phosphorus,  melted  under  hot  water,  is  subjected  to  a  jet 
of  oxygen  from  a  tube  with  a  capillary  orifice,  oxide  of  phosphorus  and 
phosphoric  acid  are  produced.     The  acid  dissolves,  and  the  oxide,  being 
at  first  suspended  in  the  water,  subsides  subsequently  in  red  flakes.     This 
oxide  is  insipid  and  inodorous.     It  is  not  luminous  in  the  dark,  even  when 
rubbed.     At  a  heat  a  little  below  redness  in  close  vessels,  it  is  decomposed 
into  phosphoric  acid  and  phosphorus.     If  the  air  be  admitted,  phosphoric 
.'icid  is  \he  sole  product.    The  oxide  of  phosphorus  takes  fire  spontaneously 
in  chlorine,  producing  the  perchloride  of  phosphorus  and  phosphoric  acid. 
it  is  inflamed  by  the  action  of  nitric  acid.     With  chlorate  of  potash  it  ex- 
plodes violently;  also  with  nitrate  of  potash  previously  warmed.     The 
white  matter  with  which  phosphorus  becomes  coated  when  kept  in  water, 
and  which  is  generally  supposed  to  be  a  hydrate  of  the  oxide,  is  stated  by 
Thcoard  to  be  a  hydrate  ot phosphorus. 

Production  of  Oxide  of  Phosphorus  experimentally  illustrated. 

1146.  Production  of  oxide  of  phosphorus,  by  the  reaction  of  oxygen  with 
thai  subslaucc,  while  in  fusion  under  hot  water. 

Of  Hypophosphorous  Acid. 

1147.  This  acid  is  obtained  by  |)rccipitating  the  baryta  from  an  aqueous 
wlution  of  li\  i»ophosphate  of  that  base.  The  acid  remaining  in  solution, 
^ay  be  so  concentrated  l)y  evaporation  as  to  become  a  vivid  liquid,  highly 
acid,  and  oven  cr}\stallizable.  It  is  an  energetic  deoxidizing  agent,  and 
tormg  Dumcrous  salts,  all  of  which  are  soluble  in  water,  whereas  several  of 
ihe  phosphates  are  insoluble. 

Of  Phosphorous  Acid. 

1148.  This  acid  has  been  generally  considered  as  the  product  of  the 
slow  combustion  of  phosphorus  with  atmospheric  oxygen;  but  Thenard 
aiicges  that  thii>  product  is  a  peculiar  acid,  intermediate  in  its  degree  of 
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oiidation  between  pfatoaphorous  and  phosphorie  «cid,  and  to  which  h» 
given  the  name  of  kppopkotpkorie  acid.  Phofphorous  acid  may  be.  m^. 
cured  by  passine  vaporized  phosphorus  over  corrosive  sublimate  beatHTii' 
a  tube.  Chloride  dt  phosphorus  results,  which,  hv  reactioo  with  wMi|^' 
produces  chlorobvdric  and  phosphorous  acids.  The  chkttohydric  mH 
being  more  volatile,  may  be  expelled  by  Imt 

1149.  Phosphorous  acid  is  a  colourless,  inodorous,  crystalline  suihstUHlk 
possessing  a  pungent  taste,  and  reddening  litmus  paper.  like  hypopfco^ 
phorous  add,  it  possesses  powerful  deoxidizing  properties. 

()f  Phosphoric  Add. 

1150.  Preparation. — ^Phosphoric  acid  may  be  obHiiied 
by  adding  sulphuric  acid  to  phosphate  of  baryta  suBpended 
in  water.  The  sulphuric  acid  unites  with  the  baijta, 
forming  an  insoluble  salt,  which  precipitates  while  dw 
phosphoric  acid  remains  in  solution.  When  phoqibonis 
IS  gradually  added  to  nitric  acid,  phosphoric  acid  ia  gene- 
rated, and  remains  mingled  with  the  residual  nitric  acid. 

1151.  Properties. — ^I%osidioric  acid  is  an  inodoroufli  cxh 
lourless,  viscid  liquid,  possessing  in  a  high  degree  the  pio* 
perty  of  reddening  litmus.  It  cannot  be  obtamed  in  a  itate 
of  liquidity  free  from  water.  When  exposed  to  a  red  heat 
and  afterwards  cooled,  it  forms  a  transparent  brittle  glass. 
This  fusion  should  be  elected  in  a  platinum  crucSile ;  since 
phosphoric  acid,  when  heated  to  redness,  attacks  eitfaef* 
glass  or  porcelain.  The  acid,  if  examined  after  this  ex- 
posure to  heat,  is  found,  although  its  composition  remains 
the  same,  to  have  acquired  new  properties.  On  this  ac- 
count, the  name  of  paraphosphoric  has  been  given  to  it ; 
while  the  term  phosphoric  is  applied  to  designate  the  acid 
in  the  state  first  described.  Nitrate  of  silver  yields  with 
phosphoric  acid  a  yellow  precipitate ;  with  paraphosphoric 
acid  a  white  one.  Albumen  is  coagulated  by  tlie  latter, 
but  not  by  the  former. 

1152.  Solid  paraphosphoric  acid,  when  exposed  to  the 
air,  deliquesces,  and  is  in  a  few  days  converted  into  phos- 

E boric  acid.  The  same  change  is  produced  in  a  short  time 
y  boiling  water.  The  solid  white  flakes  which  are  ob- 
tained during  tlie  quick  combustion  of  phosphorus  with 
oxygen,  consist  of  [mraphosphoric  acid*  It  may  likewise 
be  produced  by  fusing  tne  biphosphate  of  soda,  which  by 
these  means  is  converted  into  a  paraphosphato.  Mr. 
Gmham,  who  has  nuuie  a  number  of  interesting  experi- 
nicnts  on  this  subject,  states  that  the  acid  which  is  con* 
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of  is  a  third  species  of 

ti  coi  in  compositioii  with  tl^ 

but  ^  TO  this  species  he  has  given 

the  Bttne  oi  w/npnospM. 
1153.  To  bodies  which 
cortamiitt  the  same  n 
Mnt8,aM  baTing  the 
mme  has  been  applied.  J 
and  pyrcqphosphonc  acic 

1154.  b  !■■  beea  abowD,  (969,)  thtt  phospboniB  bunii  spontBDeoinly 
ii  eUoffise.  If  the  ddorine  be  in  ezoeM,  the  pefchlorideie  fiMrmed;  if  the 
fhnphorne  be  in  enoeei,  tlie  seequichloride  is  obtained.  The  jeejpiidUo- 
fUe  k  a  tnoiimrait,  ooloiirleesy  iuming,  inflammable  liquid,  heavier  than 
valei^  nod  having  a  ^agreeable  smell.  When  brought  into  contact  with 
water,  a  fecqwocal  deoomposit:  »  takes  place,  and  chlorohTdric  and  phos- 
phoraos  add  are  produced,  'x^  penidoride  m  a  white,  crystalline,  in^ 
fliwmable  hodr,  which  is  converted  into  vapour  at  a  temperature  much 
below  313l^«  R  ftrms  a  neutral  compound  with  ammoma,  and  its  vmur 
is  alleged  to  redden  dry  litmi  paper*  Ifence,  by  some  chemists,  it  is 
coaMned  as  an  aeid.  l  dout  wh^her  litmus  paper  is  ever  reddened  bv 
an  add,  unaided  by  water,  i  he  perchloride  and  water  deconmcse  eadh 
oter,  feiming  phoapioric  and  chlorobydric  acid.  The  chlorine  bean  the 
aaflSB  ratio  to  ttefnosphoros  in  these  chlorides,  as  the  ozygen  bean  to  the 
pbospboms  in  phSiih^^       phosphoric^-  ^^ 


Of  Ae  BramideM  and  Iodides  if  Pkosj^orw. 

1155.  The  Msqmhromide  is  a  yellow  fuming  liquid;  the  perhrcmUky  a 
crystalline  volatiie  solid.  In  their  reacti(»i  with  water  and  composition, 
tliey  agree  with  the  cHlorides  of  phosphorus.  Iodine  appean  to  combine 
with  phosphorus  in  almost  every  proportion.  There  are,  however,  at  least 
two  definite  oomkHnations,  which  correspond  in  composition  with  the  chlo- 
rides and  bromides. 

€ftke  Sulphides  and  8eUmde$  of  Phosphorus^  commanlif  eaUed  SidpkU" 

rets  and  Selerdurets. 

1156.  When  phosphorus  is  melted  with  sulphur,  or  when  sprinkled  with 
k,  and  placed  in  a  receiver  from  which  the  air  is  subsequently  withdrawn, 
(1124,)  a  sulphide  of  phosphorus  is  formed.  This  sulphide  may  consist  of 
various  proportions  of  its  ingredients,  according  to  the  circumstances  under 
which  it  is  produced.    Sometimes  it  is  liquid,  sometimes  solid. 

1187.  Selenium,  like  sulphur,  combines  with  phosphorus  in  almost  every 
proporlion.  The  sulphides  and  selenides  of  phospoorus  are  decomposed 
by  water. 

1156.  The  incorporation  of  sulphur  with  phosphorus,  when  eflected  by 
heat,  is  sometimes  productive  of  explosion ;  and  the  resulting  mass  is  spon- 
taneonsly  inflamihable  in  the  air;  being  the  sole  active  ingredient  in  some 
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(XHIPOUHM  or  FHOBPHORUB  WTTa  HTDROOEN. 
€^  PnlepiteapkvnUed  Hjdroga. 


1159. 


Protopho^utreUed  hTdrogen  maj  be  obtained  br  beating  e 
nlutioo  flf  ^boafbanoM  uai,  or  by  Rdding  [rfio^ioonu  to  tbe 
teikli  fcrjHMnting  n7dniee&. 

1160.  PrtferlUa. — ^It  im  a  odoorien,  inftusmable  sob,  with  an  o 
aiimlar  lo  tbit  prodnoed  by  tbe  oonbuBtim  of  ananic  Uader  Ihe  o(£ 
«  of  dw  atmoapbere,  nrotcpbo^hureOed  hydrocen  doei  not  ai 
i;  but,  ifthepiewnw  be  re£oed  about  odMI 


a  ozygsn;  I 

1161.  On  ™— 4ipg  with  oxygen,  tbia  gas  beconKa  Inminotu  in  that 
incoiHmiKDoaof  tbeilowoombuetionof  thepboophorua;  thonghtla 

— t — 1  -  !_-j _  .„  igguQQ  (1^  hydrogen.    If  the  proceaa  fcf 

candle,  (806,)  be  npeeted  with  tho  adftk 
dttnUd  ^toafhanm  to  tbe  in^en&ls,  pntophosphnietted  h^r 
will  be  oaoaMedt  and,  eacaping  into  the  air,  will  produce  a  jet  Imnno 


<^  Perpketpkwetted  Hydrogen. 


1192.  PaiphaBphanllBd  bydfogm  may  be  produced  by  the  ttadi 
cUorohydrie  acid  with  tbe  phoafdmret  of  calciunijwluch  isofataiiMdif 
jecting  nms  to  the  npoar  n  pboaphorus  at  a  bright  red  heal  in  o  pao 
or  co^ed  gjan.tube.  The  gas  may  also  be  evolved  by  heating  in  a  re 
TS  grains  of  pboophona,  1600  of  Blacked  lime,  with  4  ounceaof  wtlet 
00  giains  of  caustic  potoah,  and  40  of  phosphorus,  moistened  by  fiO  ( 
of  water.  The  phosphorus  should  be  (Aided  first,  and  tbe  polub  Isil 
the  heat  which  it  evolves,  cmtiibules  to  tbe  heat  required  for  tbe  open 
Tbe  body  of  the  retoil  should  be  filled  with  hydrogen,  or  a  few  drO{ 
ether  should  be  added,  to  prevent  the  first  portions  of  the  gas  from  idH-u 
with  tbe  Blmospberic  oxygen  of  the  retort.  By  its  sflinily  for  the  phns 
rns,  and  the  metal  of  the  pbosphuret,  the  oxygen  of  the  water  is  tcpsi 
from  the  hydrogen,  which,  while  nascent,  unites  with  a  portion  of  the  ] 
phorus,  and  Ibrtns  perphoephurcttcd  hydn^n. 

1163.  Tbe  (bllowlog  cut  represents  the  apparatus  usually  cn:^lo}'e( 
obtaining  porphoephu retted  hydrogen. 


1164.  Hie  beak  of  the  retort  being  dcprctiiicd  beluw  the  surface  i 
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mercury,  each  bubble  as  it  escapes  into  the  atmosphere,  explodes.  It  pro- 
duces at  the  same  time  a  dazzling  flash,  which  is  transformed  into  a  beau- 
tiful wreath  of  smoke,  consisting  of  aqueous  vapour  and  phosphoric  acid, 
created  by  the  oxygenation  of  the  hydrogen  and  phosphorus.  Elach 
wreath,  as  it  rises,  expands  in  diameter,  and,  when  the  bubbles  succeed  each 
other  quickly,  a  series  of  them  may  be  seen  in  the  air  at  the  same  time. 

1165.  Properties, — Perphosphuretted  hydrogen  is  a  colourless  gas,  pos- 
sessing an  alliaceous  smell,  and  a  bitter  taste.  Water  dissolves  it  in  small 
qoantity,  forming  a  yellow  solution,  which  has  a  bitter  taste,  and  a  smell 
raembling  that  of  the  gas.  When  this  gas  is  brought  in  contact  with  oxy- 
gen, or  atmospheric  air,  it  explodes  with  a  loud  noise  and  a  vivid  flash ; 
being  converted  into  phosphoric  acid  and  water.  The  same  mixture,  in 
narrow  tubes,  undergoes  a  similar  change  slowly,  and  without  the  evolution 
of  beat  and  light. 

1166.  P^hosphuretted  hydrogen  may  be  decomposed  either  by  heat, 
by  the  electric  spark,  or  by  the  rays  of  the  sun.  Professor  Rose  considers 
proiophosphuretted  and  perphosphuretted  hydrogen  as  isomeric,  and  of 
course  similar  in  composition,  though  diflerent  in  properties.  If  the  opi- 
nions of  Rose  are  correct,  one  should  be  called  phosphuretted  hydrogen,  the 
other  paraphosphuretted  hydrogen.  (1153.) 

1167.  Chemists  do  not  agree  in  their  statements  respecting  the  composi* 
tioD  of  the  compounds  of  hydrogen  with  phosphorus. 

Mtikod  tf  exkilriling  the  InflamnuUion  of  Small  Portions  of  Gaa, 


ll^^"^.  This  fi^re  illustrates  an  advantageous  employment  of  tho  slidinor-rod  eudi- 
ometer, in  exhibiting  the  spontaneous  combustion  of  phosphuretted  hydrogen,  the 
'pidi'iid  colour  of  the  flame  of  cyanogen,  and  other  ezperimenti,  where  the  combus- 
^I'le  cliaraclcr  of  a  small  quantity  of  gas  is  to  be  shown. 

11*'!^  For  the  experiments  in  question,  the  instrument  is  chared,  agreeably  to  the 
ii^e  already  described  in  the  case  of  tho  eudiometers,  by  introduciog  the  apex  into 
**'iyl,cll  i:!a».M  or  other  vessel  holdinjr  the  gas,  and  drawing  out  the  rod;  by  which  a 
P^rti<in  of"  the  gas,  equivalent  in  bulk  to  the  part  of  tho  rod  withdrawn,  enters  the 
'<^«iv('r  of  the  eudiometer  through  tho  iiolo  in  tho  apex.  The  receiver  being  then 
^oiovtd  from  the  bell  glai»s,  and  held  up  in  a  position  favourable  for  observation,  tho 
^  u  eluwly  returned  into  its  tube,  so  as  to  expel  t.he  gas  in  a  jet  suitable  for  inflam- 
^^n.  In  the  case  of  perphosphuretted  hydrogen,  the  gas  burns  spontaneously  as 
"^^i^u  it  escapes  from  the  apex.  In  the  case  of  oiher  inflammable  gases,  inflamma- 
^^'ab  produced  by  the  flame  of  a  taper. 


I 
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SECTION  lY. 

OF  CARBON. 

1170.  Nature  preseiits  us  with  the  moet  beaotifiil 
pilrdst  qpecimeiiB  of  this  substance.  Tlie  diamond  is  _ 
eaiboD.  Wheu  equal  weights  of  cbaicoal  and  dimiinai 
are  iefeialljr  emosed  to  me  focus  of  a  powerfid  ksM  m 
oxygen  gas,  included  in  different  bdl  glassesi  the^  are 
both  conyerted  into  carbonic  acid,  from  which,  by  ij 
with  potassium,  carbon  may  be  precipitated. 

1171.  Carbon  is  yery  abundant  in  nature,  in  the 
kinds  of  fossil  coal,  bom  anthracite  or  plumbago,  in 

it  is  neaily  pure,  to  the  variety  called  candle,  or  ( 

coal,  ^^ch  abounds  with  bitumen.  In  bituminoos  cosi 
there  is  much  hydrogen.  Carbon  pervades  vegetable  aai 
animal  matter  as  an  essratial  element  It  is,  especidlyy  a 
constituent  of  the  fibres  of  wood. 

1172.  Until  of  late,  fdumbago  was  considered  as  a  dn^ 
mical  compound  of  iron  with  carbon.  Berzelius  alkges  it 
to  be  carbon  mingled,  but  not  combined,  with  iron  and 
other  impurities. 

1173.  I  ascertained  that  anthracite,  when  completely 
burned  in  oxygen  gas,  produced  no  diminution  of  volunw^ 
the  products  being  water  and  carbonic  acid«  I  infer, 
therefore,  that  the  combustible  portion  of  this  coal  con- 
sists almost  solely  of  carbon,  united  with  hydrogen  and 
oxygen  in  the  proportion  for  forming  water.  It  may,  is 
fact,  be  deemed  an  hydrate  of  carbon. 

1 174.  Preparation^—  In  the  laboratory,  charcoal  is  ob* 
tained,  sufficiently  pure,  by  heating  wood  intensely  is 
close  vessels.  In  the  large  way,  it  is  procured  by  igniting 
large  quantities  of  wood,  so  covered  with  earth,  tlmt  the 
access  of  air  may  be  at  first  controlled  and  afterwards 
prevented. 

1175.  Coke  is  obtained  from  bituminous  coal,  by  a  pro- 
cess analogous  to  that  employed  for  obtaining  vegetable 
charcoal,  which  it  resembles  in  chemical,  though  not  in 
mechanical  properties. 

1176.  Properties. — Carbon  is  inodorous,  insipid,  and 
usually  black.  Charcoal  of  wood  is  one  of  the  best  radia- 
tors, and  worst  conductors  of  heat.  There  is  reason  for 
believing  this  pecuUarity  to  result  from  its  excessive  poro- 
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ity ;  as  in  the  form  of  anthracite,  carbon  conducts  heat 
letter,  and  probably  radiates  it  worse.  Charcoal  is  highly 
susceptible  of  galvanic  ignition. 

1 1 77.  Next  to  the  metals,  charcoal  is  the  best  conductor 
>f  electricity.  It  appears,  from  the  experiments  of  Pro- 
essor  Silliman,  that  charcoal,  when  exposed  to  the  influ- 
SDce  of  a  powerful  Voltaic  series,  is  volatilized,  so  as  to 
le  transferred  from  the  positive  to  the  negative  pole,  on 
vhicfa  it  forms  a  projection. 

1178.  Charcoal,  when  intensely  ignited  vnthout  access 
3f  air,  becomes  denser,  harder,  and  a  better  conductor  of 
beat.  Substituting  animal  products  for  those  of  vegeta- 
tion, in  the  usual  process  of  carbonization,  animal  char' 
wlI  is  obtained.  It  does  not,  like  the  coal  of  vegetable 
substances,  retain  the  form  of  the  bodies  from  iraich  it 
nay  be  procured,  and  is  replete  with  cavities,  created  by 
the  escape  of  the  gaseous  elements  associated  with  it  in 
:he  organic  state.  It  has  a  grayish-black  colour,  and  a 
)rilliancy  resembling  that  of  plumbago.  Carbon  is  preci- 
pitated in  various  forms  from  coal  gas;  among  others,  in 
that  of  long  brittle  filaments,  associated  in  tufts,  resem- 
bling locks  of  hair. 

1179.  The  specific  gravity  of  carbon,  in  the  state  of 
diamond,  or  in  that  of  common  charcoal,  when  examined 
in  the  pulverulent  form,  so  that  the  result  shall  not  be 
affected  by  the  numerous  cavities  existing  in  it  when  in 
mass,  is  about  3.5.  The  apparent  lightness  of  charcoal 
is  caused  by  its  porosity.  The  specific  gravity  of  anthra- 
cite does  not  exceed  1.6;  that  of  plumbago  is  2.32;  yet 
ihey  are  both  much  more  compact  than  charcoal,  and,  in 
proportion  to  the  space  occupied  by  them  in  mass,  ob- 
viously much  heavier. 

1180.  Carbon,  under  some  circumstances,  appears  to 
have  a  transcendent  affinity  for  oxygen.  In  its  ordinary 
rtate  it  requires  a  temperature  above  redness,  in  order  to 
exhibit  this  affinity — in  other  words,  to  burn.  In  propor- 
tion as  it  becomes  denser,  we  find  it  more  difficult  to 
ignite;  in  proportion  as  it  may  be  more  minutely  divided, 
>r  approaches  a  state  of  extreme  porosity,  it  is  rendered 
nore  aosccptible  of  ignition.  Thus  the  susceptibility  of 
gnition  increases  from  the  diamond  to  tinder  in  the  fol- 
owiog  order: — Diamond,  plumbago,  anthracite,  coke,  char- 
oal  of  hard  wood,  charcoal  of  soft  wood,  tinder.   In  some 
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fomiBi  and  when  mixed  with  iron,  as  when  obtaioed  Iqr 
fuurboniadng  Prasnan  Une,  or  tanno  gnllate  of  iron,  it  tihot 
fire  roonjti^eousl^  at  ordinary  temperatures. 

llol.  According  to  Despretz,  carbon,  during  its  eoih 
bastion,  evdyes  Sidkient  caloric  to  mdt  one  hundred  ail 
five  times  its  weight  of  ice.  It  is  not  to  be  inferred  ttai 
this  is  true  of  carbon  in  all  its  forms.  Berzelius  aDcMi 
that  the  same  degree  of  heating  power  is  not  poBsenedlif 
every  kind  of  charcoal;  some  of  its  forms,  acooidiag  le 
him,  producing  much  more  heat  in  burning  tfattn  mSen^ 
This  I  should  not  believe  without  conclusive  e^ ' ' 


.♦-;<>_ 


C^f.ihe  DaeohrtMing  and  Didnf(xling  Power  of  Chanmi 

1182.  Carbon,  as  procured  firom  organic  products,  ei^ 
ciaHy  animal  matter,  displays  a  great  power  to  uonill 
with  and  precipitate  colounng  matters.  Hence  it  is  ei» 
tensively  used  m  the  refining  of  su^,  and  generaSjrii 
chemical  processes,  in  which  the  obiects  of  researdi  an 
entangled  with  colouring  matter.  This  power  is  wA  ishs* 
rent  in  elementary  carTOU,  but  appears  to  be  due  to  its 
previous  associations,  or  to  some  peculiarity  of  anange* 
ment,  derived  from  the  process  of  carbonization. 

1183.  Animal  charcoal  is  much  more  efficacioas  tfau 
that  derived  from  vegetables.  The  carbonaceous  masiy 
obtained  by  igniting  blood  with  carbonate  of  potash,  ap- 
pears to  have  the  greatest  efficacy.  That  the  presence  of 
an  alkali  during  the  ignition  contributes  to  the  effect,  seems 
to  justify  the  conjecture  that  cyanogen,  the  generation  of 
which,  in  combination  with  the  alkali,  is  a  necessary  cod* 
comitant,  has  some  agency  in  the  process.  Charcoal  is 
a  powerful  antiseptic,  operating  efficiently  in  presenriitf 
water  or  meat  from  putridity.  jMoreover,  water  renderw 
extremely  foul,  as  that  from  the  public  sewers,  may  be  pu- 
rified by  filtration  through  pulverized  charcoal.  In  net, 
filters  are  now  extensively  manufactured,  in  which  charcoal 
is  the  most  efl[icient  and  only  chemical  agent  emploved* 
The  gravel,  sand,  and  sponge,  usually  associated  with  iti 
act  mechanically. 

Of  the  Power  of  Charcoal  and  other  Substances  to  absorb  Aeriform 

Fluids. 

1184.  CharcoQl,  which  Ims,  in  a  state  of  ifi^nition,  been  submcrgrd  in 
mercury}  on  being  introduced  into  guseous  substances,  condemics  into  its 
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ft  a  bigB  quandtj  of  the  sunoundinff  aSrironn  mattov  whatever  it  may 
ThdipmaldSj  ooodemed  varies  with  the  gas,  firom  00  times  the  buUc 
le  dMurcoal,  as  in  the  case  of  ammonia,  to  1*76  times  its  bulk,  as  in  the 
of  hvdn^en*  Daring  their  abeciqition,  the  aases  me  out  heat,  and 
OMMe  m  proportion  to  the  rapidity  with  which  the  coimensation  is  eflfect- 
aad  if^  on  the  other  hand,  by  eiposure  within  an  exhausted  receiver, 
fm  be  evolved,  oold  is  produced*  Charcoal,  thus  deprived  of  gas,  re- 
ri»  any  gas  exposed  to  it,  as  greedily  as  if  recently  ignited. 
185.  'Dns  famlty  of  absorbing  gaseous  substances,  is  impaired  by  hu- 
ty,  which  charcoal  is  |Hrone  to  absorb  in  the  fbnn  of  vapour,  afterwards 
leosnng  it  into  the  state  of  water.  Water  partially  displaces  the  gases 
ioosly  absorbed* 

L66.  The  aSrifbrm  fluids,  absorbed  by  charcoal,  are  expelled  by  heat 
langed,  with  the  exception  of  sulpburdbed  hydrogen  and  oxygen*  The 
ler  deponles  sulphur,  and  the  latter  is  gradually  converted  into  carbonic 
.  Ilie  absorption  of  this  last  mentioned  principle  oonttnues  ibr  some 
,  bat,  in  quantity,  has  not  been  found  to  exceed  14  times  the  volume  of 
carbon*  in  a  rareficud  medium,  charcoal  absorbs  less  in  weigltf,  but 
e  in  vohime;  so  that  the  increased  resistance  of  the  gas,  arising  from  a 
iaution  at  pressure,  counteracts,  to  a  certain  extent,  the  power  of  the 
lo  condense  into  its  pores  a  certain  weight  The  power  of  ahsorplioii 
es  in  a  degree  with  the  number  and  minuteness  of  the  pores  eaistinff  in 
charcoal ;  of  course,  it  varies  with  the  wood  by  which  it  is  yidded* 
ircoal  of  bQX*wood  is  preeminent  in  absorbing  power;  that  furnished 
iroode  of  a  Ughter  kind  is  very  inferior  in  this  power*  Plumbago  and 
uracite  have  no  capacity,  even  after  ignition,  to  absorb  gases* 
1187*  In  the  property  of  absorbing  aeriform  fluids,  charcoal  is  not  wu; 
ar.  De  Saussarc  ascertained  that  diflcrent  porous  minerals,  and  many 
ds  of  wood,  also  silken  and  woollen  stuflls,  absorb  many  times  their  vo- 
le  of  gas.  ^ 

1168.  When  porous  bodies  arc  placed  in  a  mixed  atmosphere  of  various 
eg,  they  arc  absorlx^d  in  proportion  to  their  reciprocal  attractions,  and 
t  exercised  by  the  pores  of  the  substances  employed.  A  mixture  of 
rgcn  with  hydrogen  or  carbonic  acid,  is  more  copiously  absorbed  than 
ler  when  alone;  yet  by  heat  or  exhaustion  they  are  liberated  without 
UDution.  Nevertheless,  sulphuretted  hydrogen  and  oxygen,  when  acted 
»  by  charcoal,  produce  water,  sulphur  being  deposited. 

1189.  The  absorption  of  moisture  by  charcoal  and  other  porous  bodies 
I  long  been  noticed.  On  this  account,  it  is  dif!icult  to  weigh  such  bodies 
dbout  an  increase  of  their  weight,  even  when  they  are  plao^  in  the  scale 
de  red-hot*  Those  aeriform  fluids  are  absorbed  to  the  greatest  extent, 
Uek  are  capable  of  assuming  the  liquid  state.  These  facts  explain  the 
imentation  in  weight  received  by  charcoal  exposed  to  the  air,  which 
Boonts  to  between  ten  and  twenty  per  cent. 

1190.  I  have  devoted  more  space  to  this  subject,  because  it  illustrates  a 
vpQty  which  otherwise  might  not  be  sufficiently  considered.  It  forms  a 
^br  instance  of  mechanico-chcmical  agency,  if  I  may  be  allowed  to 
e  a  WW  word  to  express  the  idea.  Without  the  porous  or  cellular  struc- 
re  whidi  it  possesses  in  the  form  of  charcoal,  carbon  is  not  endowed 
:th  eidier  disinfecting,  absorbing,  or  colour-removing  powers;  and  yet 
is  evidM  that  the  carbon  acts  in  charcoal  by  a  species  of  chemical  af- 

f  maided   by  which  the  cellular  stnicture  would  be  inefBcient  in  the 
under  consideration*    As  respects  the  transmission  of  contagious 
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or  iafectioiit  dhmay  the  absorbing  power  of  poioiia  bodiet  merits  a 
I  baliam  thai  the  carbonaoaous  matter,  evolved  during  the  burning  < 
•otually  neutniiaea  thoae  fetid  emai^tiona  which  it  la  employed  U 
in  tba  chambera  of  the  aide. 


One  atom  or 

oae   Tdome 

of  carboD, 

equivalttit  6, 


COMPOUNDS  OF  CARBON  WITH  OXYGEN. 

with  one  atom  or  half  a  volume  of  o 
equivalent  8,  forms  one  atom  i 
volume  of  carbonic  oxidey  equivalei 

with  two  atoms  or  (Hie  volume  of  o 
equivalent  16,  forms  one  atom  c 
volume  of  carbonic  acid^  equivalent 

1191.  Two  atcxns  or  volumes  of  carbon,  equivah 
with  three  atoms  or  one  and  a  half  volumes  of  o 
equivalent  24,  form  one  atom  of  axaiic  acid,  equivak 

1192.  Two  other  compounds  of  carbon  with  oxyg 
alleged  to  exist;  one  called  mellitic^  the  other  croconi 
The  former  contains  four  atoms  of  carbon  to  three  c 
gen;  the  latter  five  of  carbon  to  four  of  oxygra. 

C^  Carbonic  Oxide. 

1193.  Preparation* — ^This  compound  is  produced 
combustion  of  carbon  with  an  inadequate  supply  o 
gen;  or  when  bodies  containing  carbonic  acio  are  1 
with  certain  substances  having  an  affinity  for  o: 
Thus  it  may  be  procured  by  heating  carbonate  o 
with  iron  filings.  The  best  process,  however,  for  c 
ing  carbonic  oxide  in  a  state  of  purity,  is  to  heat  five 
of  concentrated  sulphuric  acid  with  one  of  oxalic 
which,  being  deprived  by  the  sulphuric  acid  of  the 
which  is  essential  to  its  existence,  is  resolved  int 
bonic  oxide  and  carbonic  acid.  The  latter  gas  m 
removed  by  lime-water,  leaving  the  carbonic  oxid« 
state  of  purity. 

AffoiMitiuSor  UfvoXxhg  Carbonic  Acid  from  Carbonic  OzidCf  by  means  qf  Hi 

lllM.  This  apparatai  is  represented  bj  the  opposite  engravin^r.     Lime-wi 
introdaced  in  sufficient  quantity  into  the  inverted  bell  glaxs,  another  sm 
glass,  C,  is  supported  within  it  as  represented  in  the  engraving.     Both  of 
nave  perforated  necks.    The  inverted  bell  is  furnished  witli  a  brass  cap 
stuffing  box  attached  to  it,  through  which  the  tube,  D,  of  co|>|>er,  slides 
About  the  lower  end  of  this  tube,  the  neck  of  a  ^uni  elastic  hnfr  is  tied ;  st 
eavity  of  the  bag  may  communicate  with  that  of  the  tube.    The  neck  of 
bell  is  furnished  with  a  cap  and  cock,  surmounted  by  a  gallows  screw,  by 
which  the  leaden  pipe,  P  P,  with  a  brass  knob  at  the  end  nuitablv  perfori 
be  fastened  to  it,  or  removed  at  any  moment.     Suppose  this  pipe,  or  aid  o: 
brass  knob  at  the  other  extremity,  to  be  attached  to  the  perforated  neck 
tall  bell  glaai  filled  with  water  upon  a  shelf  of  the  pneumatic  cistern :  on 


Afponhufar  aeparatnv  Carbonie  Addfnm  Carbomc  Oxide,  < 
Means  of  lAme-water. 


I  He 


CARBON.  225 

nietlion  Iwtwven  the  belk,  the  w«ter  will  mibade  in  the  taD  bell  i^aei  over 
«,  and  the  air  of  the  bell  ^aae,  C,  being  drawn  into  it,  the  lime-water  will 

and  partially  occopv  the  space  within  the  latter.  Ai  loon  as  this  is  ef- 
te  cocks  miMt  be  cloeed,  and  the  tall  bell  glass  replaeed  by  a  small  one 
I  water,  and  famished  with  a  gallows  screw  and  cock.    This  bell  being  at- 

the  knob  of  the  lead  pipe,  to  which  the  tall  bell  had  been  fastened  before, 
ttos  is  ready  for  use.  I  haye  employed  it  in  the  new  process  for  obtaining 
>zide  from  oxalic  acid,  by  digestion  with  salphnric  acid  in  a  glass  retort, 
ous  product  consists  of  eqaalToIames  of  carbonic  oxide  and  carbooio  acid, 
iincr  roceiTsd  into  a  bell  glass,  communicating,  as  above  deeeribed,  by  a  pipe 
bell  glass,  C,  may  be  transferred  into  the  latter,  throng  the  pipe,  by  open- 
}cks.  As  the  gaseous  mixture  enters  the  bell,  C,  the  lime-water  eobsides. 
s  a  sufficient  quantity  of  the  gas  has  entered,  the  gaeeons  mizture|  by  means 
m  elastic  bacr  and  the  hand,  may  be  subjected  to  repeated  jets  of  lime-water, 
depurated  of  all  the  carbonic  aoid.  By  raisiiig  the  liquid  in  the  outer  bell, 
rined  carbonic  oxide  may  be  propelled  throQ|^  the  cook  and  lead  pipe,  into 
i\  to  which  it  may  be  desirable  to  have  it  transferred. 

3.  Properties  of  Carbonic  Oxide^>^^axb(mic  oxide  is 
iirless,  insipid  gas,  indecomposable  by  heat  or  elec- 
f  and  incapable  of  reddening  litmus.  Its  specific 
f  is  0.9727.  It  does  not  support  combustion,  and  is 
ctive  to  life.  It  burns  with  a  feeble  blue  flame,  and, 
ding  with  oxygen,  is  converted  into  carbonic  acid, 
itinum  sponge,  a  mixture  of  oxygen  and  carbonic 
is  gradually  changed  into  carbonic  acid. 

Experimental  Illustrations. 

6.  Carbonic  oxide  gas,  evolved  from  oxalic  acid  by 
occss  abovemcntioned,  and  collected  in  bell  glasses 
vater.  Combustion  and  detonation  of  it  with  oxy- 
is,  eflected  by  means  of  a  sliding-rod  eudiometer,  or 
cscoj)e-  Subsequent  absorption  of  the  resulting  car- 
acid  by  lime-water,  shown. 

0/  Carbonic  Acid. 

7.  The  proportion  of  this  gas,  existing  in  the  atmos- 
is  much  less  than  was  formerly  supposed;  being,  ac- 

ig  to  some  experiments  of  Thenard,  not  more  than  a 
mdtli  part.  It  is  this  portion,  however,  that  pro- 
thc  j)ellicle  on  Hme-water,  during  its  exposure  to  the 
od  which,  under  like  circumstances,  by  combining 
the  alkalies,  enables  them  to  efiervesce  with  acids. 
nic  acid  is  incessantly  a  product  of  combustion  and 
I  respiration  of  animals.  It  is  a  principal  ingredient 
lUe  and  limestone. 
18.  Preparation. — Carbonic  acid  may  be  evolved  from 

29 
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any  carbonate  bj  heat  or  by  acids.  It  is  an  1O7  jwocatd  ' 
for  the  impregnation  of  water,  by  tho  superiar  ftffinitf  of ; 
sulphuric  acid  for  the  lime  in  marble.  Excepting  that  <■ 
more  cobUv,  chlorohydric  acid  is  preferable  for  Hub  » 
pose;  as  toe  chloride  of  calcium,  bemg  very  soluble,  diMi 
not,  like  the  sulphate,  clog  the  vessels. 

1199.  Carbonic  acid  is  evolved  copiously  during  the  n> 
nous  fermentation. 

1300.  The  process  and  the  self-regulating  resemin^ 
already  described,  (796,  &c-)  may  he  resortra  to  fiircw- 
bonic  acid,  substituting  lumps  of  marble  for  zinc  Tbe 
best  materials  for  the  evolution  of  this  gas,  agreeaUjf  to 
my  experiraice,  are  chlorohydric  acid  and  <^careoui  ili^ 
lactites,  or  clam  shells. 

1201.  Carbonic  acid  might  be  procured  at  a  tnSaf 
cost,  by  drawing,  by  the  aid  of  a  suction  pump,  the  ^i- 
vium  of  bunuDg  charcoal  through  water  to  deiMrive  it  of 
dust,  and  then  forciug  it  into  the  cavities  in  which  its  pi*> 
sence  may  be  desirable. 

1202.  This  process  for  the  production  and  anplajwal 
of  carbonic  acid,  generated  by  the  combustion  of  chucoal, 
is  illustrated  in  the  small  way  by  the  following 
and  description. 


(/  Ckanoal  er  aiker  CemlmttMt*  in  Oxygat  Gul 


lana  Tlio  pTOrcJiiig  i'ulrc|irr>cnU»n.n|.iiariilii«  nhirli  I  h&va  coDtrivcd  tbrO 
hibitinc  tlir  cunibuation  of  cliarvnnl,  ur  uthci  coiiibuHlililcr,  In  oljgen  gu.  Tw 
Ivgo  glut  b«U*,  A,  U,  iwck  furnutiod  wilh  a  tubulurv  at  Uio  apex,  ua  Mwcialadk] 
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M  off  tkt  pipe,  P,  which,  in  one  of  the  belli,  B.  eommimicelee  with  a  tabe,  ez- 


[ing  akoel  DTe  inehei  within  the  bell,  below  its  neck,  bo  as  to  reach  into  some 
i-waltf,  er  an  iaftiiion  of  litmoa,  contained  in  a  ffkai  Tefleel.  resting  on  a  stand. 
epiBSMted  in  the  figure.  The  wooden  stand  which  holds  tne  ^lass  yessel,  and 
iroB  fltand  which  sapports  the  coal  in  the  bell,  A,  must  be  previouslT  placed  on 
~'  oi  the  pneumatic  cistern,  as  represented  in  the  eat;  so  that  A,  when  in- 


mg  the  coal,  maj  be  over  the  month  of  the  cock,  D,  which  eommanicates  with 
dff  the  gas  holdeiB,  sitoated  under  the  shelves  of  the  pneumatio  cistern,  which, 
Us  ezpeiim«nt,  should  be  filled  with  ozy^^. 

M.  Into  the  bell  glass  in  which  the  vessel  is  placed,  a  pipe  fVom  the  suction  pump 
•  hjdiestotic  blowpipe  is  made  to  enter,  and  reach  nearij  to  the  stand.  The 
ratoe  having  been  prepaied  thus  far,  the  bells  must  be  lifted  so  as  to  permit  a 
ioal  to  be  pot  upon  the  iron  stand,  as  represented  in  the  ^gure.  As  soon  as 
are  restored  to  their  previous  situations,  the  suetkm  pump  must  be  put  into 
itkm,  and  the  cock,  D,  of  the  gas  holder,  containing  the  ozygen,  opened;  so  as 
ow  a  current  of  the  gas  to  have  access  to  the  coal|Dy  replamiig  the  air,  which 
thdrmwn  by  the  pump  through  the  pipes,  P  and  S.  The  coal  bSms  splendidly; 
IS  the  oxygen  becomes  saturated,  it  is  drawn  off  bv  the  sootion  pump,  being 
I,  in  its  wnr  from  A  to  fi,  to  pass  through  the  liquid  in  the  vessel,  into  whi^ 
inds  the  tabe  proceediuj;  from  A.  If  the  liquid  be  water  tinged  with  litmus,  it 
beoome  red  by  the  action  of  the  carbonic  acid:  if  it  be  lime-water,  a  copious 
y  precipitate  will  appear. 

.205.  Properties  of  Carbonic  Acid. — ^It  is  a  colourless 
t,  with  a  pungent  smell  and  an  acid  taste.  Water  takes 
its  own  bulk  of  this  gas,  whatever  may  be  its  density.  It 
nbines  with  earths,  alkalies,  and  metallic  oxides,  form- 
wilh  lime,  baryta,  strontia,  magnesia,  and  oxide  of 
d,  compounds  which  are  insoluble.  Hence  it  precipi- 
es  lime-water,  barytic-water,  and  solution  of  acetate  of 
id.  Litmus  is  reddened  by  this  acid.  It  destroys  life 
d  extinguishes  flame,  but  is  not  insalubrious  to  breathe 
160  much  diluted  with  air. 

1206.  Carbonic  acid  is  very  antiseptic.  When  concen- 
ited  in  water  it  is  grateful  to  the  stomach.  Potassium 
ms  in  this  gas,  absorbing  oxygen  and  precipitating  car- 
Q.  Plants  probably  absorb  it,  retain  its  carbon,  and 
re  out  its  oxygen.     The  respiration  of  animals  tends 

compensate  this  change,  by  carbonizing  the  oxygen  of 
e  air. 

1207.  Carbonic  acid  is  heavier  than  atmospheric  air, 
s  specific  gravity  being  1.5239.  At  the  temperature  of 
?,  and  under  a  pressure  of  forty  atmospheres,  it  con- 
3i8es  into  a  colourless  liquid. 

Exj)erimental  Illustrations. 

1208.  Evolution  of  the  gas  shown;  also  its  property  of 
ctingaidiiDg  a  candle.  That  it  differs  from  nitrogen, 
ade  emlent  by  means  of  lime-water.  Litmus,  reddened 
'  caifaonated  water,  and  restored  to  its  original  colour 

boOiDg. 
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1309.  AoaljaiB  of  mixtures   coDtaining   the   ga: 
of  the  sliding-rod  eudiometer  and  lime-water. 

if  Ik4  dUUngituMitig  PnpeTlit$  of  Cartsmic  Ja 

ISIO.  Hiving   intradnced   in 

IhraB-iwekgd  boMl- —■' 

*f^oiaiag  flnM,  < 
cubooata  ^  uan 
M  mush  mtroMMiitiic  Mid.  (101 
•ctiva  «ArTMMiiM  will  enn*, 
ftom  th*  MpoUon  of  tba  carta 
flwm  tlN  unmoiUt,  b7  tin  sboi 
finitj  at  the  nitric  mdd.  At  H 
time,  nflkisDt  {fame  irill  be  gi 
to  nukg  it  aWdBUt  bow  &t  tb 
■re  occDpkd  by  th«  gn,  to  tb< 
■ion  of  atiDaepbsrie  ail.  Bjibea 
the  momnenti  of  tb*  emi&onie  i 
Vilt  be  leeogniMd  •■  uceDdu 
npper  TeMel,  whjeh  it  win  I 
fiiiallj  orerifew  thtan|^  the  taw 
tween  the  brim  and  eorer. 

1811.  tbe  ooret  b^ng  ten 
ligfated  eaadle  will  cmn  to  bm 
lowered  into  the  fane  isdieati 
apeoe  occn^iad  b;  Ibe  ■••.  Th 
will  compnae  the  whole  e*yil// 
Teaael,  aa  hag  aa  the  ipertan 
cloaed ;  bat,  on  remoTiu  the  ee 
thia  apertare,  the  na  win  flow  < 
the  atroam,  marked  by  Um  aeei 
ing  fame,  will  ba  seen  iliiBiei 
wajili  the  table ,  and  will  eztiagi 
flane  of  a  candle  if  inariii  te  eni 
it ;  or,  it  may  be  recei*ed  iaie 
li  to  arreat  the  combuttion  of  a  taper  introduced  into  it,  or  upon  whiah  t 


tend  itaoir.     Hut  if  one  of  the  orilicca  ol'  tlia  botUa  bi  c 
Ibe  carbonic  acid  will  be  found  entirely  to  desert  the  upper  vesad. 

1212.  It  will  thn«  bo  roiide  evident  tlial  thia  gia,  from  iu  gn-nier  apecilk  i 
hu,  in  the  atmoaphore,  aome  of  tlio  liablludcii  of  liquidi;  wliilo  ila  iocapa 
aupport  combuatiun  will  bo  dernonBttated. 

1313.  The  Bpecific  gravity  of  carbonic  acid  being  rmllici  more  thao  i 
rraater  than  that  of  almoapheric  air,  it  does  not  apecdily  loava  any  cavity  il 
It  may  be  introduced.     It  la  on  tliia  accoutil  tlint  |>cnti>na  otlen  i>criah  on  « 

ImprtgnaluM  ef  IValer  irirh  Carbonic  .Irid. 

1314.  The  procoaa  by  which  water  in  impregnated  with  carbnoic  acid, 
eaaily  undontood  from  the  following  on^nving. 

I'Jiri.  A  c'indenaer.  A,  ia  fDatonea  nl  wiltom  into  a  block  <•(  biaaa,  whiek 
niiihed  with  a  conical  biiw  ncrew,  by  moami  of  whii'h  it  ii  eimilj'  attached  £ 
the  floor.  In  thia  braaa  block  are  cavitioii  for  [tic  two  vBlve^.  nno  tnicninr  i 
from  the  pipo,  II,  the  other  outwards  towarda  thu  pigie,  *.'.  Thu  pipe,  B,  i 
nicate*  with  a  aelf  regulating  reaervuir  ofi-nrlKmic  acid. 

13JG,  The  gas  which  the  conJcnacr  drawn  in  from  the  rcHcrvnir,  ia  forced 
the  other  pips  into  a  alrong  copper  Teasel,  in  wbieh  Ihn  water  Ih  niloated,  an< 
ia  repreaentad  in  the  figure,  aa  if  the  front  part  wcro  removed,  in  order  to  ea| 


the  preMum  employed  exceed 
1218.  When  duly  aaluratod, 


Of  tie  hiquefaiAion  and  Solidification  of  CarboMe  Acid. 

1219.  It  haa  been  shown  (hnltho  extrication  or  carbonic  acid  rromabaBe, 
■nay  be  chGcked  l^  Ihc  pressure  consequent  to  confinement,  (243,)  and  it  has 
l(«n  mentioned  thai  Farailny  obtnincd  this  ncid  in  a  liquid  state,  by  caiuing 
thi'  materinls  for  the  generation  ofil  lo  react  within  a  glass  tube,  sealed  her- 
rncficalJy  atter  their  introduction.  Siibsoqucmlj,  the  liqiieraction  of  this  acid 
wns  accomplished  on  a  much  larger  scale  by  Brunei ;  and  in  1836,  thirteen 
vOTre  alter  Iho  dale  of  Faraday's  observations,  Thillorier  caused  not  only 
rhe  hqiiefection,  but  (he  solidificaiion  of  the  acid.  Without  any  other 
kaowlcilge  than  that  afforded  by  brief  notice,  or  verbal  information  con- 
tey<-d  by  travellers,  my  fiiend.  Dr.  Mitchell,  was  quite  successful  in  the 
rrpelhiiin  of  the  processes  of  Tbillnrier.  The  production  of  the  solid  acid 
is  dependent  on  the  ramc  principles  as  the  congelation  of  water  in  the  cryo- 
phoriis  and  in  Leslie's  experiment.  (:iO'J,  &c.) 

12^.  The  pressure  requisile  to  retain  cnrbonic  acid  in  n  stale  of  liquidity, 
IS  at  4'  below  zero,  26  atmospheres;  at  32°,  36  atmospheres;  at  86°,  76 
atm)«phrres.  (196.)  Us  specific  gravity  is,  at  that  tempcmturc,  about  930. 
The  deasiiy  of  the  gas  which  occupies  the  cavity  above  the  liquid  portion 
of  the  acid,  is  130  limes  the  density  of  that  which  it  has  at  the  mean  baro- 
metric pressLire  of  30  inches  of  mrrcury. 

12^1.  Lii)uid  carbonic  ncid  docs  nol  combine,  nor  even  mingle,  with 
water  or  fixi'd  oils;  but,  under  the  requisite  pressure,  combines  readily  with 
ether,  aioohol,  naphtha,  or  oil  of  turpentine,  h  may  be  decomposed  by 
potaaium,  but  not  by  zinc,  iron,  or  other  metals  proper. 

1221,  On'.'  of  the  most  interesting  pr<i|<ertics  of  the  acid,  is  that  intense 
cold  pnduc(.-d  by  its  assuming  the  aeriform  state,  to  which  allusion  has 
been  made.  A  jet  of  ii  deprcsseil  a  thcrmom(;ter  to  130°  below  zero,  F. 
The  coid  by  which  the  acid  is  frozen,  or  in  oliior  words,  its  freezing  point, 
is  csliniaied  at  H^'^  below  zero,  F.     According  (o  Mitchell,  one  drachm  of 
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solid  acid  is  yielded  by  each  ounce  of  the  liquid.  1  will  here  msDr* 
Mitchell's  description  of  this  wonderful  product  of  chemical  art,  in  mifm 
words:* 

1223.  «<  The  porosity  and  volatile  character  of  the  solid  renders  its  speak 
gravity  of  difficult  ascertainment.  When  recently  £>rm6d  it  is  about  ih 
weight  of  carbonate  of  magnesia,  and  w  tn  strongly  compressed  fay  As 
finger8,.its  density  is  nearly  doubled.  Scud  carbomc  add  is  of  a  periki 
whiteness,  and  of  a  soft  and  qiongy  textui  e»  very  like  sligbly  moHlBMi 
and  aggr^ated  snow.  It  evaporates  rap  y,  becoming  th^^y  coider  sal 
colder;  but  the  cddness  produced  seei  o  steadily  leven  the  evapowrioa, 
so  that  the  mass  may  be  kept  for  some  time.  A  quantity  wdghiv  Mi 
grains  lost  firom  8  to  4  grains  per  minute  at  first,  but  did  not  entinqr  dis- 
wp^ar  for  8  hours  and  a  half.  The  natural  temperature  was  76^—79^. 
The  solid  is  most  easily  kept  when  compr  sed  and  rolled  up  in  oottoi  or 
wool.  Its  temperature  when  newly  for  a  is  not  exactly  ascertainaUs  be- 
cause it  is  immedialely  k>wered  by  eva]  ation.  Thillorier  seems  to  hnt 
entertained  the  opinioa  that  the^  pr  J<  rree  of  cold  was  created  al  ths 
time  of  the  formation  of  the  solid,  in  my  experiments  a  constant  dpciew 
of  temperature  was  observed;  which  was  accderated  by  a  current  of  air, 
or  any  other  means  of  augm^iting  evaporation.  At  its  formation,  die  ca^ 
bonic  snow  depresses  the  thermometer  to  about  — 85^  If  it  be  oonfiaei 
in  wool  or  raw  cotton,  its  cooling  influence  is  retarded;  if  it  be  exposed li 
the  air,  especially  wh^  in  motion,  the  thermometer  descends  much 
rapidly;  and  under  the  receiver  of  an  air  pump,  the  cfiect  is  at  its 
mum.  The  greatest  cold  produced  by  the  solid  carbonic  acid  in  the  ■ 
— 109^,  under  an  exhausted  receiver  — 186°,  the  natural  temperatois  be> 
ing  at  +  86^ 

1224.  *' The  admixture  ofsulphuric  ether  so  as  to  produce  the  uneaianee 
of  wet  snow,  increased  the  coldness,  for  the  temperature  then  nil,  aider 
exhaustion,  to  — 146,*  a  degree  of  cold  which  we  wore  not  able  to  eieesd 
by  means  of  any  variation  of  the  experiment.  That  result  b  most  easily 
obtained  by  putting  about  two  fluid  drachms  of  ether  into  the  iron  roodrcr 
before  charging  it.  A  compound  liquid  may  be  thus  formed  which  vields 
a  snow  in  less  quantity,  but  of  a  more  facile  refrigeration.  Alcohol  may 
replace  ether  in  either  mode,  but  with  less  decided  cfiect.  In  the  air  the 
alcoholic  mixture  fell  to  — 106°  and  remained  stationary.  By  blowing  the 
breath  on  it,  it  fell  to  —110°.  Left  to  itself  it  rose  slowly  to  — 106'' ;  but 
on  being  placed  under  an  exhausted  receiver  fell  to  — 134^. 

1225.  ^*  Every  attempt  to  wet  the  carbonic  solid  with  water,  failed,  so  that 
no  estimate  of  its  relative  effects  could  be  made. 

1226.  ''The  experiments  resulting  from  the  great  coldness  of  the  new 
solid,  were  very  striking.  Mercury  placed  in  a  cavity  in  it,  and  covered  up 
with  the  same  substance,  was  frozen  in  a  few  seconds.  Ikit  the  solidifica* 
tion  of  the  mercury  was  almost  instantly  produced  by  i>ouring  it  into  a 
paste  made  by  the  addition  of  a  little  ether.  Frozen  mercury  is  like  fead, 
soft  and  easily  cut.  It  is  ductile,  malleable,  and  insonorous.  Just  as  it  is 
about  to  melt,  it  becomes  brittle  or  '  short^  and  breaks  under  the  point  of  a 
knife.  These  facts  may  account  for  the  discrepancies  of  authors  on  this 
subject.     Frozen  mercury  sinks  readily  in  licjuid  mercury. 

1227.  ''  At  about  —  II 0^  liquid  sulphurous  acid  is  frozen,  and  the  ice 

*  For  engrmying  and  doscnption  of  Mitcholl't  modification  of  Thillorier  ■  appan- 
tm,  aee  Appendix. 
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sinks  in  its  own  liquid,  and  at  —  130°  alcohol  of  .798,  assumes  a  viscid 
ind  oily  appearance,  which  by  increase  of  cold,  is  augmented  until  at 
-  146='  il  t*  like  melted  wax.  Alcohol  of  .820  froze  readily.  At  —  146** 
mlpkmric  ether  is  not  in  the  slightest  degree  altered. 

1228.  "When  a  piece  of  solid  carbonic  acid  is  pressed  against  a  living 
nimal  surface,  it  drives  off  the  circulating  fluids  and  produces  a  ghastly 
rhiie  spot.  If  held  for  15  seconds  it  nuses  a  blister,  and  if  the  application 
e  ooDtinued  (or  two  minutes  a  deep  white  depression  with  jtn  elevated  mar- 
in  is  pcrcetvod ;  the  part  is  killed,  and  a  slough  is  in  time  the  consequence. 
have  thus  produced  both  blisters  and  sloughs,  by  means  nearly  as  prompt 
s  fixe,  but  much  less  alarming  to  my  patients." 

0/  Oxalic  Acid. 

1229.  Latterly  oxalic  acid,  long  known  as  a  product  of 
regetation,  has  been  found  to  belong  to  the  compounds  of 
:arbon  with  oxygen ;  and  still  more  lately  mellitic  and  cro- 
:onic  acid  have  been  added  to  this  class.  Yet  when  the 
lecessity  of  water  to  the  existence  of  these  acids  is  taken 
into  view,  it  appears  to  me  questionable  whether  they  may 
lot  be  considered  as  acids  with  a  compound  radical,  con- 
sisting of  hydrogen  and  carbon. 

1230.  Preparation. — Oxalic  acid  may  be  obtained  from 
the  common  sorrel,  Rumex  acetosa^  or  from  the  wood  sorrel, 
Oxalis  acetosella,  from  which  it  derives  its  name.  In  these 
plants  it  exists  in  the  state  of  binoxalate  of  potash.  It  may 
also  be  procured  by  the  reaction  of  one  part  of  sugar  with 
sLv  of  nitric  acid.  The  weight  of  the  acid  obtained  is 
equal  to  three-eighths  of  the  materials.  Wood,  glue,  silk, 
or  hair  may  be  substituted  for  sugar  in  this  process ;  but 
when  these  substances  are  used,  the  product  is  impure. 
Next  to  sugar,  starch  and  molasses  arc  probably  the  best 
materials.  Oxalic  acid  may  be  procured  also,  by  digesting 
shavings  of  wood  in  a  solution  of  caustic  potash,  at  a  heat 
considerably  above  that  of  boiling  water. 

12.31.  Properties. — Oxalic  acid  is  a  solid,  but  soluble  both 
in  water  and  alcohol,  the  resulting  solutions  being  extremely 
sour.  One  grain  in  half  a  pint  of  water  is  sufficient  to 
redden  litmus  distinctly.  It  cannot  exist  uncombined  with 
water  or  some  other  base.  The  atomic  composition  of 
this  acid  would  authorize  us  to  consider  it  as  a  binary 
compound  of  carbonic  acid  and  carbonic  oxide.  In  every 
atom  of  oxalic  acid  in  its  appropriate  crystalline  form, 
there  are  three  atoms  of  water.  When  these  crystals  are 
exposed  to  an  unusually  dry  atmosphere,  or  to  a  tempera- 
ture of  80"",  a  partial  efflorescence  ensues;  and  if  the  heat 
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be  raised  to  212°,  thejr  part  with  two  atom  of  wtl 
which  they  recover  on  exposure  to  the  air  after  cooGi 
When  heated  to  300%  the  acid  is  decomposed. 

1232.  OxaUc  acid  is  an  energetic  poison.  The  best  i 
tidotes  for  it  are  magnesia,  or  the  calcareous  caibona 
in  the  pohemlent  form,  especially  chalk.  When  ozi 
acid  meets  with  either  of  these  bases,  an  inaoluUe  i 
inert  oxalate  is  formed.  Hence  its  employment  as  a  t 
for  lime. 

1233.  It  appears  from  statements  made  by  Vogel  in  I 
Joumale  de  Pharmacie,  for  April,  1836,  that  the  protoxid 
of  iron  and  copper  are  precipitated  from  their  wiion  wi 
sulphuric  acid  by  oxalic  acid.  The  oxalate  of  iron  is  j 
low;  the  oxalate  of  copper,  blue.  Both  are  insohibie 
water. 

qfMdlUic  Add. 

1234.  Mellitic  acid  is  obtained  in  crystals  bom  a  n 
mineral,  called  the  honey-stone,  which  is  a  melKtate 
alumina.  It  is  soluble  in  water  and  alcohol,  and  has 
sour  taste. 

Of  Croconic  Add. 

1235.  Croconic  acid  may  be  procured  in  yellow  ciysta 
frt)m  the  croconate  of  potash,  which  is  generated  in  tne  pi 
cess  for  obtaining  potassium  by  means  of  charcoal*  It 
inodorous,  has  an  acid  and  astringent  taste,  and  reddc 
htmus. 

COMPOUNDS  OF  CARBON  WITH  OXYGEN  AND  CHLORINE. 

1236.  There  are  two  compounds  of  carl)on  with  oxygon  and  chlori 
To  one  of  these,  which  has  heon  ix'cently  discovered,  the  name  of  Mo 
han  heen  given;  to  the  other,  tliat  of  chlorocarhonic  or  chlcroryaaho 
acid.  The  latter  name  is  preferable;  as  the  other  would  convey  the  i 
of  an  acid  made  solely  by  the  union  of  chlorine  with  carbon. 

Of  Chloral 

1237.  When  chlorine  is  passo<l  through  alcohol,  which  consists  of 
drogen,  oxygen,  and  carbon,  one  iH)rtion  combines  with  hydrogon,  fom 
chlorohydric  acid,  while  another  combines  with  oxyg<Mi  and  carbon,  k 
ing  chloral. 

1238.  Chloral  is  described  as  a  colourless  transpQr«*nl  liquid  with  a  j 
gent  odour.  Its  s|xx:ific  gravity  is  1.502.  It  ImuIs  at  201  ^  and  ma; 
distilled  unchanged.  With  water  it  fun ns  a  white  cry :>talline  iiuuus,  a 
rcntly  a  hydrate. 
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CUoral  ooDsifitB  of  oiDe  atoms  of  carbon,  four  of  oxygen,  and  six 

Of  Chhroxycarbonic  Acid* 

iVben  one  volume  of  dry  chlorine  and  one  volume  of  carbonic 
are  mingled,  and  exposed  to  the  solar  rays,  they  combine,  and 
into  ODO  volume  of  a  colourless  acid  gas,  to  which  the  name  of 
arbonic  acid  has  been  given.  It  is  exceedingly  o^nsive  to  the 
to  the  organs  of  respiration.  It  reddens  litmus  paper,  and  with 
ibrms  a  white  salt.  By  contact  with  water  a  reciprocal  decora- 
isues,  and  chlorohydric  and  carbonic  acids  are  produced.  It  coo- 
le  atom  of  chlorine,  and  one  atom  of  carbonic  oxide. 

Of  the  ChlorideM  of  Carbon. 

Chlorine  forms  four  compounds  with  carbon.  The  dicUoride  is 
ystalline  inflammable  solid,  having  a  peculiar  odour,  resembling 
3nnaceti.  At  250^  it  sublimes  in  crystals.  It  is  fusible  by  heat, 
at  a  temperature  between  350^  and  450**.  Tlie  dichloride  con- 
e  atom  of  chlorine  and  two  of  carbon. 

^hen  the  liquid,  produced  by  the  union  of  chlorine  with  defiant 
I  iMchlorine  ether,  is  exposed  to  the  sun,  in  contact  with  a  suffi- 
itity  of  chlorine,  the  sesquichloride  of  carbon  b  produced.  It  is 
n,  transparent,  friable,  crystalline  body,  nearly  tasteless,  and  le- 
samphor  in  smell.  While  exposed  to  the  flame  of  a  spirit  lamp, 
rith  a  red  flame,  but  the  combustion  ceases  as  soon  as  the  lanu> 
d.  It  melts  at  320°,  and  at  360°  is  converted  into  vapour,  which 
3ndensed  without  decomposition.  It  is  nearly  twice  as  heavy  as 
The  sesquichloride  of  carbon  consists  of  three  atoms  of  chlorine 
toms  of  carbon. 

The  jrrotochloridc  is  obtained  by  passing  the  sesquichloride  in 
rough  a  red-hot  porcc>Iain  tube.  The  sesquichloride  is  decom- 
the  protochloridc  and  chlorine.  The  protochloridc  is  a  transpa- 
irlcss  liquid,  with  a  specific  gravity  of  1.4876.  It  is  composed  of 
Df  chlorine  and  one  of  oarlx)n. 

Ml  the  above  described  chlorides  arc  insoluble  in  water,  acids,  and 
lUt  are  soluble  in  oils,  alcohol,  and  ether.  When  chloral  is  boiled 
ou  of  |X)t€iijh,  a  decomposition  ensues,  and  a  chloride  of  carbon 
ill  vajjour,  and  may  Ik^  condensed  in  a  receiver.  This  chloride 
ies-s,  transfiarcnt  lifpiid,  with  an  odour  similar  to  that  of  chloric 
I  six*cific  gravity  is  1.48.  This  chloride  consists  of  five  atoms  of 
od  four  of  carlxHi. 

Of  Bromide  of  Carbon, 

»VIk.*ii  bromine  is  brought  in  conUict  with  half  its  weight  of  per- 
arlx»n,  lieat  is  evolved,  a  decomi>osition  ensues,  and  bromid^  of 
carbon  are  formed.  The  bromide  of  carbon  is  a  volatile,  colour- 
,  of  a  sweet  taste,  and  an  ethereal  odour. 

Of  the  Iodides  of  Carbon^ 

T\m  proHodide  of  carbon  is  a  liquid,  in  properties  strongly  rc- 
the  bromide  of  carbon.     The  pcriodide  appears  under  the  form 
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of  yellow  cryvtaliine  scales,  which  have  a  sweet  taste,  a  slrong  aratie 
smell  resembling  that  of  safiroo,  and  a  specific  gravity  higher  than  thl  of 
water. 

Of  Sulphoearbomc  Aeid^  or  Bigidpkide  of  Carbon. 

1247.  The  hisulplude  of  carbon  is  obtamed  by  passing  the  vapour  cf 
solphur  ov^  charcoal  heated  to  incandescence  in  a  porcelam  tube.  It  iit 
transparent,  ooloartess,  volatile  liquid,  possessing  an  acrid  taste,  and  a  peoh 
liar  nauseous  smell.  Its  specific  gravity  is  lJi^2.  It  boils  at  105^,  ani 
does  not  fineeze  at  —  60^.  At  a  temperature  a  little  above  the  boiling  poiol 
of  mercury,  it  inflames.  When  the  bulb  of  a  spirit  thermometer,  wn|iped 
in  lint  imbued  with  this  liquid,  is  placed  within  a  receiver,  and  the  mt  willh 
drawn,  the  temperature  fidis  to  — 82°. 

1248.  This  compound  unites  with  almost  all  the  sulpho-bascs,  fimmg 
with  them  sulpha-salts,  and  is  as  well  entitled  to  be  treated  as  an  mait  as 
the  analogous  compound  formed  by  sulphur  with  hydrogen. 

1249.  Dr.  Thomson  supposes  that  the  solid  mass,  obtained  by  wailvg 
the  nitre  out  of  gunpowder,  is  probably  a  solid  sulphide  of  carboo. 

COMPOUNDS  OP  CARBON  WITH  HYDROGEN. 

1250.  Carbon  and  hydrogen  are  in  opposite  extremeif 
as  respects  their  susceptibility  of  the  aSntorm  state.  For 
se,  carbon  is  probably  more  difficult  of  volatilizatioD  hj 
heat,  than  any  other  substance  in  nature.  Hydrogen,  on 
the  other  band,  as  far  as  our  experience  goes,  is  not  sus- 
ceptible of  condensation,  even  into  the  non-elastic  state  of 
fluidity.  There  is,  however,  a  powerful  affinity  between 
these  substances;  and  hence,  when  a  compound  which 
contains  them  is  subjected  to  heat,  they  are  made  to 
combine  in  various  proportions,  according  to  tlie  intensity 
of  the  ignition,  and  the  influence  exercised  by  the  nitro- 
gen, or  oxygen,  previously  in  combination  with  them. 

1251.  In  general,  the  compounds  of  carbon  with  hydro- 
gen are  distinguished  by  inflammability.  In  the  gaseous 
state  they  constitute,  when  ignited,  the  flame  of  caodleS) 
lamps,  gas  lights,  and  culinary  fires.  They  are  incapable 
of  supporting  life,  but  arc  not  actively  noxious  when  di- 
luted with  the  air. 

1252.  The  gaseous  compounds  of  carbon  with  hydrogen 
are  obtained  by  the  destructive  distillation  of  bituminous 
coal,  wood,  oil,  tar,  and  other  inflammable  substances. 

1253.  Tlic  illuminating  power  of  each  of  these  varioos 
kinds  of  gas,  seems  to  l)c  in  proportion  to  the  quantity  of 
carbon  contained  in  a  given  volume,  provided  tliere  be  an 
<H|uivalent  sup|>ly  of  oxygen  ;  but,  otherw  ise,  the  excess  of 
carbon  renders  the  flame  smoky.     Hence  the  grculcr  bril- 
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liancy  of  small  flames,  or  those  excited  by  a  current  of 
air,  as  in  the  Argand  lamp.  The  same  name  which  in 
common  air  is  unpleasantly  fuliginous,  transferred  to  oxy- 
gen gas,  displays  a  perfect  brilliancy, 

1254.  The  laiown  compounds  of  carbon  with  hydrogen 
are  numerous  and  complicated ;  and  yet  it  is  probable  that 
many  exist  in  nature,  or  may  be  produced  by  art,  with 
which  we  are  at  present  unacquainted. 

1255.  We  have  had  occasion  to  state,  (1153,)  that  where  bodies  have,  in 
the  same  volume,  the  same  number  of  atoms  of  each  of  their  ingredients, 
and  yet  differ  in  their  properties,  they  are  said  to  be  isomeric j  from  io-h 
equal,  fuf^  part.  Compounds,  in  which  the  constituents  are  in  the  same 
ratio,  but  in  which  the  resulting  volumes  exist  in  different  degrees  of  con- 
densation, are  said  to  be  polymeric  with  respect  to  each  other,  from  9r»Xvg 
many,  fup»i  part.  The  last  term  is  applied  to  a  class  of  the  compounds  of 
carbou  with  hydrogen,  in  all  of  which  these  elements  exist  in  the  same 
ratio  of  atom  for  atom ;  yet  from  some  difference  in  the  mode  of  aggregation, 
or,  as  I  believe,  in  the  extent  and  modes  of  their  association  with  heat,  light, 
and  electricity,  their  degree  of  condensation  when  in  the  aeriform  state,  and 
their  properties  in  other  respects  are  quite  different. 

1256.  We  have  then  two  groups  of  the  carburets  of  hydrogen,  in  one  of 
which  diversity  of  properties  is  attended  by  a  corresponding  diversity  in  the 
ratio  of  the  carbon  to  the  hydrogen ;  while  in  the  other  this  ratio  is  uni- 
Form,  although  the  properties  and  resulting  volumes  in  the  aeriform  state, 
differ.     In  the  first  group,  there  are  four  compounds. 

1257. — 1.  Light  carbvrcttcd  hydrogen^  ov  fire  damp^  consisting  of  two 
volumes  or  atoms  of  hydroj^en,  with  one  volume  or  atom  of  carbon. 

125S. — 2.  The  compound,  in  fill  the  varieties  of  which  there  are  as 
many  atoms  of  one  oiemont  as  of  the  other,  and  for  which  Dr.  Thomson 
proposes  the  nainc  of  carhohydrogcn  as  a  generic  appellation. 

1259. — 3.  Bycarburct  of  hydrogen,  in  which  six  atoms  of  carbon  are 
unit^H^  with  thrr^  of  hvdroirrn. 

1200. — 4.  jVaphthaline,  in  whirh  ton  atoms  of  carbon  are  combmed 
with  four  atoms  of  hvdromMi. 

12r»l.  The  second  group,  which  is  snbordiimt(;  to  the  first,  being  formed 
in  fact  by  the  ramifications  of  carhohydrogon,  comprises,  according  to  Dr. 
Thomson,  several  varieties,  which  ho  designatos  and  describes  as  follows; — 

1262. — 1st.  Protocarbohydrogcn,  consisting  of  a  volume  of  cxirbon  and 
a  volume  of  hydrogen,  condensed  into  one  volume.  This  variety,  now 
called  mytheline,  has  Im  on  lately  isolated  hy  Dumas  and  Peligot,  by  distil- 
ling one  jKart  of  pyroxylic  spirit,  obtained  hy  the  distillation  of  wood,  with 
t»o  parts  of  chlorohydric  acid,  and  throe  of  sulphuric  acid;  when  an  ethe- 
real chlorohv*!  rate  of  niythohne  results.  Subjected  to  a  red  heat,  this  ethe- 
real compound  is  resolviMl  into  chlorohydric  acid  gas,  and  mytheline  in  the 
gaseous  form.  Pyroxylic  spirit  is  considered  as  a  bihydrate  of  mytheline, 
b'.'ing  pfocun-d  fmm  crude  pyroligneous  acid  by 'distillation.  It  bears  the 
same  relation  to  mytheline  that  alcohol  d<3os  to  etherino.  (1207.) 

1263. — ^2d.  Deutocarbohydrogen,  or  ohfiant  gas,  consisting  of  two  vo- 
lumes of  carbon  and  two  of  hydrogen,  condensed  into  one  volume. 

1264.— dd.    Tritocarbohydrogen,  consisting  of  three  volumes  of  carbon 
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and  three  of  hydrogen^  condensed  into  one  volume.    This  is  hy  Dr. 

son  oonsideicd  as  constituting  the  gas  evolved  from  oil,  which  was  fajDd* 

ton  called  super-olefiant  gas. 

1205.— 4tn.  T^etartocarhokydrogen,  consisting  of  four  vohiroes  of  cw 
hon,  and  four  volumes  of  hydrogen,  condensed  into  one  volume. 

1266.— 6th.  Hexacarbdiydrogen^  containing,  according  to  lliomni, 
six  volumes  of  each  dement,  condensed  into  one  volume. 

1267.  CffEikerine. — ^Besides  these  compounds,  it  has  been  inferred,  hj 
many  cheimsts,  that  there  is  a  liquid,  or  solid  compound,  formed  of  fin 
volumes  or  atoms  of  carbon,  and  four  volumes  or  atoais  of  hydrogei,  ooo- 
densed  into  one  volume  or  atom.  This  has  been  called  ethenne,  uadv  tbo 
idea  that  it  is  the  common  base  of  all  the  ethers,  forming  common  ettv  by 
uniting  with  one  volume  of  aqueous  vapour,  alcohol,  by  unitins  with  two 
such  volumes,  and  the  various  ethers,  by  unitinff  with  acids,  or  we  other  in- 
gredients,  after  which  they  are  severally  name£  Ethcrine  wouM  of  oMne 
be  isomerio  with  the  telartocarbohydrogen  of  Dr.  Thomson*  (12U.) 

CflAghi  Carturttted  Hydrogen,  cr  Fire  Dmmp. 

1268.  The  substance  distinguished  by  these  names  has  been  djgmfiad 
by  a  variety  of  appellations,  among  which  are  heavy  inflammable  dr,  cir- 
buretted  hydrogen,  and  bihydroeurct  of  carbon.  Dr.  Thomsoii  kis,  b 
some  instances,  used  the  monosyllable  di  to  indicate  proportioiis  the  nvene 
of  those  indicated  by  the  monosyllable  hi.  Thus,  bichloride  of  carbon  would 
signify  two  atoms  of  chlorine  and  cmc  of  carbon,  while  dichloride  covreya 
tin  i^  of  two  atoms  of  carbon  and  one  of  chlorine.  Consistently,  then,  1 
think.  Dr.  Thomson  should  have  called  this  ^as,  a  diearhurti  tfkfingim 
as  the  proportions  of  its  constituents  are  the  mvcrse  of  those  in  the  bicuki 
ret.  This  gas  has  long  been  known  to  miners  of  bituminous  coal,  oadv  ibi 
name  of  fire  damp,  as  one  of  their  greatest  enemies.  It  is  libemtod  eD> 
piously  from  cavities  in  the  coal,  in  which,  no  doubt,  in  many  instances,  ii 
has  b^n  pent  for  ages.  It  is  also  evolved  iroin  the  mud  of  stagiumt  n-alcrs. 
and  is  occasionally  cmitt(xl  from  fissures  in  the  earth.  Thero  is  do  giny 
mode  of  forming  it  artificially.  It  is  a  colourless  gas,  of  course  irrespimble 
but  having  more  than  a  negative  influence  in  destroying  life.  Its  spccifit 
gravity  is  0.5593. 

Of  the  Safety  Ijimp. 

12(10.  In  tho  account  above  ^ven  of  dicarburct  of  hydrojnron,  it  was  mentioned  Uia 
it  was  in  mines  a  source  of  injury.     Whon  cxintiii^  in  tliu  air  boyoiid  a  ccruio  pro 

Sirlion,  it  explodes  on  coming  into  contact  with  tlic  flame  <»(  a  lamp  or  ctnJIc 
ence,  as  artificial  \\g\\\.  is  necessary  in  mines  inaccetwiblo  to  tiio  li^ht  of  day,  th 
use  of  candles  or  lamps,  in  the  ordinary  way,  ban  been  frequently  dustnirtiTC  Ut  tb 
workmen.  It  had,  of  course!,  been  the  cause  of  ^rcat  misery  to  tiiem,  and  of  ea 
barrassment  to  the  proprietors  of  Uie  mines. 

1*270.  In  order  to  avoid  the  risk  attending  the  use  of  lamps  or  candles  in  mininc. 
^' steel  mill"  had  been  resorted  U»,  in  which  tlio  rapid  revolution  of  a  steel  wheel  afami 
m  flint,  was  made  to  produce  a  succession  of  sparkn,  and  of  course  a  feeble  light 
believe  tliat  tlie  security  afforded  by  Uiis  invention  was  imporfort,  and  the  light ii 
sufficient.  Explosions  have  been  more  frequent  in  tho  Kii<rli'<h  mines  (»f  late  veu 
probably  in  consequence  of  the  f^rcater  extent  an<l  ilrpth  to  wliirli  they  are  rxraratP 
While  under  Uie  painful  imprenxion  made  by  s(»nie  reront  catastrophes  of  this  natdi 
in  which  many  miners  had  been  been  killed  or  mutilated,  Sir  II.  l)avy  ox«*rted  hii 
self  to  discover  the  means  of  sustaining  flame  safely  within  explosive  iraMenns  mi 
turcs.  He  soon  ascertained  that  his  objeet  mi^ht  be  eflected  by  enrl«>siii|;  the  flsi 
in  a  cage  of  wire  gauze,  ho  as  to  allow  of  no  comniunieatioti  wiUi  the  surr«Mmdii 
roedimu.  which  does  not  take  place  tliroutrh  the  meshos  of  tho  ifauze     <>winc  <**< 


ing  yowm  of  tha  win,  ttw  raixtnTe  onnot  pui  thnmsh  the  mMhci  in  ■  atate  of 
biutioa.    Of  coWM  the  inflammation  ii  confined  within  the  wire  nnie. 
!t\.  Tk*  mothod  in  which  1  iUuMnta  iIm  opeTation  of  the  mfetj  lamp,  r 
J  conpnibonded  from  the  following  figure.    The  lamp  ii  aeen  within  a 

S;1aM  cylinder  npon  a  stool.  The  cy- 
inder  ii  oloaelj  corered  b;  a  lid, 
whicli  will  nat[tennit  ths  paaaage  of 
ail  between  it  and  the  cylinder,  and 
whicbii  ■>  light  ae  to  be  eanlj  blni 


p eaBljbl 

Excepting  tb*  cage  alladed  ti 
■bore,  Uie  tffeW  lamp  dr *" 


__.  /  fna  thoee  which  aia 

ordinarily  oied.  Hie  upper  aarftea 
of  the  tsceptB«le  fbr  the  oil,  fbrm 
the  bottom  of  ttw  cage,  which  ia  n 
cloMly  Stted  to  H,  ana  to  wall  cloaed 
arery  wbare,  aa  to  allow  air  to  hava 
accoM  to  the  flana  odIj  throngh  tba 
maihei  of  the  wira  game.  The  eaga 
■i  eneloiail  widiiB  thiae  iidd  nSi, 
■ormomited  by  a  «q),  to  which  a  ring 
for  faoUlng  tfia  lamp  ii  attaahed,  la 
■een  in  the  fiowa. 

127S.  If,  while  tha  lamp  iibnmiiig, 
u  raptcaented  in  tlie  firore,  hydro- 
gen,  ahher  pnra  or  caAorettad,  be 
allowed,  by  meana  of  the  pipe,  to  en- 
ter the  glaaa  cyHndn,  io  aa  to  fbnn 
with  the  ait  in  it  an  explsmva  nnx- 
tnra,  there  wiU  nevertlielan  be  ho 
ezploaion.  It  will  be  Rmnd  that  aa 
the  qnantity  of  inflannnable  ga>  in- 
creaaei,  the  flame  of  the  lamp  en- 
hrgea,  nntil  it  raaehee  the  win 
game ;  where  it  bnrna  more  or  ' — 


:ly,  accordingly  aa  the   inppljr 

noBphoric  air  is  greater  nr  lew. 
It  will,  under  thcso  c 


of  atmoBphi 
It  will,  ani 
often  appear 


a  if  the  combnstion 
It  on  increasing  the 

■rtioti  of  atmoapheric  air,  the  flame  will  gradually  contract,  and  finally  aettle 
the  wick,  which  will  burn  aa  at  first  when  the  supply  of  hydrogen  ceana. 

>3.  If  the  cage  be  remoTed  from  the  lamp,  and  the  eiperunont  repeated  in  aU 

:  rtapecla  aa  at  fint,  an  eiploeion  will  ensue,  as  aoon  u  a  sufficient  qnantity  of 

'ogan  ia  alJawed  to  enter  the  cylinder. 

Dculocarhohydrogcn^  or  Olcflanl  Gas,  called  also  Carbu- 

rcttcd  Ht/droiTcn,  and  Ilydrognret  of  Carbon. 
1274.  This  gas  received  its  name  in  consequence  of  its 
ng  condensed  with  chlorine  into  a  liquid,  having  an 
t^inous  consistency,  ahhongh  otherwise  unlike  an  oil. 
was  discovered  in  the  year  1706.     It  may  be  obtained 

so^ecting  a  mi.vture  of  five  parts  of  sulphuric  acid  witli 
e  of  alcohol  to  heat  in  a  glass  retort.  It  is  invisihle, 
d  possessee,  like  other  gases,  tlie  mechanical  properties 

atiiMq>hcnc  air.  Its  specific  gravity  is  0.9808.  When 
iwn  into  the  lung's  it  produces  asphyxia.  It  burns  with 
xt  splendour,  and  detonates  with  oxygen  with  such  vio- 
oe^.  that  without  some  precautions  it  is  dangerous  to 
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analyze  it  by  the  usual  processes.    I  have  had  sevoal  I 
eudiometers  broken  by  it,  but  have  latterly  aToided  thit 
accident,  by  exploding  the  mixture  in  a  rarefied  stabB^ 
into  which  it  is  easily  brought  in  some  of  the  instnimeoli 
which  I  employ. 

1275.  The  analysis  may  be  performed  in  the  Ydune- 
scope  for  analyzing  the  air  by  means  of  hydrogen,  with  t 
degree  of  accuracy  sufficient  for  the  purpose  of  iflsstra- 
tion.  Four  volumes  of  oxygen  should  he  added  to  one  of 
the  gas.  The  ignition  being  effected  as  already  described 
in  the  case  of  pure  hydrogen,  it  will  be  seen  that  dn  fm 
volumes  are  reauced  to  less  than  three,  and  that  fay  the 
introduction  of  lime-water,  these  three  may  be  reduced  to 
one  residual  volume  of  oxygen.  The  reason  why  the  re- 
sidual gas  is  less  than  three  volumes,  is,  that  the  carbonie 
acid  formed  is  partially  absorbed  by  the  water.  As  die 
gas  contains  in  one  volume,  two  volumes  of  hydrogen,  aad 
two  of  carbon  vapour,  it  will,  for  the  latter,  require  two 
volumes;  for  the  former,  one  volume  of  oxygen.  OfcoorBe 
the  hydrogen,  and  the  oxygen  which  combine  with  it,  will 
be  condensed;  so  that  after  the  explosion,  unless  so  fiur  as 
absorbed  by  the  water,  two  volumes  of  carbonic  acid  wiH 
remain  mingled  with  the  one  volume  of  oxygen  in  excess* 

Cf  certain  Ckueovs  Compounds  formed  by  igniting  the  Giucotu  EHements 
of  Water^  while  containing  Olefiant  Gas^  or  the  Vapour  of  Bikers,  or 
.  jSssential  Oils. 

1276.  I  observed  some  years  ago,  that  when  olefiant  gas  is  inflamed  with 
an  inadequate  supply  of  oxygen,  ciirbon  is  deposited,  so  copiously  as  to  reo* 
der  the  glass  receiver  of  the  eudiometer  iniper\Mou.s  to  light,  while  the  rcsull- 
ing  gas  occupies  double  the  space  of  the  mixtun'  before  explosion.  Of  tiw 
T  conceive  I  have  discovered  the  explanation,  ]^y  a  great  number  of  expe- 
riments, performed  with  the  aid  of  my  baromolcr-gauge  eudiometer,  I  haT* 
ascertained  that  if  during  the  explosion  of  tlio  gasoous  L'lernenls  of  »*atcr 
any  gaseous  or  volatile  inflammable  niatttT  Ix*  present,  instead  of  condensing 
there  will  l)e  a  permanent  gas  formed  by  the  union  of  the  naseenl  waier 
with  the  inflammable  matter.  Thus  two  volumes  of  oxyiiiui,  with  four  of 
hydrogen,  and  one  of  olefiant  gas,  give  six  volumes  ot*  )K?rniancnt  gw» 
w^hieh  burns  and  smells  like  light  carburetted  hydro«:eii.  The  same  quan« 
tity  of  the  pure  hydrogen  and  oxyiien,  with  half  a  vnlume  of  hydric  etbor, 
gives  on  the  avenige,  the  same  residue.  One  volume  of  the  new  hypooi- 
trous  ether,  under  like  circumstances,  pro<liic<Ml  live  vniumos  of  gas. 

1277.  An  analogous  prmluct  is  obtained  when  tlur  same  aqueous  cl^ 
ments  are  inflamed  in  the  presence  of  an  essential  oil.  With  oil  of  lurpeih 
tine  a  gas  was  obtained,  weighing,  |>er  hun<lred  cubic  inches,  H>-|*u  srrik 
which  is  nearly  the  jjnivily  of  light  carburetted  hydm^en.  The  n.is  i^ 
tained  from  olefiant  iras,  or  from  ether,  weiiiluMl  on  llie  averai^r,  int  ihi' 
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imc  bulky  1^*7^  grs*  The  olcfiant  gas  whicli  I  used,  weighed  per  hun- 
rcd  cubic  inches,  only  30^*^  grs.  Of  course,  if,  per  sc,  expanded  inlo  six 
olumes,  it  could  have  weighed  only  one-sixth  of  that  weight,  or  little  over 
ve  grams  per  hundred  cubic  inches.  There  can,  therefore,  be  no  doubt 
lat  the  gas  obtained  by  the  means  in  question  is  chiefly  constituted  of 
afer,  or  of  its  elements,  in  the  proportion  in  which  they  exist  in  that  liquid. 
ee  table,  page  189,  for  steam. 

1278.  The  gas  created  in  cither  of  the  modes  abovementioncd  does  not 
Mitain  carbonic  acid,  and  when  generated  from  defiant  gas,  appears  by 
nalysis  to  yield  the  same  quantity  of  carbon  and  hydrogen  as  that  gas 
Sbrds  before  expansion. 

1279.  Tliese  facts  point  out  a  source  of  error  in  experiments,  for  ana- 
jning  gaseous  mixtures  by  ignition  with  oxygen  or  hydrogen,  in  which 
he  consequent  condensation  is  appealed  to  as  a  basis  for  an  estimate.  It 
ipfjcars  that  the  resulting  water  may  form  new  products  with  certain  vola- 
ilizable  substances  which  may  be  present. 

12^^).  The  gas  obtained  by  passing  the  vapour  of  alcohol  through  an 
pnited  poixrelain  tube,  is  confounded  generally  with  that  which  results  from 
he  reaction  of  sulphuric  acid  with  alcohol,  as  above  described,  (1273,)  but 
^ual  volumes  of  the  gaseous  products  obtained,  the  two  processes  being 
uiaiyzed,  I  found  that  procured  by  ignition  to  have  only  condensed  half  as 
nuch  oxygen  as  the  other.  From  the  facts  above  stated,  that  the  presence 
>f  ik-ater  causes  a  union  between  its  elements,  and  those  of  the  carbon  and 
hydrc^n  of  carburets,  whether  in  the  form  of  vapour  or  gas,  it  may  be  in- 
Icrrcd  that  the  products  of  the  decomposition  of  alcohol  must  vary  accord- 
ingly as  it  may  be  more  or  loss  anhydrous.  The  alcohol  which  I  employed 
Nk^  of  the  specific  gravity  nearly  of  840°;  were  absolute  alcohol  subjected 
lu  tlK'  process  in  question,  a  ^as  containing  a  larger  proportion  of  carbon 
ijjighl  be  obtained.  (619,  125:i.) 

Experimental  Illustrations. 

1281.  Cork,  cotton-seed,  caoutchouc,  and  nuts,  intro- 
duced in  small  quantities  into  a  gun-barrel,  of  which  the 
butt-end  has  been  heated  to  a  bright  red-heat.  Brilliant 
jet  of  flame  proceeds  from  the  touch-hole.  Inflammation 
of  the  gas  extricated  by  distillation  from  oil  or  bituminous 
coal,  also  of  olefiant  gas.  ( )Iefiant  gas,  mixed  with  oxygen 
gas,  and  exploded  in  a  sliding-rod  eudiometer.  Residue 
renders  lime-water  milky. 

Of  C(is  I Ag filing. 

Iftft.  The  jrascous  compounds  of  carbon  and  Jiydrogon  have  been  much  applied  to 
^«  purpose  ol'  illumination. 

l5fc!3.  The  gii-s,  lor  this  purpose,  is  obtained  by  the  destructive  distillation  of  bitu- 
minous eoft),  oil,  or  resinous  substanies,  and  is  received  in  gasometers,  whence  it  is 
<iifthbiited  through  pipes  to  tho  burners.  (G17,  \2J'2.) 
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19B4.  Om  (f  the 


ud  lamp*,  u  the  nacMntj  of  {upea , 
cmiaten  to  all  BtoatitMa  wbtre  tlia  K|bt^ 
^e  oondeDMtion  of  tba  |H  into  •!•«■(  ■■ 
eoirfn,  bu  been  raaottad  te  in  order  to  ekt_ 

difficult;.    Thle  proceei  mr  be  iUuMnted  1^1 

of  tlie  •ppantm  deeoiibed  fat  llie  imnn^itfM 
wtter  with  cubonio  u:id,bate(  tniMS»d  tmimi^m 
•d  in  tba  adjoining  cat. 

ISB5.  It  iaonl;  nacawaiy  tn  •iiluocn  tbti^Hui- 
nicatioD  witb  tbs  aalT-regiuatiiig  n-icrvuir  uf  Hrtooii; 
acid  gaa,  Ibr  a  Hmilar  commimicaliiiD  wiUi  a  iBSTur 
of  olefiuit  fu}  and  tbe  coppervcuel  Inlor  ktn- 
haiHted  of  air,  to  cendenaa  tba  gu  inia  It,  lb  ij- 
pbon  naed  for  the  afiu  of  tha  uujji>.-giuiiid  MMr,  • 
replaead  b;  •  cock  and  tube,  tie  latter  '-— -"h«[ 
in  acapillarf  perforation,  llirough  ilii*,ih«pia>| 
lie  allowed  to  eaea^  in  a  prope;  quantit;  to  fn^m 
a  gM  ligbt  wben  influaed.  It  hsi,  howarBC,  tbwi 
•ppetna  to  me,  that  tha  expenti.-  of  coodaaMa^ai 
gaa,  and  of  procurii 
would  render  tbia  a 


itterlj,  Ibe 
.baa  bmn 
pioceea  nnprofitablo. 


O/mme  Tarietiai^  Carbohpdrvgm,  and  of  tke  Biearbmtl  ^  Bfln- 

gen. 

1287.  TetartocarbohvdrogcD,  bcxocarbohydn^n,  ai»)  bkariwiA  rf  by 
drograi  wen  at)  obtained  by  Mr.  Phraday  from  the  liquid  whick  ia  daaaMd 
from  oil  gas,  when  coDdenaed  into  vessels  under  great  pi«aaan  fcrtMf* 
poses  of  nluminalioD. 

1268.  Oq  aubjeclins  ihc  mailer,  deposited  as  above  described,  lo  a  nrr 
gentle  heal,  tetartocarbohydrogen  is  sepnrnled  in  the  forni  of  a  UUHpsim'i 
colourless,  inflammable  gas,  with  a  s)>ccifH:  [;nivity  of  1.1M44.  Wbu  cooW 
to  zero,  it  condenses  into  a  transparent  colourlcsn  liquid  of  ibc  specific  gi>- 
vily  of  0.627,  being  the  lightest  iii|uid  luiown. 

1289.  When  the  liquid  remoiuitjg  alkr  llic  extrication  of  ihc  ictaruap 
liohydrogen  is  licated,  va|)our  is  evolvtd,  and  the  builitij;  point  coDtiDintj 
rises  until  the  teiniiemturc  of  170^  'vi  nl(nini:ii.  liotwetn  this  icnipenniit 
and  lOU",  a  large  jMirtiuii  di»lils  in  ihi:  Ibrm  uf  n  lii[iiiJ.  When  JiisliquiJ 
is  cooled  to  zero,  it  separates  into  two  eoin|Hiiiiids,  one  uf  which  becoon 
solid,  while  the  other  continues  li(]uid.  Tlie  liquid  is  lln'  eompuund  whiel 
Dr.  Thomson  cnWa  hexacarbohytirogen,  llii>uf:li  Ltscnm{H>siiioD  docapolif 
pear  to  have  been  well  nsecrtniniii.  Il  is  intlnmiiiaMi',  snlublo  iaalrobol, 
and  boils  ni  17(i'.  Tin;  solid  com|H'0iid  is  \\\'.' hicarbnn-t  ofhydragn.  h 
is  ut  ordinary  tem[>i^rulurcs  a  culoiirli'ss,  I  mn^;  in  rent,  voliiiile  liquid,  wbkh 
boils  at  lH(i%  nnd  has  a  G|tucific  gravity  of  IK-^fl.  At  3-J^  it  crysulliMt 
and,  when  cooled  to  zero,  ac<|uim  a  cuusisteiicy  like  ihut  of  loaf  cugai.        | 

O/JraphlbaHnt. 

1200.  Niqihthallne  is  obtaiiieJiiy  subjccling  to  distillaiion  the  tarvM 

is  formed  <liiring  the  d<'comi)ositiqfl  of  biiuniinnus  <^hiI-     'ilie  first  pmducti 

u  re  an  III  Hill  i:t  water,  and  tli<'  ViqAl  ralliil  eoul  nuplilliu;  but  tuwunb  ik 

I'looc  uf  tlie  pruccas,  uii|>hllialiiio  il^  ubiuiiietl. 
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290«  Naphtind  white  crystaUlne  sulataiioe,  with  an  aromatic 

ill,  9ai  a  puiigeni  owgiooabie  taste. 

.291.  Tliere  are  other  compounds  of  carbon  and  hydrogen, — native 
ifatha  ftr  instanoe,  and  oil  of  turpentine.  The  aUnost  endless  Tariety  of 
rMWilial  oils  derived  from  vegetables,  consist  either  wholly  or  principal<* 
ifearbon  and  hydrc^en.  Of  some  of  these  I  shall  hereafter  briefly  treat; 
ndoe  them  all  would  be  inconsistent  with  the  limits  prescribed  to  this 
k. 

^ike  CompamuLs  formed  bp  I     b<m  with  CUorine  ami  Hffdrcgen. 

202.  It  has  already  been  stati  d  that  olefiant  |;aa  received  ila  name 
onaeqoence  of  its  being  conde  lible  with  chlonne  into  a  liqirid  cf  an 
^nous  consistency.  To  this  liquid  the  name  of  chlorio  ether  has  been 
roparly  given,  as  it  indicates  a  dependency  on  chloric  acid  for  its  ccm- 
ition  or  generation,  contrary  to  the  &cu  '  As  it  consials  of  two  atoms  of 
>rine  and  one  of  etherine,  a  more  appropriate  name  wodU  be  hiMcnne 
rr. 

120S.  Bichlorine  ether  is  limpid  and  colouriess  like  water,  has  a  pteasant 
eH,  and  an  agreeable  sweet  taste. 

294*  Chlorine  combines  with  several  other  of  the  polymeric  varieties  of 
inhydregen,  ibrming  with  them  compounds  of  diffioreot  properties,  b 
» produces  two  compounds  by  combining  with  the  bicarburet  of  hydro* 
;  one  solid,  the  other  liquid. 

COMPOUND  OF  CARBON  WITH  NITROGEN. 
Cf  Bicarburet  of  Nitrogen^  or  Cyanogen. 

1295.  Cyanogen  ranks  next  to  iodine  among  electro^ 
gative  bodies.  It  is  included  among  the  halogen  bodies 
Derzelius,  and  in  the  basacigen  class  by  me.  (625,  634.) 
iag  a  compound,  I  have  deferred  treating  of  it  ontil 
w. 

1296.  Preparation. — Cyanogen  is  obtained  by  subjecting 
re  and  dry  bicyanide  of  mercury  to  a  low  red-heat  in  a 
rcelain  or  coated  glass  retort  or  tube,  and  receiving  the 
)duct  over  mercury. 

1297.  Properties. — Cyanogen  is  a  colourleiss,  transpa- 
It,  irrespirable  gas,  which  painfully  affects  the  nose  and 
es,  and  has  a  strong  and  peculiar  odour.  Under  a  pres- 
re  of  four  atmospheres,  it  becomes  a  colourless  liquid, 
hter  than  water.  It  may  likewise  be  liquefied,  or  even 
lifified  by  cold.  It  is  characterized  by  burning  with  a 
autiful  violet  flame.  It  is  decomposed  by  the  electric 
aik,  or  by  an  incandescent  iron,  into  its  constituents,  car- 
0  nd  nitrogen.  Alcohol  dissolves  twenty-three  times, 
d  wHer  four  and  a  half  times  its  volume  of  cyanogen.  In 
)  come  of  a  few  days  the  soli^ns  become  discoloured, 
i  a  brawn  matter  is  depositedi    The  deposition  from  al- 
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cohol  has  been  found  to  contain  carbon  and  nitrogen. 
After  obtaining  cyanogen  from  the  bicyanide  of  mercury, 
a  black  residuum  is  found  in  tlie  retort,  which  has  been 
conceived  to  consist  of  carbon  with  a  lesser  proportioo  of 
nitrogen  than  exists  in  cyanogen;  but  of  late,  this  resi- 
duum, and  the  deposition  from  alcohol,  have  been  supposed 
to  be  isomeric  with  cyanogen. 

1298.  When  ignited  with  two  volumes  of  oxygen,  t  vo- 
lume of  cyanogen  is  converted  into  two  volumes  of  ctibo- 
nic  acid  and  one  of  nitrogen,  without  condensatioD.  Of 
course,  as  each  volume  of  carbonic  acid  requires  a  volume 
of  carbon  vapour,  there  must  exist  two  such  volumes  in 
one  of  cyanogen.  Hence,  as  in  the  case  of  carbon  and 
nitrogen  each  volume  represents  an  atom,  cyanogen  con- 
sists of 

two  atoms  of  carbon    =     12 

and  one  of  nitrogen      =     14 

and  its  equivalent  is  2G 

Cf  the  Nomenclature  of  the  Compounds  of  Cyanogen* 

1299.  When  Prussian  blue  is  digested  with  a  solution  of  {K>tash,  and  tbi* 
resulting  solution  is  filtered  while  hot,  yellow  crystals  arc  deposited  by  ro- 
frigeration,  called  ferroprussiate  or  ferrocyanat*?  of  pMash,  under  the  idea 
that  they  consist  of  an  acid  composed  of  iron,  oyaiio«ron,  and  hydrogrn,  in 
union  with  ttie  oxide  of  )X)tassium.  IV?r/<rIius  ctuisidcrs  th<'se  yellow  crys- 
tals  as  a  double  salt,  fonnrd  by  a  ^^  cyanure^''  of  in»iK  an-l  a  *•"  cyanun"  i.'\ 
potassium.  The  name  of  this  (iouhle  salt,  jiL^rccaMy  to  his  iiorm'iK'iaiun  . 
is  "  cyanure  ferroso-jMhinsique,^^  There  is  anuihcr  o«)in|M»und  cyntaiihiij 
the  same  elements,  in  which  the  proportion  of  cyanoirin  to  that  in  th»*  !lr>t 
mentioned  com|M)und,  is  as  li  to  1,  and  for  which  his  name  is  **cyanurt 
fcrrico-potassiqvc.^^ 

11300.  Th(*  existence  of  those  combinations  constitutes  one  instance  aiik^n? 
many,  in  which,  acconling  to  Herzeliii>,  two  <'oinjMUin(l<,  eai'h  haxiiij!  tlf. 
same  halogen  Ixxly  as  an  ingredient,  fonn  by  tipir  iiiii«»n  a  doulil--  >al!. 

1301.  AgnMi'ably  to  his  systt-m,  we  have  double  '*  rhlnruns^  hromurt*. 
fvontres,'*''  and  ** /w/z/re,'*,"  as  well  as  doultlr  »*  cf/(;//i/n  .v." 

1302.  Some  years  ai^o,  Honsilorf,  a  sluhul  anvl  >aja«in:is  ( I«  rman  •'li'- 
mist,  ass;iile«|  this  classitii'ati(»n  <»f  Her/ebus,  hv  sli«»\\ini:  that  M-nnMif  tti-" 
*^  chlorurt's''  of  the  doubb?  salts  exercis<'d  an  alkaline,  i.ib.  rs  un  acid  p.i-'- 
ti<»n,  with  veir<'table  eoloin-in!^  matter;  and  that  C'»n^' (j;i«n:ly  th»-  dwul-''  i 
"  cA/ori/n\?,"  so  called  bv  Uer/eliiis,  wen*  n  all\  siniid"-  salts,  in  whieh  ••»■'  J 
chh)nire  acted  the  part  of  an  acid,  the  otb«r  of  a  has.-.  .Mf-nly  on  (Vii- 
templatinii  the  facts  of  the  case,  as  stated  bv  rwr/.'  lui^,  \vitb"iit  ln\T..: 
any  kfiowled^c  of  U'ln^dorfs  exjKTinienl>  and  «'oneIii>.i.ins,  th'*  e. .nxh't.-a 
nn>se  in  my  mind  that  ibe  dowldi!  haloid  •-alr^,  of  ihaf  l'h  at  chemi^i.  x||.i:'i 
he  considen'd  as  compomided  of  acids  and  basr^.  I  raiujoi  »Mn«'«  j\o  winrr- 
fon*  lionsdorf  lhoui|:ht  it  ne<N-ssjiry  to  show  thai  the  inL'ndi»nts  of  a  d-ailv 
chlorure  should  be  capable  of  reacting  with  ml:«  table  c«»Iourin.:  maliir. 
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s  of  thw  vera  acid»  the  other  a  base,  in  order  to  prove  their  pieleiH 
•IS  aewemUy,  to  acidity  and  baaidity*  (629.)  It  appears  to  me,  that, 
oeptiagin  the  ease  of  the  alkalies  aod  alkaline  earths,  those  properties 
TO  nol  been  deened  essential  to  ozackb  and  ozibases,  uid  that  of  coarse 
ey  oqiiht  not  to  be  required  in  acids  or  bases  ibrmed  by  any  other  of  the 
sM^gen  class.  Agreeably  to  the  definiti<  of  acids  and  bases,  on  which 
i  ttmdgai  dasafication  is  founded,  (6*  »  6S3,)  the  "qfoiitfre^  of  iron 
log  electro-negative  as  contrasted  with  **  eyamur^*  of  potassiuDi,  the 
e  must  be  deemed  a  cyanobaae,  I  o  r  a  cyanacid« 
1803.  It  bos  been  mentxKied  thi  oy  British  sod  French  diemists  the 
■unatinn  in  ide  was  made  to  ind  &  ocnnpoand  formed  by  a  strnporter 
oombiisdon  with  a  combustible  or  ^  while  the  termination  m  wrH 

ares  was  employed  to  desigpa  a  <  pound  ibrmed  of  two  radicals. 
le  diflerenoe  in  tbe  practice  of  tl  two  loob  arose  fixm  the  entension 
the  dasa  of  supporters  by  the  cna  of  Great  Britain  to  the  simjde 
k>gen  eleoMots  of  Berzelius,  wh:  3,  according  to  those  of  France,  oxygen 
IS  the  only  supporter,  all  the  otner  dements  being  combustibles  <nr  raidi- 
Js.  (685i,dM%)  Hoioe,  according  to  tbe  latter,  only  the  compounds  formed 
J  oiygea  have  been  distinguished  by  tbe  termination  in  ide  as  in  oxide; 
'iile^  according  to  the  former,  in  addition  to  those  formed  with  oxygen,  we 
:ve  such  as  are  formed  by  chlorine,  bromine,  iodine,  and  fluorine,  distia- 
iibed  by  the  termination  in  ide,  as  has  been  abeady,  to  a  certain  extent, 
phuned.  (685.) 

1904.  By  Beradius  the  termination  in  ide  is  (miy  resorted  to  where  the 
iical  is  an  deetro-negative  body;  or,  in  other  words,  a  body  of  whkdi 
i  oxides  go  to  die  positive  pde.  When  the  radwal  is  one  df  those  bo- 
2s  which,  when  oxydized,  go  to  the  n^;ative  pole,  the  termination  in  ure  is 
sorted  lo.  I  object  to  this  complicated  noroendature,  as  founded  on  the 
Tor  of  not  allowing  those  characteristics  of  acids  and  bases  which  have 
en  acted  upon  by  chemists  in  general,  and  by  Berxelius  himself  in  the 
se  of  oxacids  and  oxi  bases,  to  extend  to  the  binary  compounds  formed  by 
9  bodies  of  the  halogen  class. 

1305.  I  consider  the  yellow  salt  in  question,  as  consisting  of  a  cyanacid 
otaining  an  atom  of  cyanogen  and  an  atom  of  iron,  and  which  I  would 
II  efmnoferrouM  acid,  unit^  to  a  cyanobase  of  potassium,  consisting  of 
e  atom  of  cyanogen,  and  one  atom  of  potassium,  and  forming  a  cyano- 
rnU  rf  poiassiunu  The  double  salt,  consisting  of  the  same  elements, 
it  containing  both  in  the  acid  and  base>  half  an  atom  more  of  cyanogen, 
iould,  by  analogy  with  the  oxacids,  have  its  acid  distinguished  by  the 
ime  of  eyanoftrric  acidy  and  should  itself  be  called  eyanofetrate  cf  pth 

Of  Cyanic,  Cyanvric,  and  Fvlndnic  Adda* 

1906.  An  atom  of  cyanogen,  combined  with  an  atom  of  oxygen,  forms 
aeid^  which  may  te  obtained  in  union  with  potash,  by  igniting 
of  manganese  with  ferroprussiate  of  potash,  or  cyanoferrite  of 
;  being  the  salt  alluded  to  above,  as  consistmg  of  cyanogen,  iron, 
m.  Tbe  cyanogen  and  potassium  are  converted,  by  the  excess 
in  the  manganese,  into  cyanic  acid  and  potash,  which  unite, 
rwwaeyanate  of  potash.  Cyanic  acid  cannot,  however,  be  obtained 
oni  tM  cyanates,  io  consequence  of  its  extreme  susceptibility  of  decom- 


1M7.  A  crystalline  substance  may  be  procured  from  human  urine,  which 
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it  known  by  the  name  of  urea.  It  oo  i  of  boo,  i  iO|ai,  os/gm, 
and  hydrofpBn,  in  the  proportion  to  form  one  anm  m' cyanic  acM),  imitHPM 
of  ammonia,  and  one  atom  of  water.  When  urea  is  sutgeded  to  hali 
ammonia  escapes,  and  an  add  remains,  which  was  supposed  to  coviisf 
one  atom  of  cyanooen,  and  two  atoms  of  oxygen.  But  it  has  been  unjuili 
asoerteined  by  Wohler  and  Liebiff,  that  it  consists  of  the  elements  of  eyaai 
add,  chemically  united  to  the  dements  of  water;  an  atom  of  bydroga^ 
and  an  additional  atom  of  oxygen,  enterins  into  its  compodtioii,  not  is 
water,  but  as  essential  constituents.  Under  mese  impressions,  a  new  bsm^ 
ejfamniCf  was  given  to  it  This  add  is  solid,  fixed,  inodorous,  and  asiriy 
tasteless.  By  combining  with  two  atoms  of  water,  as  water  of  crjrtrifai- 
tioo,  it  becomes  capable  of  fonning  large  crystals. 

1806.  Wfam  anhydrous  cyanuric  add  is  exposed,  in  a  ^ass  reloi||lo  a 
lowred-heat,  the  eartricated  vapours  bdng  coUecled  in  a  reodverrefn|MlBd 
by  a  fireeon|(  mixture,  hydrous  cyanic  add  is  obtained.  TUs  asdi  aai 
cyanuric  aod  consist  of  the  same  elements  in  the  same  proportioni  Ist 
possess  difibrent  properties  and  atomic  weights.  Hydrous  cyanicaddiia 
colourless,  volatile  hquid,  possessing  a  penetrating  odour  resembling  dnt 
of  acetic  addi^  It  vesicates  the  skin  when  applied  to  it,  exdting  inteais 
pain.  Its  vapour  reddens  litmus  paper,  is  inflammable,  and  so  pungeal  is 
to  produce  tears,  and  cause  severe  pain  in  the  bands.  Cyanuric  add  is 
comparativdv  inert  in  these  respects,  but  is  far  less  susoepdUe  of 
position;  as  it  is  not  decomposed  by  solution  in  boiling  nitric  or 
acid,  while  hydrous  cyanic  add  is  decomposed  by  the  addition  of 

1809.  Hydrous  cyanic  acid,  at  the  ordinary  temperature  of  the 
taneously  undergoes  an  explodve  decompodtion,  attended  by  an 
of  heat,  and  is  converted  mto  a  solid  mass  of  dazzling  whjli^anss 
mass  consists  of  a  variety  of  cyanuric  add,  which  difiers  fitxn  that 
described,  in  being  insoluble  m  water  or  nitric  add,  and  in  beiny 
posed  by  sulphuric  add.    It  is,  therefore,  to  be  considered  as 
case  of  isomerism.  (1 1 58). 

1310.  It  is  remarkable  that,  although  cyanuric  acid  consists  of  the 
elements  in  the  same  proportion  as  hydrous  cyanic  acid,  it  canies  the  hy- 
drogen and  oxygen  which  exist  in  it  in  the  proportion  to  form  water,  into 
every  combination  which  it  forms ;  while  the  hydrous  cyank  add,  in  com- 
bining with  bases,  separates  from  the  water,  which  must  be  considered, 
when  in  union  with  this  acid,  as  acting  as  a  base. 

1311.  To  bodies  which,  although  they  contain  the  same  elements  ia  the 
same  ratio,  yet  hold  them  diflcrcntly  associated,  so  that  in  reacting  with 
other  agents,  they  arc  resolved  into,  or  form  compounds  ditlcring  ia  eom- 
position,  the  term  metameric  has  been  applied.  Thus  hydrous  cyanic,  snl 
cyanuric  acid  arc  said  to  be  metameric  with  regard  to  each  other. 

1312.  Another  compound  of  cyanogen  with  oxygon  exists  in  the  fiilni* 
nating  mercury  of  Howard,  and  the  analogous  fulminating  silver  of  Deseo- 
tils.  Lichig  ascertained  these  compoundis  to  contain  an  acid  common  lo 
both,  which  he  called  yi//sitfitr  acid^  but  which,  agreeably  to  the  analjsii 
made  by  him  and  Gay  Lussac,  was  identified  in  com|H)8ition  with  cyanie 
acid.  Yet,  as  the  latter  would  not  product^  fulminating  rompoimds,  and 
differed  in  its  other  pn>perties,  ihe»^  acids  have  been  (considered  n.s  aflbrd- 
ing  another  instance  of  isomerism.  Mr.  Ivlniund  Davy,  however,  allq^ 
the  existence  of  hydrogen  in  fulminic  acid,  and  likcwist^  that  the  nitrogm 
exists  in  excess,  beyoncl  lh<j  pro|K)rtion  appropriate  to  cyanogen. 

1 31 3.  Fulminic  ncid  is  a  coloiirh^*),  trnn<Q)>arent,  volatile  liquid,  whirb 
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s  litmus,  and  produces  a  taste  at  first  sweet,  but  aAerwards  astringent 
sagreeable.  Its  fumes  have  a  pungent  and  disagreeable  odour,  and 
;e  headach  when  incautiously  inhaled. 

4.  Besides  these  acids,  M.  Liebig  has  recently  discovered  another, 
is  polymeric  with  regard  to  cyanuric  acid;  as  it  consists  of  the  same 
ts  in  the  same  ratio,  though  twice  as  much  of  each  enters  into  the 
sition  of  an  atom. 

Of  tJie  Chlorides,  Bromides,  and  Iodides  of  Cyanogen. 

5.  Chlorine  forms  two  compounds  with  cyanogen,  a  protochloride 
perchloride.  The  protochloride  is  a  colourless,' fetid  gas,  which  may 
lefied,  and  even  solidified  by  cold.  In  common  with  several  other 
jnds  of  cyanogen,  it  possesses,  even  when  gaseous,  the  singular  pro- 
>f  producing  pain  by  contact  with  the  skin.  The  perchloride  is  a 
crystalline  substance,  with  an  odour  resembling  that  of  mice. 

6.  Bromine  and  iodine  both  form  with  cyanogen,  crystallme  com- 
s.    The  chlorides  and  bromides  of  cyanogen  are  energetic  poisons. 

Of  Stdphocyanogetu 

U  It  has  been  stated  that  the  yellow  salt,  usually  known  as  ferro- 
le  of  potash,  is  by  Berzelius  considered,  when  free  from  water,  as 
iog  of  cyanogen,  iron,  and  potassium;  also  that  I  consider  it  as  a 
errite  of  the  cyanobase  of  potassium.  When  this  salt,  desiccated  to 
icciioe  and  finely  pulverized,  is  mingled  with  flowers  of  sulphur,  and 
d  to  a  red-heat  in  a  porcelain  crucible,  the  iron  is  displaced;  the  sul- 
ind  cyanc^en  uniting,  form  a  compound  called  sulphocyanosen,  and 
liting  with  the  potassium,  constitutes  a  sulphocyanide.  (1302)) 

8.  SuJpbocyanog(m  has  been  isolated  by  passing  chlorine  through  a 
•n  of  sulphocyanide  of  potassium,  or  by  subjecting  that  compound  to 
acid.  Sulphocyanogcn  has  some  pretensions  to  be  classed  with  the 
n,  and  of  course  with  the  basacigen  bodies. 

9.  The  intense  blcx)d-rcd  colour  which  it  produces  with  iron,  is  the 
triking  pro[)crty  of  sulphocyanogcn,  and  has  led  to  the  impression 
e  sulphocyanide  of  iron  may  be  the  colouring  matter  of  the  blo^d. 

0.  Sulphocyanogrn  is  solid,  insoluble  in  water  or  alcohol,  and  may, 
inhydrous  state,  be  sublimed  without  change.  It  is  composed  of  one 
)f  cyanogtMi,  and  two  atoms  of  sulphur. 

1.  Dr.  Thomson  states  that  another  compound  of  sulphur  and  cyano- 
cists,  containing  one  atom  of  sulphur  and  two  atoms  of  cyanogen, 
ompound  may  l>c  obtained  in  transparent  colourless  crj^stals.  It  is 
J,  possesses  a  strong  smell,  and  is  solublo  in  water.  When  applied 
tongue,  even  in  a  minute  quantity,  it  produces  intense  pain;  and  the 
uched  remains  red  and  painful  for  some  time. 

Of  Sulphocyanhydric  Acid, 

S.  This  acid  may  \)c  obtained  from  a  solution  of  the  sulphocyanide 
tttnim,  by  the  addition  of  phosphoric  acid.  Water  is  decomposed, 
:ygai  unites  with  tlu;  potassium,  forming  potash,  with  which  the  phos- 
;  aai  combines,  and  the  hydrogen  with  the  sulphocyanogcn,  forming 
jcyanbydric  acid,  which  may  be  separated  by  distillation.  This  acid 
id  and  colourless,  has  an  acid  taste,  and  powerful  odour.    It  becomes 
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nlU  at  14%  and  bnli  at  316°.    It  u  oompoaed  tit  om  atom  oTa^pte 
cyanogen,  aM  cne  Mntn  of  hydrogen. 

Of  Cyanhydric  or  Prussie  Acid. 

1323.  One  atom  of  cyanogen,  equivalenl  26,  with 
atom  of  hydrogen,  equivalent  1,  fonns  one  atom  of 
hydric  acid,  equivalent  27. 

1324.  This  acid  has  been  detected  in  water 
from  bitter  ahnonds  and  from  laurel  leaves,  also, 
peach  leaves  or  blossrans.  Between  the  odour  of  tbero, 
and  that  of  the  acid  when  dilute,  it  would  be  difBcult  lo 
disciiminate. 

1325.  Laurel  water  has  long  been  known  a: 
Water  distilled  from  peach  leaves  has  been  used  to 
an  agreeable  flavour  to  food.  Some  peacli  tcaf  wataJ 
prepared  by  Mr.  Wetherill,  gave  indications  orrvatihyrfrie 
acid,  by  producing  a  blue  colour  with  a  solulinn  ot'irun. 

1326.  There  have  been  instances  in  whicli  iioycau,  a 
cordial  made  from  the  kernels  of  bitter  almntids,  liai 
proved  poiBonous  from  the  presence  of  cyanliydric  acid. 

1327.  There  is  a  salt  consisting  of  two  atoms  of  cyano- 
gen and  one  of  mercury,  called  bicyanide  of  mercun. 
When  this  salt  is  subjected  to  the  action  of  chlorohydric 
acid,  the  chlorine  forms  a  chloride  with  the  cicrcury,  nlule 
the  hydr(wen  forms  cyanhydric  acid  with  the  c}  anogen. 

1328.  It  may  be  more  convenifintly  obtained  by  impng- 
oating  with  sulphydric  acid,  a  solution  containiiw  sixty 
grains  of  bicyanide  of  mercury  for  every  ounce  of  water. 
The  hydrogen  unites  with  the  cyanogen,  Avhilc  the  sulphur' 
precipitates  with  the  metal.  Any  excess  of  the  sulphydric 
acid  is  easily  removed  by  the  carbonate  of  lead.  Hm 
apparatus  for  impregnation  with  sulpliydric  acid,  has  beeo 
described  already.  (797-8.) 

1329.  The  acid  may  be  procured  in  its  most  CODCSB- 
trated  form,  by  exposing  the  bicyanide  in  crystals,  in  i 
tube,  to  sulphydric  acid  gas,  and  employing  a  receiver, 
surrounded  by  salt  and  snow,  to  condense  the  vapoar 
evolved. 

1330.  In  performing  this  process,  I  found  great  diffiail? 
to  arise  from  the  inability  of  the  operator  to  regulate  thi 
quantity  of  gas  introduced  into  the  tube,  so  that,  od  the 
one  hand,  there  might  be  no  absor|}tion  of  atnios|Acric 
air,  and,  on  the  other,  no  excess  of  the  gas  escaping,  awl 
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jueDtly  causing  a  loss  of  materials,  and  annoyance 
bystanders.    This  difficulty  is  in  great  measure  re- 
if  by  means  of  the  apparatus  of  which  an  engraving 
ascription  is  subjoin^. 

J^pmrmlMsfor  the  EvoimtUm  vf  CyoHkydne  or  FruMtie  Md. 


jet  a  tube,  throe-fourthi  of  an  inch  in  bore  and  tbont  two  ftet  in  lenffth,  be 
igfat  engleey  it  about  liz  inches  diitance  from  one  end.  Let  the  eborter 
)  dnwD  out  into  a  tapering  form,  with  a  bore  not  exceeding  a  tenth  of  in 
iameler.  Upon  the  larger  orifice  let  a  braM  band  be  cemented,  in  which  a 
;rew  hae  been  cut,  to  that  a  gtaffing.boz,  fnmiihed  with  a  eoneeponding 
>w,  maj  be  eeaily  fastened  air-tight  to  the  iMnd.  or  remored  when  deaixible. 
tiU  Btiiflfa^g4)ox  an  iron  rod  pames,  flattened  like  an  oar  at  the  end,  which 
the  tube  imn  the  staffing-box  is  in  its  place.  There  mnet  likewise  be  a 
MTtnre  in  the  band  communicating  with  the  cavitj  of  the  tube,  and  fnr- 
ith  a  fallows  screw.  The  main  body  of  the  tube  la  to  be  situated  nearly 
a  little  inclined  towards  the  curvature,  so  that  the  tapering  extremity  may 
learly  perpendicularly  into  a  tall  narrow  phial,  surrounded  by  a  fireezing 
The  horizontal  portion  of  the  tube  near  the  bend  should  likewise  be  re- 
The  apparatus  being  thus  arranged,  introduce  a  sufficient  quantity  of 
inide  of  mercury  into  the  tube,  and  close  it  by  inserting  the  stuffing-box 
>d.  In  the  next  place,  by  means  of  the  gallows  screw,  make  a  communi- 
ween  the  cavity  of  the  tube,  and  a  self-regulating  reservoir  of  snlphydric 
is  ffas  must  be  allowed  to  pass  into  the  tube  very  slowly,  and  meanwhilci 
or  the  rod,  the  bicyanido  is  to  be  stirred.  Before  long  a  portion  of  the  cy. 
acid  will  be  seeo  in  Uie  narrow  part  of  the  tube.  This  serves  to  regulate 
ision  of  the  sulphydric  acid,  since,  when  the  quantity  passing  into  the  tube 
nte,  the  liquid  will  rise  in  the  tube;  when  too  gjeat,  it  will  be  expelled 
By  these  means,  afler  a  little  while,  all  the  bic^anide  will  be  decomposed, 
responding  quantity  of  acid  collected  in  the  refrigerated  phial. 
lince  tiiis  figure  was  engraved,  I  have  found  it  preferable  to  have  a  phial 
1  a  bottom  tapering  to  a  point,  so  that  the  quantity  of  acid,  however  minute, 
ippercnt ;  and  it  is  sooner  rendered  competent  to  act  as  an  index  of  the  pro- 
be process^  so  as  to  regulate  the  quantity  of  sas  to  be  allowed  to  enter  the 
has  also  been  found  advantageous  to  mix  Uie  bicyanide  intimately  with 
;e  its  bulk  of  glass,  powdered  to  the  consistency  of  coarse  sand. 

New  Process  for  Liquid  Cyanhydric  Acid* 

The  following  process  for  procuring  prussic  acid,  is  recommended 
iwr  Everitt.* 

Kmt  every  212  grains  of  fcrroprussiate  of  potash  (cyanoferrite  of 
■^  Id  2  ounces  of  water  introduced  into  a  retort,  add  as  much  sul- 

on  and  Edinburg  Philosophical  Magazine,  vol.  6,  p.  100. 
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phuric  add  as  may  be  equivalent  to  120  graiiis  of  the  aoh:  drous  acii; 
diatilliiig  the  mixture,  let  the  vapour  pass  into  a  pint  of  kwJngerated  valert 
boldinff  255  grains  of  nitrate  of  silver.  The  resulting  precipitals  taof 
washed  and  dried,  should  constitute  nearly  201  grains  of  mercurial 
Of  this  let  40  grains  be  introduced  into  7  fluid  ounces,  and  20  miiwas  if 
water;  and  add  40  minims  of  chlorohydric  acid,  of  specific  gravity  oTl-lMl 
The  whole  being  well  secured  in  a  stoppered  bottle,  and  ag&ted  repgatafci 
should  be  allowed  to  rest  until  the  resulting  chloride  of  silver  subsides,  k 
the  solution  thus  obtained,  when  carefully  decanted,  there  will  be 
of  prussic  add  (more  prqterly  called  cyanhydric  acid,)  fiir 
ounce  of  water. 

18S5.  Should  there  be  a  little  excess  of  chlorohydric  add,  n|^nwJilj  It 
Professor  Everitt's  observation,  confirmed  by  those  of  others,  h  w9  tad 
rather  to  preserve,  than  to  decompose  the  acid. 


1336.  Properties  of  Cyanhydric  Acid. — ^lliis  acid  ii 
colourless  liquid,  which  emits  a  powerful  odour,  refwrinlii^|| 
that  of  peach  blossoms.    When  perfectly  free  (rom  wi 
it  is  far  more  yolatile  thau  ether,  as  it  boils  at  79^  F., 
evaporates  so  rapidly,  that  one  portion  becomes  firosen  hf 
the  loss  of  the  caloric  which  the  other  absorbs  in  pasawg 
into  the  aSriform  state.    Its  specific  gravity  is  0.7056^  b^ 
ing  nearly  the  same  as  that  ot  sulphuric  ether. 

1337.  Anhydrous  cyanhydric  acid  is  sometimes  dBOom- 
posed  in  a  few  hours,  especiaUy  if  not  protected  finom  the 
ti^ht,  and  can  never  be  preserved  longer  than  a  fbrtaiigfat 
Either  when  in  the  state  of  a  liquid,  or  vapour,  this  acid 
is  probably  the  most  active  poison  known.  The  applica- 
tion of  a  few  drops  to  the  arm  of  a  man  has  proauced 
death,  and  its  fumes  are  equally  deleterious  when  inspired. 
As  when  free  from  water,  this  acid  boils  at  79%  nearly  20^ 
below  the  temperature  of  the  blood,  it  must  be  converted 
into  vapour  too  soon  to  produce  its  full  effect.  From  a 
cavity  like  the  ear,  the  pure  acid  must  l)c  ejected  in  vapour 
immediately.  I  am,  therefore,  under  the  impression  that  j 
it  is  less  effectual  as  a  poison  when  anhydrous,  than  wInb  j 
combined  with  a  minute  pro{)ortion  of  water. 

1338.  Upon  one  occasion,  touching  the  ear  of  a  rat  con- 
fined in  a  glass  jar  with  a  drop  of  the  anhydrous  acid,  tbs 
animal,  bcmg  obliged  to  breathe  the  va|>our,  died  instants* 
ncously  with  a  slight  sneezing.  Yet  upon  another  occi* 
sion  nearly  half  a  drachm  was  injected  into  the  ear  oft 
large  dog,  without  causing  death ;  a  like  quantity,  subse- 
quently injected  into  his  nose,  provod  fatal.  Tlie  acid 
ployed  was  so  pure  as  to  freeze  by  its  own  cva|)oratioQ> 
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1399.  The  best  ODtidotes  for  this  poison  are  chlorine  or 
Qinooia,  in  dilute  aqueous  sohition,  especially  chlorine. 
13401  C^anfaydric  acid  is  sometimes  empk^ed  in  medi* 
De,  though  in  very  small  doses,  and  in  a  Tery  diluted 
ite. 

1341.  It  has  been  proposed  to  detect  cyanhydric  acid, 
cases  in  which  it  may  have  been  employed  in  poisoning, 

subjecting  the  stomach  and  its  contents  to  distillation 
th  water,  and  testing  the  liquid  product  by  copper  or 
n. 

1342.  I  should  place  much  reliance  oa  the  characteristic 
lell  of  the  acid,  which  is  that  of  peach  Uossoms,  and 
lich  may  be  perceived,  not  only  m>m  the  presence  of 
d  acid,  but  likewise  from  that  of  any  of  the  cyanides,  if 
bjeeted  to  the  action  of  chlorohydric  acid. 

Experimental  IllustraHons. 

1343.  The  processes  for  the  production  both  of  the 
ueous  and  anhydrous  cyanhydric  acid,  exhibited;  also, 
9  congdatioii  of  the  latter  by  the  cold  arising  from  its 
m  eYmporation. 


SECTION   V. 

OF  BORON. 

1344.  Preparation. — By  the  addition  of  sulphuric  acid 
a  saturated  solution  of  biborate  of  soda  (borax)  in  wa- 
rt shining  crystalline  plates  are  precipitated,  consisting  of 
)iic  acid.  From  these  crystals  boron  may  be  obtained, 
Aer  by  the  action  of  a  powerful  Voltaic  series,  or  by 
rat  vitrifying  them,  then  finely  pulverizing  the  resulting 
ia£M,  and  after\%ards  heating  the  acid  thus  prepared  in 
DOtact  with  potassium. 

1345.  Boron  may  be  obtained  by  means  of  the  appa- 
itus  employed  for  the  evolution  of  siUcon,  (1355,  &c. 
357,  lie.)  substituting  fluoboric  acid  gas  for  fluosilicic 
wdg»s. 

1346.  Properties. — Boron  is  of  a  dark  oHve  colour,  taste- 
B0y  inodorous,  a  no];i-conductor  of  electricity,  and  insolu- 
e  dtber  in  alcohol,  ether,  or  the  oils.    Its  atomic  weight 

22 
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ig  11.  It  is  susceptible  neither  of  fusion  nor  yolatilizatioii. 
When  heated  in  the  air  to  600''  F,  it  takes  fire,  and,  by 
uniting  with  oxygen,  generates  boric  acid.  NeTerthdes 
only  a  portion  of  the  boron  is  oxydized,  the  remainder 
being  protected  by  a  crust  of  fused  boric  acid.  If  tlw 
crust  be  removed  by  water,  the  boron  will  be  found  tp 
have  undergone  a  chance  similar  to  that  produced  in  cha^ 
coal  by  an  intensely  ni^h  temperature.  It  is  rendered 
harder,  more  difilcult  to  ignite,  and  so  much  denser,  that, 
although  its  specific  gravity  was  before  only  1.83,  it  now ' 
sinks  rapidly  in  sulphuric  acid  of  the  specific  gravitj  of 
1.844.  Before  it  has  been  ignited,  boron  is  slightly  ado- 
ble  in  water;  and  its  solution,  when  evaporated  to  a  cer- 
tain point,  forms  a  gelatinous  mass,  which,  by  complele 
desiccation,  becomes  opaque,  and  assumes  the  usual  ap- 
pearance of  boron. 

COMPOUND  OF  BORON  WITH  OXYGEN. 
OfBaric^  or  Boracic  Add. 

1347.  The  means  of  procuring  this  acid  have  been  men- 
tioned in  describing  the  process  for  obtaining  boron.  Bo- 
rax is  a  biborate  of  soda,  from  which  boric  acid  may  be 
liberated  in  crystals,  as  above  described,  by  the  superior 
affinity  of  sulphuric  acid  for  the  soda. 

1348.  Properties. — Boric  acid  is  crystalline  as  first  ob- 
tained from  borax,  but  forms  a  glass  when  deprived  by 
heat  of  its  water  of  crystallization.    It  is  colourless,  in- 
odorous, almost  tasteless,  and  sparingly  soluble  in  water- 
In  the  form  of  an  aqueous  solution,  its  agency  is  weak, 
and  it  is  in  consequence  rarely  used  in  that  state.    In  com' 
mon  with  silicic,  phosphoric,  and  arsenic  acid,  being  fixed 
at  temperatures  at  which  sulphuric  and  nitric  acid  are  de- 
composed, it  will  at  those  heats  expel   them  from  their 
combinations;   although,  when  water  is   present,  and  at 
low  temperatures,  it  is  displaced   from  combination  not 
only  by  those  acids,  but  by  many  others,     it  consists  of 
one  atom  of  boron,  and  three  of  oxygen. 

1349.  Boron,  in  its  habitudes,  seems  to  lie  between 
phosphorus  and  carbon.    In  its  insusceptibility  of  volatili^ 

*  I  tLgree  with  tho  French  chomifU  and  Bencliiu^  in  oniplojrini^  iho  word  htric 
iniieftd  of  bormeie,  as  moro  naturally  ^noratijd  from  boron,  by  analotry  with  the  oUmt 
acidf  formed  with  ndicala,  to  the  Uft  kttor  of  which  the  lottcn  ic  are  usuallj 
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tion,  infusibility,  and  the  temperature  requisite  for  its 
mbustion,  it  is  most  allied  to  carbon;  yet  boric  acid  is 
)re  analogous  to  phosphoric  than  to  carbonic  acid. 
>tb  phosphoric  and  boric  acid  are  capable  of  being  re- 
ced  to  a  vitreous  state,  and  bear  a  white-heat  wimout 
ns  volatilized;  while  the  acid  of  carbon  is  naturally 
-ilonn. 

1350.  Boric  acid  and  the  biborate  of  soda  are  of  ^reat 
)  in  blowpipe  assays,  as  fluxes,  and  in  soldering,  as  the 
ans  of  protecting  metallic  surfaces  from  oxidation. 

Experimental  lUustrations* 

1351.  Saturated  solution  of  borax,  decomposed  by  sul- 
aric  add.  Exhibition  of  ciystals  of  the  acid  and  of  the 
Kirate,  which  arc  severalty  fused  into  a  glass  by  the 
npound  blowpipe.  Efiects  of  cobalt  and  manganese 
Ml  the  colour  of  the  glass,  of  which  a  globule  is  c<mve- 
ntly  supported  by  a  platinum  wire. 

Of  Chloride  rf  Boron. 

1352.  The  chkmde  of  boron  may  be  obtained  by  the  oombustioD  of  boron 
chlorine;  or  by  passing  a  current  of  chlorine  over  a  mixture  of  chaiooal 
i  boric  acid,  beatcd  to  redness  in  a  porcelain  tube. 

1353.  The  chloride  of  boron  is  a  colourless  gas,  possessing  a  strong  and 
:uliar  smell.  When  brought  in  contact  with  water,  a  reciprocal  deoom- 
iitioD  takes  place,  and  boric  and  chlorohydric  acid  result.  It  forms  a 
ite  salt  with  ammonia,  and  is  by  some  chemists  considerech  as  an  acid. 


SECTION  VL 

OF  SILICON. 

1354.  Preparation. — By  heating  sulphuric  acid  with  a 
ixture  of  powdered  Derbyshire  spar,  and  powdered  glass, 
'  quartz,  a  permanent  gas  may  be  obtained.  When  po- 
scdom  is  heated  in  this  gas,  silicon  is  evolved. 

^fftntuM  far  etoMMg  Silicon  from  FluosUicic  Add  Gob  by  metms  of  Potassium, 

13501  This  apparatus  is  represented  by  the  opposite  engraving;.  Into  a  stout  ma- 
mrUock  as  a  basis^  two  iron  rods,  A  A,  are  so  planted  as  to  extend  perpendicu- 
7»  aai  of  course  parallel  to  each  other,  about  two  feet  in 'height  Upon  these 
■tVoiMi  bars  are  supported  horizontally,  one  B,  near  their  upper  extremities. 
I  •thar,  ai  tbo  height  of  about  six  inches  from  the  wooden  basis,  in  the  centre  of 
'  iMrwbtr,  there  is  a  screw,  D,  having  a  handle  below  the  bar,  and  supporting 
f  it  ftcbeiilar  wooden  block.  Into  a  hole  in  the  upper  iron  bar,  equidistant  from 
iidPi  ii  iamrted  a  hdlow  brass  cylinder,  C,  which  at  the  lower  end  screws  into 
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ui  kporturo  in  a  oireutar  iiUm  of  lirnn,  R,  wliicli  i<  thiu  ■uroortod 
Tew  bwhiM  tdow  tliP  bat.  By  tli">i"  iiinmiiii.  tmiii  li  nllomrf  for  tha  inmruai 
lliK  cylinder  of  torn  vslvn  rockn,  cnch  UiiniKhnA  with  ■  ^llowi  anvw.  Tha  C7I 
U  iiiirniciuiitcd  by  a  aliilliiiL;'!i<>i.  V,  lliniii^'li  which  a  puppcr  atidiiu-roil,  O,  i 
air-Ilfbt.  Tho  lm*ii  [>Uu>  >■  liitiitcl  aiid  )rround  lu  lit  >  boll  g!su  <4'»oat  li*a  li 
indiiaQiBtor.BiidaislitineliMiiiibiiighl,  witieh  m  ptoMid  up  whoa  IMMMH7M 
llin  pUu  nnil  lh«  liloclt.  bjr  Iho  tcicw,  D,  aupportin^  Iho  block.  Within  Um 
eomprwrd  by  Uit>  licll  bIm*,  and  on  one  lida  of  lli«  ecnl»  of  the  i^l«t  (■■" 
brtn  wire*  aro  iiiiurMd.  on*  of  tbcin  inaulatod  by  >  oolUr  of  leatlmn,  ao  •■  lo  1 
of  the  i^itioa,  by  n  nivanin  ditchnrjfo,  of  b  ■mall  &rch  oT  plulintun  wfra,  ■ 
(oacboi  from  imti  in  tba  ulbor.  Tho  alidiu^.rcKl  abovo mentioned  aa  txruffia 
■tuffing-bitz,  Utmin&LM  bolon  the  pUlo  in  an  olbow  wblirh  mUi>pittU  a  rap  al 
angloi  to  Uio  rod,  at  Iho  mnio  disunoo  ftom  tho  rod  a*  liio  platioum  wiro:  U 
tli«  appoaitd  «ido  of  it,  thoro  11  a  btui  over.  11,  Ibr  Iho  oup,  mpftittai  Itaa 
plale.  Tho  trnngciiiont  u  ■neb,  thul  by  ■  ■uiuU*  movctuvnl  in  (Im  aiiAh^ 
□udo  by  ^TUplnjt  it  by  the  handlOi  G,  in  whirb  il  lerminatoa  oitoraalty,  A* 
may  bo  mad*  oithsr  la  roaoiTo  iuM  ibi  carilj  tho  plttinuni  iriro,  or  to  »i>Ju«t  Ua 
iIh  nttvfr.  II- 

t,  In  pi*CM  at* 

_  „ ...  1  the  cup,  wU 

r.  and  tho  b«ll  apciinrf.    In  Ihn  ne«  place,  by  • 

„ .  _  .  _  ,  P,  P,  and  llio  jplluwa  aerowii  atUcluH]  to  Ifco 

cw.ka,  entabliihod  a  comnionicalioTi  •ov«ratly  wLUi  an  nir  pim.p,  a  celf-rrfol 
»»»r»oir  of  hydrogen,  a  baiouiclor  caugo,  and  a  lat  oror  the  mBrcqiial  ciMtni, 
taininif  fluoailicie  acid  na.  Flral,  liy  uoam*  of  tlin  air  pump,  L-xbaoat  llio  ball, 
in  cirilHr  to  waah  out  alfnimaina  of  stiuuaphMflo  akr,  admit  hydronBn  Iroro  tbo  1 
Toir.  Affain  sxhauct,  and  a^^n  adnul  bydrogon.  Laallv,  oihauBl  tbo  hell  if  h 
gi'n,  and  admit  Ihe  Buoalllaic  aold  goM.  Ry  maani  of  tlia  gangB,  Uio  cxbanal 
indicated  and  moafunid,  anil  by  ttiv  (am*  moanail  wlUbaaconwhasUio  pn«* 
thfi  c"  within  tho  boll  approaRhm  Uial  nf  tho  atmnaphen.  Vr'hcn  ihia  t^kaii 
the  eoclu  boias  all  rlomd,  and  by  nioan*  of  tho  proceaa  of  galcanojg^itiiis 
&c.)  tho  platinum  win  bving  rondond  incandeHiont.  tho  poLawiiam  i^  to  bo  M« 
Into  contact  witli  it-  A  pncnliai  dorp  rod  oonibUation  onnie*,  evnlriajt  mmu 
chooolatB^iJoani(l  flimoi,  which  r-ondonabg  into  flocki  of  tho  lOiDa  hnB,«i 
Ihrouehout  tin  nteoiTer,  and  am  dapoail«d  upon  Iho  interior  aurTBc*,  ao  a*  to  e 
in  tlio  mind  of  tbo  apoctauir,  tho  idea  of  a  miniatnra  fall  of  chocolata  uatuvdi 
Un  ramortoK  tbo  boll  aftor  tho  potaaiiuiQ  baa  oooaod  to  bnra,  Uia  cap  wUck  h 
ia  ronod  lo  emtlain  ailtoon  miied  with  lh«  fluoride  of  potaiaium,  uti  wtt  IH 
wlinle  of  Iho  obooolata-eolourcil  dapoailinn  it  conlaniinalad.  HUictuMt  «f  MM 
it  likKwlH)  fonnd  in  the  cup  ;  >inoP,  upon  tbo  aniuinn  of  watnr ,  a  fetid  Maaa 
ffU  is  nTfilvnd,  nhirh  bun  nn  odnnr  n-*«mbllng  that  nf  nbnaphnrolUid  hfdnM. 
wbirb  T'i'i-T  i.^vinnitv  )>•<  Uii'  niinUi[<i>iii<r,>ni[iniind  Blliriiirrllcl  liy<ln>!r«n.    Thi 

the  potaaiiuia  employed  !■  ol  tba  kmd  obtainod  by  moana  otcbatcoal,  tbanlin 
a<  Berreliua  allegea,  adulterated  wilh  carbon.  I  am  unilcr  tbo  impreaaion  that  M 
nitric  acid  romovea  thi*  impurity. 

Simpie  Procettfor  the  Evolulion  of  Silicon. 

1367.  Last  winter  1  was  cnatilcd  lo  adopt  a  much  more  .simple  and' 
venient  process  for  the  cvolutioD  of  silicon,  wliich  is  as  fullows: 

1358.  A  bell  glass  was  filled,  over  mercury,  with  lluosilicic  aotd 
rneoDS  of  a  bent  wire  a  cylindrical  cogo  of  wirc-gau;c<',  containing  B 
glohiiles  of  potassium,  was  introduccil  throiiirli  ihc  mercury  into  ibe  ct 
of  the  bell,  and  supported  in  a  central  |>osilion.  A  knob  of  iron  was  wt 
lo  the  end  of  a  rod,  of  the  same  niclal,  so  recurved  n.i  to  reach  ibc 
with  case.  Having  been  heated  nearly  wluK'-hot,  this  knob  was  p< 
through  Iho  mercury,  so  as  lo  touch  llio  cagn.  By  these  means  tlic  p 
slum  having  been  made  lo  enter  into  combustion  wilh  the  fluorine,  th 
con  was  evolved.  Much  of  this  substance  r<  111,1  im-d  nilachcd  to  ihc  Uj 
combination  with  fluoride  of  potassium,  [''mm  ihc  irnpurilicti,  with  m 
it  was  ihus  associatiil,  1)10  NJIicon  wns  m<p;Lriil<'<t  by  washing  in  wntet 
digeslioo  with  nitric  acid.     There  can  lie  nn  douM  tli.-il  this  process 
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he  employed  to  evolre  boron,  by  employing  fluoboric  acid  instead  of  fluo- 
silicic 


1359.  Properties  of  Silicon. — It  is  of  a  brown-ash  co- 
lour, without  the  least  trace  of  metallic  lustre,  a  non- 
i^ooductor  of  electricity,  infusible,  and  incapable  of  being 
rolatilized.  It  is  not  liable  to  be  dissolved  or  oxydized  by 
nlphuric,  nitric,  chloroh^dric,  or  fluohydric  acid,  but  is 
Boluble  in  a  mixture  of  nitric  and  fluohydric  acid.  When 
lieated  to  redness  with  the  fixed  alkaline  carbonates,  it 
bums  vividly;  and  when  dropped  upon  the  hydrates  of 
potash,  soda,  or  baryta,  while  in  a  state  of  fusion,  it  ex- 
plodes. Yet  it  is  unchanged  by  ignition  with  chlorate  of 
potash,  and  exercises  but  a  feeble  reaction  with  nitre,  even 
when  heated  to  redness.  In  these  respects  its  habitudes 
are  anomalous. 

1360.  When  silicon,  as  usually  obtained  by  the  aid  of 
potassium,  is  intensely  heated  in  the  air  or  in  oxygen  gas, 
it  bums  with  a  feeble  blue  flame;  but,  by  becoming  en- 
crusted with  sihcic  acid,  a  portion  escapes  combustion. 
This  portion  is  rendered  harder,  denser,  and  insusceptible 
of  combustion  with  oxygen  at  the  highest  temperatures. 
Berzelius  suspects  the  greater  combustibility,  and  inferior 
density  and  hardness  of  silicon,  in  the  state  in  which  it  is 
obtained  by  the  process  above  described,  to  be  due  to  the 
presence  of  hydrogen,  derived  from  the  water  employed. 
In  this  state,  it  inflames  when  ignited  in  the  vapour  of 
sulphur,  and  forms  a  sulphide,  which  is   decomposed  by 
^atcr  into  sulphydric  and  silicic  acid. 

COxMPOUND  OF  SILICON  WITH  OXYGEN. 
0/  Silica^  or  Silicic  Acid. 

VMW.  One  atom  of  silicon  with  one  atom  of  oxygen, 
^cli  equivalent  to  8,  forms  one  atom  of  silicic  acid,  equi- 
valent 16. 

1302.  Prejxiralion. — Quartz  being  powdered,  and  fused 
^ilh  three  times  its  weight  of  pearlash,  a  glass  is  obtained, 
^hich,  being  soluble,  forms  with  water  a  liquid,  called  for- 
iierly  liquor  silicum,  or  liquor  of  flints.  An  acid  being 
poured  into  this  solution,  silicic  acid,  slightly  contami- 
nated by  potash,  is  precipitated. 

r363.  To  obtain  silicic  acid,  Jiorzelius  advises  us  to  fuse 
in  a  platinum  crucible,  equal  parts  of  the  carlK)nate8  of 
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potadi  and  soda,  (md  to  add  quartz,  finely  ^  alrerized,  k  . 
smaO  successive  portions.  The  efienrescence  arising  ftoii 
the  addition  of  ate  portion,  is  allowed  to  subside  nfan 
adding  another,  until  efienrescence  can  no  longer  be  ezdlfli 
TbB  refrigerated  mass  is  dissolved  in  chlorohydric  aeii, 
and  the  solution  filtered  and  evaporated  to  dr^nieas.  To 
remove  all  traces  of  iron  or  alumma,  the  dry  mass  is  h&gi 
moist  with  chlorohydric  acid,  during  about  two  hom^ 
and  afterwards  washed  with  hot  water,  and  then  eipoted 
to  a  red-heat.  SiUcic  acid  will  remain  in  a  suffickoC  de» 
gree  of  purity. 

1364.  Pure  silicic  acid,  in  the  well  known  form  of  lock 
crystal,  is  found  throughout  nature.  Its  usual  crystdfae 
form  is  a  six-sided  pnsm,  terminated  by  a  pyramid  irilh 
six  faces. 

1365.  Properties^ — ^Pure  silicic  acid  is  white,  taslrieH^ 
and  inodorous,  and  has  a  specific  gravity  of  2.6A.  Ai 
solution  does  not  redden  Utmus,  and,  when  evapofatod  to 
a  certain  point,  forms  a  translucent  jelly.  It  is  aoiolib 
when  nascent,  but  insoluble  after  exposure  to  heat  or  de* 
siccation,  or  in  its  native  crystaUine  form. 

1366.  It  was  first  fused  bv  myself,  in  the  year  1801,  by 
means  of  the  compound  blowpipe.  It  has  never  been 
volatilized. 

Cf  Chloride  of  Silicon. 

1367.  When  silicon  is  heated  in  chlorine  it  inflames,  evolving  heil  and 
light,  and  a  chloride  of  silicon  is  formed,  which  is  a  volatile  liqura,  poeseai' 
ing  a  sharp  and  powerful  odour.  In  consequence  of  the  absorpCioa  of  ai 
excess  of  chlorine,  it  is  generally  coloured  yellow.  It  boils  below  2l3^t 
and,  by  the  addition  of  water,  is  converted  into  chlorohydric  and  a&x 
acid. 

Experimental  Illustrations. 

1368.  Silicate  of  potash,  exhibited ;  also  the  solution  of 
it,  called  liquor  silicum,  from  which  silica  is  precipitated 
by  means  of  an  acid. 

0/  Glass. 

1869.  If  the  proportions,  in  which  sand  nnd  alkali  arc  used  as  •bov^ 
mentioned  for  the  li<juor  silicum,  be  re  versed,  the  insoluble  com)iouiidcr 
silicic  acid  and  alkali,  known  under  the  name  of  glass,  is  obtained,  whick 
however  pure  the  materials,  has  a  slight  tinge  of  grorn.  This  is  rcnyifri 
by  a  due  admixture  of  the  red  oxide  of  lead,  and  black  oxide  of  inanguner* 

1370.  Armealing  Process. — ^A  sudden  diminution  of  the  quantity  of 
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c  tmoDg  the  exterior  paiticles  of  a  thick  piece  of  glass  in  a  state  of 
yn,  k  not  attended  by  a  corresponding  diminution  of  the  quantity  of 
•rindple  among  the  particles  within,  owing  to  the  slowness  with  which 
conducts  heat.  Hence,  there  can  neither  be  a  general  coherence,  nor 
ina  arrangement  among  the  particles ;  unless  the  cooling  be  very 
to  as  to  allow  the  refrigeration,  within  and  without,  to  be  nearly  si- 
neoua.  As  it  never  can  be  perfectly  simultaneous,  the  annealing 
ways  be  defective,  other  things  being  equal,  in  proportion  as  the  glass 
ker.  Were  the  particles  subjected  to  radiant  heat  only,  the  process 
be  more  efiectual ;  as  this,  when  proceeding  from  incandescent  sur- 
has  been  ascertain^  to  penetrate  and  even  to  pass  through  glass* 
n.  By  gradually  making  up  a  fire  of  charcoal,  at  about  four  inches 
oe  on  each  side  of  a  glass  tube  of  about  an  inch  and  a  quarter  in 
tesB,  and  with  a  very  small  bore,  I  was  enabled  to  heat  it  red-hot, 
jt  cauang  a  fracture.  From  its  situation,  it  was  subjected  to  radiant 
inly* 

rs.  By  opening  a  perpendicular  hole  in  an  anthracite  fire,  I  have  been 
id,  wih  little  delay,  to  introduce  the  beaks  of  glass  retorts  of  two  or 
gaUon  in  capacity,  without  causing  a  fracture.  Thus  situated,  the 
woo  becomes  almost  fluid,  so  that  by  its  own  weidit  the  lower  por- 
drawn  downwards  into  a  tapering  tube,  and  womd  be  made  to  &I1 
Te  the  beak  not  removed  from  the  fire.  If  removed  in  due  time,  the 
yf  the  T^ort  may  be  so  held  as  to  cause  the  tapering  portiim  of  the 
o  form  such  an  angle  with  the  other  part,  as  to  be  capaUe  of  enter- 
e  tobuluie  of  another  retort,  as  described  in  one  of  the  prooesseB  for 
ring  pure  ehiorohydric  acid.  (891.) 

78.  By  like  means,  the  beaks  of  broken  retorts,  or  any  piece  of  a  glass 
may  be  made  to  taper,  to  be  elongated  so  as  to  be  inserted  through 
ibulure  of  a  retort,  and  to  serve,  consequently,  when  luted  to  the  tu^- 
for  the  introduction  of  sulphuric  acid,  in  various  processes  besides  that 
ich  allusion  is  above  made. 

r4.  Prince  Ruperfs  Drops. — When  glass,  in  a  state  of  fusion,  is 
9d  into  water,  the  defective  states  of  cohesion  and  arrangement,  con- 
it  to  the  want  of  annealing,  arc  at  the  maximum.  Such  drops  have 
)een  known  under  the  name  of  Prince  Rupert's  drops.  It  is  only 
sary  to  break  off  the  slender  filament  in  which  the  mass  terminates, 
ler  to  cause  an  explosive  dispersion  of  the  whole  into  a  coarse  powder. 
75.  The  cohesion  of  the  particles  in  glass  tubes,  is  oflen  nearly  as  im- 
;t  as  in  Prince  Rupert's  drops.  The  slightest  mark  from  a  file  on  the 
>r  surface,  or  even  wiping  them  out,  especially  if  a  metallic  wire  be 
►yed,  may  cause  them  to  break  into  pieces.  Sometimes  the  fracture 
9  inunediately,  at  other  times,  not  till  many  hours  have  intervened. 

IMPOUNDS  OF  FLUORINE  WITH  HYDROGEN,  BORON, 

AND  SILICON. 

r76.  Fluorine  has  been  briefly  noticed,  (746,  &c.)  I 
Red  treating  of  the  interesting  compounds  formed  by 
efement  with  hydrogen,  boron,  and  sihcon,  until  the 
eot  diould  be  acquainted  with  those  substances. 
WT.  The  three  fluorides  referred  to  are  called  seve- 
'  Jkickf/dric^  fiuoboric^  and  Jluosilicic  acid.  (862). 
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CfFhokfdrie  Acid,  gmieratty  eoBed  Hgdrc^Morie  AeU  (8M) 

1878.  Fluorine  enata  in  nature  in  union  with  the  metab  of  the 
B]^  alkalies,  especially  with  calcium,  a  metal  of  whfch  lime  is  the  ank»    j 
Siich  compounds  are  called  fluorides.     The  lemaricaUe  mineral,  criU 
Derbyshire  or  fluor  spar»  is  a  fluoride  of  calcium. 

1879.  Not  long  since,  Derbyshire  spar  was  considered  a  cmBPnmid  tf  : 
lime  with  an  add,  called  fluoric  add,  and  supposed  to  conast  of  laypB  i 
and  an  unknown  radical.    Mr.  Ampere  first  suggested  the  present  docbM^ 
which  was  soon  adopted  by  Sir  H.  Da?y,  and  is  now,  I  beUefe,  unifanlly 
sanctioned. 

1880.  Preparaiion^^Whm  fluoride  of  cakshmi  is  pul¥erued,andhHted 
in  a  leaden  retort  with  twice  its  weight  of  concentrated  sulphnric  atili  tks 
water  in  combination  with  the  add  is  decomposed.  The  oxygen  aai  acil 
form  sulphate  of  lime  with  the  calcium;  while  the  hydrogen  jraodooesvilh 
the  fluonne,  fluohydric  acid,  which  passes  over  in  the  form  of  a  verjirii* 
tile  add  vapour,  and  may  be  condensed  in  a  leaden  or  silver  receiver,OT* 
rounded  by  a  mixture  of  snow  and  salt.  If  reodved  in  water,  it 
without  refrigeration,  and  forms  a  diluted  acid. 

1881.  Propent€s. — ^Fluohydric  add  is  a  colourless,  limpid  liquUi 
bdls  at  a  little  below  80^.   When  anhydrous,  its  specific  gravity  is  LMHi 
It  is  so  volatile,  that,  in  a  dose  apartment  it  cannot  be  decanted  wHkuA 
subjecting  the  operator  to  intolerabue  fumes.    This  operation  must  be  pv> 
formed  where  there  is  a  current  of  air,to  carry  them  ofll 

1382.  It  ukerates  the  Aia  with  peculiar  activity,  and  corrodes  f/mn 
as  to  trace  its  course  inddibly,  in  running  over  the  surfiioe.  It  itMt  to 
kqit  in  vesseb  of  silver  or  lead,  accurately  closed.  When  momtd  ii 
water  it  is  absorbed,  forming  aqueous  fluohydric  acid,  and  is  tfam  bo* 
easily  preserved. 

1888.  One  atom  of  hydrogen,  equivalent  1,  with  one  atom  of  flooriM^ 
equivalent  18,  is  supposed  to  form  one  atom  of  fluohydric  add,  eqoifi- 
lent  19. 

Experimental  Ulustraiions. 

1384.  Powdered  fluoride  of  calcium,  heated  with  sul- 
phuric acid  in  a  leaden  retort,  adapted  to  a  receiver  sin^ 
rounded  by  a  mixture  of  snow  and  salt.  Same  process, 
substituting  e  receiver  with  water,  by  means  of  Knigbt's 
apparatus.    Effect  of  fluohydric  acid  upon  glass. 

Of  Fluoboric  Acid. 

1385.  Preparation, — It  may  l)e  obtained  by  intensely  heating  a  miitni* 
of  two  parts  of  |)owdcnxl  fluoride  of  calcium,  with  one  of  vitrified  boric 
acid,  in  an  iron  tulie.  One  part  of  tbc  boric;  acid  is  dcxioniposi'd,  the  oxy* 
gen  of  which,  and  the  remaining  portion  of  the  acid,  f^>rm  borate  of  lii* 
with  the  calcium ;  while  the  boron  unites  with  the  fluorine,  forming  flno* 
boric  acid  gas,  which  must  bo  received  over  nitrcury.  Fluoboric  acid  p^ 
may  likewise  be  procured,  by  heating  in  a  glass  retort  two  parts  of  fluorklB 
of  calcium  nn<l  one  of  l)oric  acid,  with  twclv<;  parts  of  concentrated  sulpha* 
ric  acid.  Derzclius,  however,  states  that,  when  obtained  by  this  nKHbodt  t 
is  contaminated  by  fluosilic  acid,  arising  from  the  action  of  the  fluorine  oi 
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n.  This  might,  however,  be  avoided  by  performiDg  the  operation 
ideo  retort* 

r.  Dr.  Thomson  states  that  the  best  method  of  obtaining  fluoboric 
tMj  is  one  which  was  suggested  by  Berzelituu  Boric  acid  is  to  be 
d  in  anhydrous  fluohydnc  acid,  and  a  gentle  heat  applied  to  the 
.  A  reciprocal  decomposition  takes  place;  the  hydrogen  of  the 
lie  acid  combines  with  the  oxygen  of  the  boric  add,  forming  water, 
le  fluorine  unites  with  the  boron,  and  constitutes  fluc^ric  acid  gas. 
.  Properties. — Fluoboric  acid  is  a  colourless,  transparent  gas,  with 
t  odour,  and  an  acid  taste.  It  reddens  litinus  paper,  and  is  destruc- 
ife.  Its  specific  gravity  is  2.3622.  Water  absoxhs  seven  hundred 
B  volume  of  this  gas.  When  fluoboric  add  is  passed  into  water, 
gen  of  a  portion  of  the  water  unites  with  the  borcm,  forming  boric 
liile  the  hydrogen  combines  with  the  fluorine,  producing  fluohydnc 
The  boric  add  precipitates,  and  the  fluohydric  add  combines  with 
ecompoGcd  portion  of  the  fluoboric  acid,  forming  a  compound  which 
IS  designates  as  hydrofluoboric  acid,  but  which,  according  to  the 
hiture  which  I  have  adopted,  should  be  called  jt^okydrchime  acid. 
)Otinue  to  pass  fluoboric  acid  gas  into  the  water,  or  partially  abstract 
id  by  evaporation,  until  the  solution  of  fluoboric  acid  becomes  satu- 
le  affinities  which  were  at  first  brought  into  play  axe  reversed*  The 
m  <^  the  fluohydnc  acid  unites  with  the  oxygen  of  the  prectpitaled 
dd,  and  the  fluorine  with  the  boron;  so  that  we  finally  obtain  a 
nlution  of  fluoboric  acid  in  water.  This  solution  is  at  first  fuming; 
the  application  of  heat  it  yields  up  a  fifth  part  of  its  gas,  and  then 
y  resembles  concentrated  sulphunc  acid  in  appearance.  lake  that 
carbonizes  organic  products,  in  consequence  of  its  affinity  for  water. 
h  Three  atoms  of  fluorine,  equivalent  54,  and  one  atom  of  boron, 
ent  II,  form  one  atom  of  fluoboric  acid,  equivalent  65.    (856,  &c.) 

Of  Fluosilicic  Acid. 

I.  Preparation. — It  may  be  obtained  by  adding  to  the  materials  for 
Z  fluohydric  acid,  one  half  their  weight  of  finely  powdered  glass, 
ng  the  mixture  to  heat  in  a  glass  retort,  and  receiving  the  product 
ircury;  as  by  water  it  would  be  rapidly  absorbed. 
.  The  oxygen  of  the  silicic  acid  in  the  glass,  with  the  sulphuric  add 
cium,  forms  a  sulphate  of  lime ;  while  the  fluorine  and  silicon  escape 
brm  of  fluosilicic  acid  gas. 

!.  The  apparatus  which  I  employ  for  fluosilicic  add,  is  precisely  the 
3  that  (lescribf.'d  under  the  head  of  ammonia. 

I.  Properties. — Fluasilicic  acid  is  a  transparent,  colourless  gas,  with 
iar  and  suflbcating  odour,  closely  resembling  that  of  chlorohydric 
!t  reddens  litmus  pai)er,  and  has  a  specific  gravity  of  3.5735.  When 
;  in  contact  with  water  it  is  rapidly  absorbed,  and  a  decomposition 
tacf?,  similar  to  that  which  ensues  in  the  case  of  fluoboric  acid  under 
drcumstances.  Silicic  acid  is  deposited  in  the  form  of  a  gelatinous 
md  fluohydric  acid  is  produced,  which  combines  with  the  undecom- 
iorti(m  of  the  fluosilicic  acid,  forming  a  compound  called  hydrofluo- 
Mid,  to  which,  if  it  be  an  acid,  I  would  give  the  name  ofjluohydro' 
madm  If  the  water  in  combination  with  the  fluohydrosilicic  acid  be 
iy  nnovcd  by  heat,  fluosilicic  acid  gas  escapes,  leaving  fluohydric 
nlotioD. 
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1904.  One  atom  of  fluofbe,  equiyalent  18,  with  ono  Hom  of  dooii 
equivatent  8,  forms  one  atom  of  fluosilicic  acid,  equivalent  96. 

Experimental  lUusiraiions. 

1395.  Production  of  fluosilicic  acid,  shown:  also  its  al^ 
sorption  by  water,  and  tiie  precipitation  of  silicic  idd»  as 
above  described. 


Of  tke  Reaetim  of  Fluokfdrie  Acid  wUk  FUuhene  ami 
Add^  ami  ^  the  NomeneUUure  cfihe  Compounds  fonmed  ty  III 
ommeeiingwiik  OxUhucm* 

1896.  Tbe  noksfk  which  enaiies  between  fluohydiic  add,  and  eitharlv^ 
boric,  or  fluosilicic  acid,  agreeably  to  the  preceding  statement,  may  ifpv 
anomalous,  in  the  way  in  which  it  has  hitherto  been  treated.     If,  faowMi 
I  am  correct  in  my  mode  of  defining  the  difleienoe  between  an  acid  ui  % 
base,  (681,)  the  combinations  in  question  will  not  prove  to  be  anoanl 
I  deem  it  consistent  to  suppose  that  a  fluobase  of  hydrogen  vswHe^  in 
one  case,  with  fiuoboric  acid,  in  the  other  with  fluosilicic  add;  so  tbit 
hydroboric  acid  might  be  called  fluoborate  of  the  fluobase  of  bvdiqgei^ 
more  briefly,  fluoborate  of  hydrogen;  and  in  like  manner,  fluonydmS 
acid  would  be  called  fluosilicate  d  the  fluobase  of  hydrogen,  or  '  ' ' 
fluosilicate  of  hydrogen* 

1897.  When  eitmr  fluohydroboric  acid,  or  fluohydrosilicic  acUt^fl 
other  words  the  fluoborate  or  fluosilicate  of  the  fluobase  of  hydmgBm  ii 
brought  into  contact  with  an  oxibaae,  the  radical  of  the  latter  tans  w|iifli 
of  tl^  hydrogen,  which,  with  its  oiygen,  forms  water.  Thus,  in  the 
of  potash,  there  would  result  a  fluobase  of  potassium,  usurping  ths  phes 
the  fluobase  of  hydrogen;  and  of  course  either  a  fluosilicate,  or  fluubuiifc 
of  potassium  roust  be  formed.  Agreeably  to  the  Eterzelian  nomendalofe, 
these  compounds  are  double  salts,  the  name  of  one  being  in  the  Fnack 
translation,  ^^Jluomre  barico-potassiquej''*  that  of  the  other,  ^tmmn 
silico-potasiiqueJ"  Many  analogous  salts,  formed  by  the  aam  under 
consideration,  with  salifiable  substauccs,  are  mentioned  by  Berzelius;  alu 
many  others,  in  which  other  radicals,  in  union  with  fluorine,  play  a  psit 
analogous  to  that  performed  by  silicon  and  boron,  in  the  salts  above  OKfr 
tioned. 

1398.  There  are  instances  in  which  compounds,  usually  called  baiBi,  act 
as  acids.  Of  course  it  is  consistent  that  compounds,  usually  called acid% 
should  in  some  instances  act  as  bases.  In  this  respect,  a  striking  valo^ 
may  be  observed  between  the  union  of  the  oxide  of  hydrogen  (water)  wtk 
the  oxacids  and  oxybases;  and  that  of  fluoride  of  hydrogen  withfluaddl 
and  fluobases.  According  to  Berzelius,  water  acts  as  a  hiise  to  oxacidi;se 
an  acid  to  oxibases.  So  1  conceive  the  fluoride  of  hydrogen  acts  as  a  bsH 
in  the  cases  above  noticed,  while  it  acts  as  an  acid  in  the  compound  of  hv* 
drogcn,  fluorine,  and  potassium,  called  by  lierzelius  '^fuomre  potamfsi 
aeideJ'^  This  compound  I  would  call  a  fluohydrate  of  the  fluobase  of  po- 
tassium, or  nK)re  briefly,  fluohydmte  of  potassium ;  as  we  say  sulphate  «f 
copper,  instead  of  the  sulphate  of  the  oxide  (or  oxybase)  of  copper. 
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SECTION  VII. 

OF  ZIRCONION,  OR  ZIROONIUM. 

L  There  is  a  stone,  known  under  the  nanie  of  the  jarson  or  zircon 
Ion,  from  which  Klaproth  extricated  an  earth,  to  which  the  name  of 
I  ^-as  given.  This  earth  is  an  oxide  of  an  elemenlary  hody,  which 
n  call^  zirconion,  or  zirconium.  The  termination  in  um  helng  now 
•plied  by  chemists  to  the  names  of  substances  having  the  metallic 
er,  I  think  that  it  has  been  erroneously  associated  with  the  name  of 
lent  in  qu^ition,  since  its  pietenaons  to  that  character  are  not  higher 
oae  of  carbon. 

OF  METALIJC  RADICALS. 

fO.  It  is  to  metaUic  radicals  that  I  deem  it  expedient 
»  next  place  to  direct  attention.  Less  than  thir^ 
ago,  tne  line  of  demarcation  between  metals  and 
bodies  was  easily  drawn.  There  was  then  no  known 
Krtiich  had  a  specific  gravity  less  than  six;  and  of 
bodies,  none  of  which  the  specific  ffravity  was  as 
as  fi?e.  But  the  discovery  of  alkafifiable  metallic 
ds,  having  a  specific  gravity  less  than  that  of  water, 
lilated  the  barrier  which  had  been  established  on  the 
of  superior  gravity. 

)1.  Peculiar  brilliancy  and  opacity  were  in  the  next 
appealed  to  as  the  means  of  discrimination;  and  like- 
that  superiority  in  the  power  of  conducting  heat  and 
icity,  which  was  so  remarkable  in  substances  of  a 
xily  metaUic  character.  Yet  so  diflicult  has  it  been 
Lw  the  line  between  metallic  and  non-metallic  radi- 
that  bodies  which  are  by  some  authors  placed  in  one 
are  by  others  included  in  the  other.  Thus  seleni- 
tilicon,  and  zirconion  have  by  some  chemists  been 
rised  among  the  metals,  by  others  among  non-metallic 
3.  In  fact  nature  has  not  qualified  her  bodies  for 
ct  classification.  It  is  true  that  there  are  those  of 
I  the  prominent  features  or  qualities  are  so  strikingly 
Bnt,  that  we  are  at  first  encouraged  to  think  that  by 
iating  similar  substances  with  each,  we  shall  form 
»  not  liable  to  be  confounded.  Thus  gold  possesses, 
ik^  degree,  all  the  attributes  of  a  metal,  while  sulphur 
any  devoid  of  them ;  yet  arsenic,  as  being  decidedly 
Die,  may  on  the  one  side  be  classified  with  gold  in 
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preference  to  sulphur;  while  on  the  other  hand,  betiveen 
arsenic  and  sulphur,  there  is  in  many  respects  a  much 
greater  analog  than  between  arsenic  and  gold.  In  &ct| 
tellurium,  which  had  been  always  classified  and  is  stil 
considered  as  a  metal,  is  now  associated  by  Berzeliii8»  it 
his  amphigen  class,  with  oxygen,  selenium,  and  sobhort 
and  has,  in  consequence,  been  treated  of  by  me  as  a  imMj^ 
€igen  body. 

1402.  Metals  were  formerly  distinguished  as  metalsi  and 
semi-metals;  the  latter  appellation  having  been  empkjad 
to  designate  such  as  were  wanting  in  the  mechanical  pa- 
perties  of  malleability  and  ductility.  Again,  the  mslilf 
which  were  endowed  with  the  properties  just  menticMd, 
were  divided  into  noble  and  base.  The  noble  metibi 
sometimes  called  precious,  from  their  superior  value,  wM 
distinguished  from  the  others  by  their  msusceptibifiQr  of 
injury  from  fire,  moisture,  or  air.  Silver  and  gold  wen^' 
about  a  century  ago,  the  only  known  metals  meritiiig  Ai 
name  of  noble,  upon  the  grounds  which  I  have  mentMoei 
To  these  platinum  was  subsequently  added,  and  kttoiif 

Ealladium,  nickel,  iridium,  and  rhodium,  have  been  ibiiDd  to 
ave  analogous  pretensions,  agreeably  to  the  ideas  in  ob^ 
dience  to  whicn  the  epithet  was  originally  empkyed 
Subsequently  chemical  properties  became  better  knowBi 
and  metals  were  associated  not  only  in  accordance  with 
their  own  obvious  characteristics,  but  also  with  a  view  to 
their  oxides,  which  in  many  cases  are  the  only  forms  under 
which  they  are  met  with  in  nature,  or  employed  in  the 
arts.  Accordingly  the  metals  arc  now  generally  divided 
with  a  view  to  their  susceptibility  of  oxidizement,  or  the 
character  of  their  oxides.  Amon<j  the  oxides  alluded  to, 
there  are  some  of  which  the  characteristics  are  so  diI^e^ 
ent,  that  there  can  be  no  hesitation  in  classifying  then 
separately.  Yet  in  other  members  of  the  same  class,  the 
characteristics  by  which  they  are  distinguished  are  so 
feeble,  that  a  diversity  of  opmion  has  existed  as  to  the 
genera  to  which  they  belong. 

1403.  I  propose  to  divide  metallic  radicals  into  the  (birr 
following  Classes: 

First,  metals  of  the  earths  proper. 

Second,  metals  of  the  alkaline  earths. 

Third,  metals  of  the  alkalies^  or  nlkalifahlr  metals. 

Fourth,  metals  proper. 


ZIRCONIOll.  261 

[.  I  shall  employ  the  words  noble  to  distinguish 

not  Uable  to  be  tarnished  by  exposure  to  fire, 
or  air;  as,  for  instance,  gold,  platinum,  iridium, 
un,  rhodium,  silver,  and  nickel. 
»•  Metals  proper  are  by  Berzelius  divided  into  elec- 
ative  or  acidifiable  metals,  and  electro-positive  or 
lie  metals.  Under  the  former  head  he  places  sele- 
irsenic,  molybdenum,  tungsten,  antimony,  tellurium, 
ium  or  tantalum,  and  titanium.  Under  the  head  of 
-positive  or  basifiable  metals,  he  places  gold,  plati- 
smium,  iridium,  palladium,  silver,  mercury,  copper, 
1,  tin,  lead,  cadmium,  zinc,  nickel,  cobalt,  iron,  man- 
» and  uranium. 
».  I  am  under  the  impression  that  each  of  the  fol- 

metals,  being,  agreeably  to  the  same  authority, 
»  of  forming  with  a  halogen  body  the  electro- 
e  ingredient  in  a  double  salt,  should  be  considered 
lifiable;  namely,  gold,  platinum,  silver,  palladium, 
,  rtiodium,  uranium,  chromium,  titanium,  molybde- 
langanese,  osmium,  mercury,  nickel,  copper,  iron, 
ic. 

^  When  the  objects  which  it  may  be  desirable  to 
are  too  numerous  and  complicated  in  proportion  to 
e  and  attention  which  we  have  to  bestow;  we  may  . 

such  time  as  we  have,  either  in  a  cursory,  super- 
nd  indiscriminate  examination  of  the  whole,  or  in 

thorough  study  of  the  more  important  parts.  Of 
>  courses  I  cannot  conceive  that  any  judicious  per- 
uld  hesitate  in  choosing  the  latter. 
;.  Under  this  impression  I  shall  treat  particularly  of 
live  metals  proper,  included  in  the  following  list — 
iatinum,  silver,  mercury,  copper,  lead,  tin,  iron,  zinc, 
Qy,  bismuth,  and  arsenic.  Besides  the  metals  thus 
[led,  there  are  in  the  same  class,  palladium,  rhodium, 
,  osmium,  nickel,  cadmium,  chromium,  cobalt,  co- 
n,  manganese,  molybdenum,  titanium,  tungsten, 
n,  and  vanadium.  Of  these  I  shall  give  only  a 
ccount,  with  descriptions  and  illustrations  of  their 
r  and  useful  properties,  where  such  exist. 

I  subjoin  a  list  of  metallic  radicals,  comprising  all  the  metals 
{ tellurium;  which  has  been  treated  of  as  a  basacigen  element. 
I  Otr  knowledge  extends,  the  dates  at  which  these  metals  severally 
I,  and  the  names  of  their  discoverers,  are  mentioned. 
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TaiU  of  Metait  claanJUd  a»  MelalUe  Radicab,  alto  if  Ae  i 
Khiek  ikey  irtre  diteovrred. 


Tnnnton    . 


BtTontimn 
Calciain 

AlDmiDinm 
Glncinium 
Tttrium 

Thorium 

Vuiulium 


Known  to  ths  AnciBiito. 


DeMrib«db)r  Buil  ValantiM 
DMcrib«d  b;  AffricoU 
n»t  OMBtioiuMrbj  Pusoebiu 
Bnndt  .... 

Wood,  unj-inutBr,  Juiiai«« 
Cronatadt      ..... 
Oahn  uid  Scbecle 

D'EUiDjul 

Bielm 

KbptoUi 

V«iiQnelin 

Hitdialt 

WoOwton 

DeaootU*  and  Bmithton  Tannant 
BmithaoQ  Tcimint 
Hiaiiifaraiul  BencUiu 

D«TJ 

Stromever 

Arrwnibon  ,        .        .        . 

Wehlor 

Benolius        ..... 

SeftlrOro 
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IM 
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Of  the  Geiterie  Ckaraclerutici  of  the  Melati, 

1410.  When  newly  cu I,  mctuls  hnvc  a  peculiar  lustre.  They  ire  ll< 
best  conduciori)  of  heat  end  electricity ;  llic  worst  mdiniura  and  beet  TeS» 
tors  of  heat.  All  combine,  directly  or  indirectly,  witli  all  the  buadgtB 
bodies  in  one  or  more  proportiona.  (63.1.)  Tlioy  an-  oil  susceptible  rf 
solidity  and  fluidity,  and  probably  of  the  aerifom]  stale.  Mercury  uJ 
arsenic  are  cosily  volatilized ;  and  gold,  silver,  and  platinum,  though  mf 
difficult  lo  burn  or  volatilize,  are  iinvorllielrss  dissiputt'd  by  mcona  of  tbe 
compound  blowpipe,  galvanism,  or  cleclricily. 

0/  Propertiei  poueued  by  *omc  Mclals,  but  not  hjf  olhrrt. 

1411.  The  properties  which  come  under  ihia  lieoU,  arc  jKniuiiKtMT  af 
lustiQ  in  the  &«  nod  air;  malleability;  ductility;  elaatidly;  iicnaUlity  K 
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)  oM^iel;  sosoepCibility  of  the  welding  process,  and  of  acquiring,  by  a 
km  intb  carbon,  silicon,  or  aluminium,  the  capability  of  hardening  by 
ing  soddenly  refrigerated  from  a  red-heat ;  also  of  being  ,hardened  by 
3  huBner,  and  of  being  restored  by  heat  in  the  annealing  process. 
14UL  The  metals  remarkable  for  permanency  of  lustre,  axe  gold,  plati- 
m,  iridiam,  palladium,  rhodium  and  nickd,  called  on  that  account  noble, 
porftct*  Those  principally  remarkable  for  malleabiirty,  are  sold,  silver, 
liDum,  copper,  palladium,  nickel,  iron,  tin,  cadmium,  iumI  lead.  Among 
ae,  iron  and  platinum  only,  can  be  adyantageoosly  hammered  at  a  yery 
;h  temperature. 

1413.  The  metals  distinguished  for  elasticity,  are  iron,  copper,  and 
rer.  Iron,  in  the  state  of  steel  when  duly  tempered,  is  pre-eminent  for 
B  property. 

1414.  fhe  metals  remarkable  for  ductility,  are  cold,  iron,  either  pure, 
as  steel,  silver,  copper,  platinum,  tin,  and  lead.  In  large  rods  or  pipes, 
id  and  tin  are  the  most  ductile. 

1416.  The  magnetic  metals  are  iron,  whether  pure,  in  the  state  of  steel, 
in  tllit  of  protoxide,  nickel,  and  cobalt.    Those  susce|^ble  of  the  weld- 

g  prooesB,  are  iron  and  platinum.  Iron  only  is  capable  pf  uniting  with 
jrluD,  sQioon,  or  aluminium,  and  hardeninff  consequently  b^  quids  i^ 
igeiatioii.  Gold  and  platinum  are  distinguiraedby  their  superior  gravity, 
Uch  is  between  two  and  a  half,  and  three  times  as  great  as  that  of  iron, 
itOr  zioe. 

1410.  All  the  metals  have  a  specific  gravity  greater  than  five,  if  we  es- 
pl  thoae  of  the  earths  and  alkalies. 

1417.  Cf  the  Annealing  ProceM.— Malleability,  ductility,  and  foog^* 
3SS,  in  TuSbtia  susceptible  of  the  annealing  process,  are  probably  dependent 
a  the  quantity  of  caloric  remaining  in  combination  with  their  particles, 
^hile  in  the  solid  state.  When  malleable  metals  are  hammered,  they  give 
at  beat,  and  become  harder,  more  rigid,  elastic,  and  dense,  until  they  ac- 
uire  a  certain  maximum  of  density.  This  being  attained,  they  are  fiiic- 
ired  if  the  hammering  be  carried  further.  Exposed  to  the  fire  until 
sAened,  they  are  found  on  cooling  to  haver  regained  the  properties  of 
rhicb  percussion  had  deprived  them ;  and  they  may  be  again  condensed, 
etted,  and  hardened,  by  the  hammer. 

1418.  Of  Alloys, — This  name  is  given  to  the  compounds  formed  by 
be  union  of  different  metals.  There  is  always  copper  in  gold  and  silver 
nin;  and  in  the  metal  employed  under  those  names  by  the  smiths  and 
etdlers,  there  arc  various  proportions  of  the  baser  metal.  Brass  consists. 
iT  copper  and  zinc ;  pewter,  of  lead  and  tin,  or  of  tin,  copper,  and  anti- 
Booy. 

y  lie  Oxidahility  of  Metals  by  Exposure  to  Air  or  Moisturd^  with  or 

without  Heat. 

1419.  Gold,  silver,  platinum,  palladium  and  rhodium,  do  not  become  oxi- 
B»d  by  exposure  to  water  or  oxygen  at  any  temperature;  and  when  oxi- 
lood  by  other  means,  on  being  ignited  are  reduced.* 

*  'Hm  fHlb  io  reduetf  has  long  been  employed  by  chetniits  to  signify  the  dooxi- 
'  "^m  metallic  oxide,  so  as  to  e^ct  it«  restoration  to  the  metulic  state,  or 


^«f  a  nmimtt  to  use  another  word  which  I  shall  also  employ,  to  avoid  circumlo- 
~^'       mBm^  it  ia  now  somewhat  antiquated.    The  verb  to  revive  has  been  used 

as  to  nduce. 
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,   1420.  Iron,  zinc,  and  tin  are  not  oxidized  by  exposure  to  dry  aii^arto{ 
water  alone,  unless  aided  by  a  red*heat    Of  these  meiab  iron  Is 
acted  upon  by  the  joint  influence  of  air  and  moisture,  at  the  orduiMyi 
peratures  of  the  atmosphere.    Copper,  tin,  and  lead  do  not 
water  at  any  temperature,  but  are  oxidized  at  a  red*heat,Qral 
suflteient  (or  their  fusion.    Mercury  is  not  oxidized  by  water  i 
circumstances.    It  is  oxidized  by  agitation,  or  by  a  heat  just 
boiling  point,  with  accessof  air ;  but  when  distilled,  it  abandoDs  thii 
which  may  have  united  with  it  previously. 

OF  METALS  OF  THE  EARTHS  PROPER. 

1421.  The  metals  included  under  this  head  are 
ntum,  glucinium^  yttrium  and  thorium* 

SECTION  1. 

0 

OF  ALUMINIUM. 

1422.  A  chloride  of  aluminium  was  obtained  by 
by  subjecting  to  a  current  of  chlorine,  an  intimate 
of  alumina  and  carbon,  heated  in  a  porcelain  tube, 
affinity  of  the  carbon  for  the  oxygen  of  the  earth,  and 
the  chlorine  for  the  metallic  radicd,  was  productive  of 
bonic  oxide  in  the  state  of  gas,  and  the  chloride  of 
minium  in  the  state  of  vapour;  of  course  the 
escapes,  while  the  latter  condenses,  within  a  glasB  tube 
purposely  luted  to  that  in  which  the  materials  are  ignited^ 
as  already  explained. 

1423.  By  heating,  with  potassium,  the  chloride  obtained 
by  the  process  above  mentioned,  Wohler  liberated  alumi- 
nium through  the  superior  affinity  of  potassium  for  cbkh 
rine. 

1424.  I  have  repeated  this  process  so  far  as  to  obtiiii 
the  chloride,  and  to  expose  it  to  reaction  with  potasduiDi 
but  I  found  it  difficult  to  extract  the  aluminium  from  the 
residual  mass  to  a  satisfactory  extent. 

1425.  Properties  of  Aluininiinn. — In  the  state  in  which 
Wohler  obtanied  this  metal,  it  is  described  as  a  gray  pow- 
der much  resembling  that  of  platinum.  Some  little  fttcetSi 
which  have  sufficient  magnitude  to  be  distinguished,  after 
compression  under  the  burnisher,  display  a  metallic  bril- 
liancy. Yet  in  the  pulverulent  form,  the  metal  has  so  little 
power  to  conduct  electricity,  that,  when  interposed  in  the 
galvanic  circuit,  it  interhipts  the  action.  It  is  alleged, 
however,  that,  in  a  minute  state  of  division,  iron  is  a  noii- 
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tar  of  electricity,  and  Turner  states  that,  by  fusion, 
Rim  becomes  a  conductor.  It  appears  to  me  that 
its  claims  to  the  metallic  character  are  not  superior 
e  of  carbon  in  the  form  of  plumbago.  Its  atomic 
is  14. 

•  Aluminium  bums  with  a  heat  so  intense,  as  to 
he  fusion  of  the  resulting  oxide,  which  becomes^  on 
,  bard  enough  to  cut  glass.  Aluminium  is  not  ozi* 
rhen  water  is  evaporated  from  it  at  a  gentle  heat. 
>ilin^  heat  it  evolves  hydrogen  feebty,  and  the  evo* 
having  once  commenced,  continues  for  some  time 
^fri^ration.  With  concentrated  nitric  or  sulphuric 
lummium  has  no  reaction  at  ordinary  temperatures; 
sisted  by  heat,  it  forms  a  sulphate  or  nitrate,  ac- 
oxygen  from  one  portion  of  tne  acid,  and  uniting 
e  remainder.  When  subjected  to  a  solution  of  pot- 
da,  or  ammonia,  aluminium,  by  the  decompositicm 
water,  is  converted  into  alumina,  which  unites  with 
bU,  forming  an  aluminate.  On  this  account,  in  pie- 
alummium,  there  should  not  be  an  excess  of  potas- 
and  any  potash  produced  during  the  process,  should 
:kly  removed  by  the  employment  ot  a  quantity  of 
K)  larger  than  necessary. 

Of  Alumina. 

•  This  earth  is  found  nearly  pure  in  the  gems  called 
jllers  oriental,  and  classed  by  Brongniart,  under  the 
"  Corindon  Telesie.  The  ruby,  sapphire,  amethyst, 
»az,  of  the  most  beautiful  kinds,  are  thus  designated, 
stony  minerals  they  have  the  highest  specific  gra- 
nd are  only  inferior  to  the  diamond  in  hardness. 
ig  from  each  other  only  in  colour,  they  yield  by  ana- 
Ue  else  than  pure  alumina.  There  are  other  jewels 
same  name  and  colour,  which  ought  not  to  be  con- 
1  w  ith  those  here  alluded  to.  As  an  ingredient  in 
hich  owes  its  plasticity  and  all  its  striking  qualities 
lina,  this  earth  enters  largely  into  the  structure  of 
"estrial  globe. 

L  The  spinelle  ruby,  a  precious  stone,  and  Gahnite, 
■ninntes, — the  former  of  magnesia,  the  latter  of 
n  which,  however,  there  are  six  times  as  many  atoms 
lina,  as  of  the  other  constituent. 

4 
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1429.  Tlicrc  are  two  native  forma  of  hydrate  of  aiuaiB 
one  luund  in  tlie  United  States,  iii  the  form  ol'a  slaladit 
white  and  scmitransparent,  called  Gibbsite;  the  other: 
Siberia,  culled  disapore,  from  the  pro|x;rty  of  fiying  il 
pieces,  or  even  powder,  when  heated,  in  conBcquaice,  i 
doubt,  of  the  vaporization  of  tlic  combined  water- 

1430.  Preparation. — Berzelius  alleges  that  the  alom 
commerce,  if  it  contain'  oxide  of  iron,  should  be  disaoh 
and  recrystallized  Beverul  times;  or  a  Bolution  bein^  tu 
and  allowed  to  gtaud  for  some  time,  the  o\ido  of  iroo 
precipitated  in  yellow  fiockfi.  To  the  solution  of  ahoi 
a  boiling  heat,  a  solution  of  carbonate  of  fjotaiJi  is  lo 
added  in  excess,  and  the  whole  is  lo  l>e  digested  at  ai 
derate  temperature,  to  decomp'->se  any  su{>cr»ulpbat< 
alumina  which  the  alkali  may  have  nrccinitaled. 
precipitate,  after  having  been  collecteu  and  well  wof 
ujwn  a  filter,  is  to  be  redissoived  in  clilorohydric  e 
and  precipitated  by  an  excess  of  ammonia,  citfaer  cai 
or  carbonated.  This  second  precipitation  is  Doccas 
to  get  rid  of  a  |K)rtion  of  carbonate  of  potash,  vith  vl 
the  alumina  forms  a  triple  combination  which  caiuKrt 
decomposed  by  water.  The  precipitate  [)ro<luced  Ofl 
mentioned,  is  to  be  collected  and  carefully  washed.  W 
dried  it  forms  a  hydrate,  which,  by  a  red  hcatf  is  ( 
verted  into  pure  alumina.  One  liundrcd  parts  of  a, 
yield  a  little  more  than  ten  of  the  earth. 

1431.  In  France  a  species  of  alum  is  used,  in  wl 
ammonia  takes  the  place  occupied  by  potash  in  tbe  o 
mon  alum.  By  heat,  which  expels  the  acid  and  aU 
pure  alumina  may  be  extricated  from  this  compound. 

1432.  Properties. — Alumina  is  white,  plastic  when  m 
tened,  soft  to  the  touch,  adherent  to  the  tongue,  inodon 
insipid,  and  infusible  in  the  furnace.  It  is  the  only  a 
which  was  fused  before  the  compound  blowpipe  wu 
vented.  Its  property  of  contracting  and  hardening 
heat,  was  noticed  when  on  the  subject  of  Wedgiroi 
pyrometer. 

1433.  It  is  remarkable  that,  although  quite  insohiU 
water,  this  earth  abstracts  and  retains  a  quantity  of  wi 
amounting  to  15  per  cent,  of  its  weight.  It  is  on 
account  that,  as  an  ingredient  in  clay,  its  influence 
vegetation  is  so  beneficial.    During  rains  it  becomes 
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fith  moiflture,  which  it  slowly  relinquisheB  in  dry 

There  is  a  remarkaUe  difference  in  the  appear- 
he  hydrate  of  alumina  as  obtained  by  precipitation 
Dneentrated,  or  a  weak  solution  of  alum.  In  the 
ase  it  is  a  white,  fiiable,  spongy  powder^  which  ik 
to  the  tongue,  and,  by  exposure  to  a  red-heat, 
h  aU  its  water.  In  the  latter  it  forms  a  transpa^- 
>w  mass,  which  breaks  by  the  heat  of  the  hand 
mooth  and  conchoidal  fracture^  does  not  adhere 
Dgue,  or  swell  by  the  addition  of  water.  In  tins 
e  hydrate  of  alumina  does  not  part  with  all  its 
ren  at  a  temperature  above  that  of  redness. 
Alumina  has  a  great  affinity  for  vegetable  colour^ 
ers,  which  it  consequently  precipitates  from  their 
»  forming  the  pigments  known  under  the  name  of 

This  earth  and  its  salts  are  of  great  use  in  dye- 

lordants  to  cause  the  dyes  to  adhere.    The  latter, 

cases,  have  no  affinity  for  the  organic  fibres  which 

s  dyed;  but  the  alumina,  combinmg  with  bdth  the 

the  fibre,  associates  them  permanently. 

Alumina  is  soluble  in  solutions  of  caustic  potash 

t,  and  even  in  those  of  baryta  and  strontia,  but 

in  liquid  ammonia,  only  to  a  very  small  extent. 

has  an  affinity  for  o^bases  so  strong,  as  to  be 

Mi  as  acting  the  part  of  an  acid  in  some  instances. 

e  acid  and  base  of  alkaline  carbonates  it  fol'ms 

mpounds,  which  will  bear  a  low  red-heat  without 

the  acid,  or  producing  a  more  intimate  union 

the  earth  and  alkali. 

The  affinity  of  alumina  for  magnesia  is  so  strong 
n  separated  simultaneously  from  a  common  sol- 
former  cannot  be  taken  up  entirely  by  tlie  alkali, 
li  the  separation  is  effected.  If  magnesiferous 
after  having  experienced  a  red-heat,  be  subjected 
hydric  acid,  a  white  powder  remains,  which  is  an 
e  of  magnesia. 

Three  properties  serve  to  detect  alumina;  first,  its 
>r  potash,  and  consequent  solubiUty  in  a  solution 
kali ;  secondly,  the  property  which  it  has  of  form- 
salphuric  acid  and  potash,  alumj  so  readily  recog- 
its  crystallization  and  taste;  thirdly,  the  property 
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of  producing  a  fine  blue  colour,  when  moistened 
nitrate  of  cobalt,  and  exposed  to  a  strong  heat 

1440.  In  the  habitudes  of  this  substance,  we  hatre 
exempUfication  of  the  commutable  character  of  el 
chemical  characteristics.    While  with  the  alkalies  tod 
kaline  earths  it  performs  the  part  of  an  acid,  with 
acids  it  acts  as  a  base,  forming  with  them  coro[ 
both  natural  and  artificial.     Among  the  former  i& 
mineral  generally  designated  as  feldspar,  which  is 
posed  of  silicate  of  alumina,  and  silicate  of  potash, 
lain  is  an  artificial  silicate  of  alumina.    Its  existence 
base  in  alum  has  been  mentioned. 

1441*  Alumina  was  named  from  alumen,  the  Latin  ap» 
pellation  for  alum.  The  specific  gravity  of  alumina  is  2. 
It  is  composed  of  two  atoms  of  aluminium,  equivalent  28^ 
and  three  atoms  of  oxygen,  equivalent  24  =  52.  It  isi 
therefore,  a  sesquioxide. 

Experimental  Illustrations. 

1442.  Alumina,  precipitated  firom  a  solution  of  alombf 
an  alkali.  Rendered  blue  by  a  solution  of  nitrate  of  cobalt 
Contraction  sustained  by  exposure  to  heat,  illustrated. 

Of  Chloride  of  Aluminium. 

1443.  The  chloride  of  ahiminium  is  obtained  as  I  have  stated  abm-e. 
(1422.)  It  is  partially  translucid,  lamellated  in  structure,  of  a  groemsh- 
yellow  colour,  and  an  astringent  taste.  Litmus  is  reddened  by  the  action 
of  this  chloride.  It  dissolves  in  water  with  a  hissing  noise,  Whai  the 
solution  is  highly  concentrated,  it  deposites  crystals,  which,  being  converti- 
ble by  heat  into  alumina  and  chlorohydric  acid,  probably  consist  of  one 
atom  of  chloride  of  aluminium,  and  one  atom  of  water.  According  to 
Thenard,  the  chloride  of  aluminium  forms,  with  the  chlorides  of  potassium 
and  sodium,  compounds  indecomposable  by  a  red  heat.  These  may  ^ 
considered  as  formed  by  the  union  of  a  chloracid  with  a  chlorobase. 


SECTION  II. 

OF    GLUCINIl  M. 

1444.  Gluctniam  may  be  obtained  from  itn  oxide,  ^lucina,  by  a  procesa  analogoo* 
to  that  above  described  for  obtaining  the  radical  of  alumina.  Tins  inetai  reHomblM  alu- 
minium in  appearance,  and  in  many  of  ita  properties,  but  differM  from  it  in  not  beii| 
■luceptible  of  ozidizcment  by  a  solution  of  ammonia,  or  by  boilin|r  water. 
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Of  Glucma, 

Glaeiiia  i»  white  and  ta«tel6M.  It  is  insoluble  in  water,  bnt  forma  with  it  a 
Irieli  ia  aoniewhat  adhesive,  but  not  soffioiently  so  to  be  moulded.  It  does  not 

!f  expoaore  tp  heat. 
i  ia  soluble  in  the  caustic  fixed  alkalies,  but  not  in  ammonia.  It  likewise 
i  ia  the  alkaline  carbonates,  and  in  that  of  ammonia  especially,  by  which  it 
rniabed  from  alumina,  as  well  as  bj  its  incapaci^  to  produce  alum,  or  to  as- 
M«0  colour  when  treated  with  mtrate  of  cobalt  it  forms  also  a  flnaoid, 
nth  the  fluoride  of  potassium,  ntecipitates  from  a  hot  solntiim  in  ciystallino 
n  tlia  state  o[  fuogimeinaU  rf  fotrngmmn  (fluoride  gluoinico-potaasique  of 

TIm  equiTalent  of  glucina  is  96,  being  composed  of  one  atom  of  glaeininm, 
aft  I8|  and  one  atom  of  oxygen,  equiyalent  o. 

Glaema  exists  in  (he  emerald,  comprehending  the  beryl  and  aquamarine : 
ha  •aeiass.  In  consequence  of  the  peculiar  sweetness  of  its  salts,  it  was 
^ladna,  ftom  yxwvc,  sweet. 


SECTION  III. 

OF  YTTRIUM. 

Tttriam  was  procured  by  a  process  quite  analogous  to  that  described  for  ala- 
it  has  a  more  metallic  and  crystalline  aspect  uan  that  metal  or  glucinium. 
adea  with  oxygen  and  the  acids  are  perfectly  analogous  to  those  ^  the  me- 
re mentiimtd  It  is  liable  to  be  slowly  oxidued  in  a  solution  of  potash  by 
■npoaitMm  of  water.    Like  glucinium,  it  is  not  oxidised  by  water  even  whm 

Of  Yttria. 

Tttria  is  insipid,  infusible,  and  insoluble  in  water.  It  is  uncertain  whether 
tw  tinge  whico  it  usually  presents,  is  appropriate,  or  produced  by  impurities, 
dered  snow-white  by  the  presence  of  a  smaul  quantity  of  sulphuric  acid.  It 
tt  than  baryta,  being  of  a  specific  grayity  approaching  to  4.842.^  It  is  dis- 
ad  from  other  earths  by  its  insolubility^  in  caustic  alkalies ;  while  it  dissolyes 
carbonates,  especially  that  of  ammonia,  although  in  a  lesser  quantity  than 

Tttria  is  principally  characterized  by  its  susceptibility  of  precipitation  by 

rite   of  potassium  (ferroprussiato  of  potash).     Excepting  thorina,  this  pro- 

KMsessea  by  no  other  earth. 

With  acids  it  forms  salts,  having  a  sweet  taste,  and  in  some  instances  the 

r  the  amethyst.    In  fact,  the  best  means  of  detecting  it,  is  the  production 

phuric  acid  of  crystals  having  this  hue,  which  are  extremely  slow  to  dissolye 

.and  which  effloresce  when  neated.  Its  affinities  are  more  feeble  than  those 

ULslies  or  alkaline  earths. 

This  earth  has  been  found  only  in  three  Swedish  minerals, — Gadolinite, 

taiite,  and  yttro-cerite. 

Fttrium  is  composed  of  one  atom  of  yttrium,  equiyalent  32,  and  one  atom 

n,  equivalent  ti  =:  40. 


SECTION    IV. 

OF  THORIUM. 

„^— first  found,  not  many  years  since,  in  a  single  locality,  in  the 

or  earth,  combined  with  silicic  acid.    It  is  in  the  island  or  Loocun 

A  with,  near  the  little  village  of  Bcrwiff,  in  Norway.    It  was  found  in 

1  nasmbling  obsidian,  and  called  thorite,  which  contained  57  per  cent,  of 
■  «dde  of  uorium,  and  in  addition,  lime,  magnesia,  iron,  manganese,  os- 
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isium,  lead,  tin,  and  n  litllc  alkdi  conibiaed  wtlh  ailicic  Kcid  knd  wilar.   bm 
the  uialfKis  of  Uiii  mineral,  Uerwliua  discoiered  Ihoiioa. 

USIi  fmai  cLIoride  o{  Ihoiinm,  ai  rrum  tbo  other  chlaridM  of  tha  nun* 
pnua,  Ilia  radical  inaj  be  evulreil  bf  idhods  or  polaaamn  and  Iwai.  It  SM 
wiae  bg  nxlricalBd  from  the  ilqublu  flunriilo  o[  ilioriDin  and  iii'UHiaiu.  or  SiHa 
of  puUaaitiiii.    Thurium,  in  its  appcarnnco  anil  in  niany  of  ila  (itopvrii**, 

•emblf*  •liiminiuni  j  bul  diflera  frain  il  in  not ' ■'''■ — '  ■-■■ "■■" 

tng  wnuir,  dilute  Bulphurio  acid,  or  alkaline  to 
air,  thorium  intlunen,  aad  it  aonverted  iuto  Uii 

1*57.  1  do  not  conceive  that  eithflf  thorium,  ot  any  other  of  thoae 
ineTsted  ai  conTcrliblD  by  oiidiismonl  into  the  eartha  proper,  are  uM*  MrtllW 
considered  u  inetala,  Ihan  oarboo  in  the  itate  of  plumbago. 

Of  n-riM. 
145B.  Tborina  i>  whil«.  taitelaM,  aod  inodotoai.     In  common  witii  alnoia 
cina,  and  ytlria,  il  is  capable  of  acting  ai  a  banc  witli  Kaler.     The  rwottinf  h 
of  thotina  it  by  hoat  convertible  into  tlie  anhydrooi  oxide,  ia  a  *taia  of  pm 

1450.  Tboriaa  may  be  known  from  tl*  aulphale  bein^  mora  soluble  ia  oeU  I 
hot  iFatcr.  Il  is  coinpoaed  of  one  atom  of  thorium,  equivalent  €0,  and  ob*  ■ 
axjgea,  equivalent  H^^BIi. 


OF  MRTAU  OF  THE  ALKALINE  EARTHS. 
1  4G0.  Under  tbia  head  are  included  magnanum,  colt 
fntriumy  and  stroHl'mm, 

SECTION  I. 

OF  MAGNESIUM. 
1161.  Mn^nrsiiini  wn=  fir?l  Dhlninnd  In'  ftnssv  fn  1 
by  subjecting  the  chloride  to  the  action  of  potassium, 
manDer  precisely  similar  to  that  already  described  foi 
taining  alomiiiium  (1422),  It  resembles  silver  in  C( 
and  fusibility.  It  is  malleable,  and  has  a  decided  me 
brilliancy.  It  is  oxidized  by  exposure  to  the  air,  i 
boiling  water.  When  sufficiently  heated  in  the  air,  it 
bines  with  oxygen,  and  is  converted  into  magnesia. 
specific  gravi^  is  greater  than  that  of  water. 

Of  Magnesia. 

1463.  This  earth  exists  abundantly  in  a  state  of 
bination  in  nature.  Dr.  Thomson  states  that  a  whole  i 
of  low  hills,  consisting  of  anhydrous  carbonate  of 
nesia,  exist  in  India. 

1463.  Sulphate  of  magnesia  is  one  of  the  salts  \ 
exist  in  the  ocean,  and,  consequently,  when  sea  wai 
evaporated  in  order  to  obtain  common  salt,  the  sn) 
may  be  obtained  from  the  motber-water.    For  the  n 
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tt  of  the-salt  first  aboyementioned,  magnesia  has  been 
J  obtained  in  this  country,  firom  an  American  mineral 
■agnesite,  which  jb  silicate  of  magnesia,  iron,  and 
Mmy  yarieties  of  lime-stone  and  marble  contain 
fluu    The  marble  called  dolomite,  is  especially  well 

as  a  compound  of  lime  and  magnesia.  The  pre- 
3f  magnesia  renders  a  carbonate  less  ready  to  give 
rbcMiic  acid  gas. 

I.  This  earth  may  be  precipitated  from  a  solution  of 
.  salt,  by  adding  a  solution  of  potash  or  soda.  It 
kewise  be  obtained  from  the  carbonate  by  heat 
X.  Properties. — Magnesia  is  white,  has  a  leeble  alka- 
Lste,  and  affects  vegetable  colours  Uke  an  alkali, 
I  feebly.  (1070.)  It  is  nearly  insoluble  in  pure  water, 
isolves  to  a  considerable  extent  in  water  containing 
ic  acid,  forming  a  soluble  supercarbonate. 
>•  Magnesia  is  distinguished  from  the  other  alkaline 

not  only  by  being  less  energetic  in  its  affinities 
Ikaline  properties,  but  by  the  solubility  of  its  sul- 

7.  Magnesia  is  one  of  the  most  fixed  and  refiractoiy 

nces  in  nature,  and  was  deemed  infusible  until  fiised 

in  1801,  with  the  aid  of  the  compound  blowpipe. 

pecific  gravity  of  magnesia  is  2.3,  and  its  equiva- 

Experimental  Illustrations. 

{.  The  precipitation  of  magnesia  from  a  solution  of 
salt,   exhibited;   also  its   effects  upon  vegetable 


». 


SECTION  11. 

JCIUM,  BARIUM,  AND  STRONTIUM,  THE  METALS  OF 
E  THREE  PRK-EMINENTLY  ALKALINE  EARTHS. 

L  These  metals  are  so  much  alike  in  their  habi- 
that  I  deem  it  expedient  to  treat  of  them  under  one 
Their  oxides  constitute  three  of  the  four  earths 
nihed  as  alkaUne,  which  are  pre-eminent  in  alka- 
(1070.)    Next  to  oxygen,  silicon,  and  aluminium. 
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calcium  ia  probably  tlie  most  nbundattt  element  in  tbec 
tion.  Barium  is  cotii[)aTa lively  a  rare  product,  and  si 
lium,  as  an  ingredient  in  our  globe,  is  still  more  spu 
(iislribtited  than  barium.  Neither  exists  excepting  in  i 
binatioD,  and  for  the  most  part  in  the  state  of  oxich 
union  with  an  inorganic  acid,  especially  carbonic  tid 
phtiric  acid. 

Of  tfie  Evoiutioti  of  Calcium,  Barium^  and  Strotitua 

1470.  In  the  last  edition  of  this  Compendium,  it 
mentioned,  upon  the  authority  o(  some  of  the  most 
proved  treatises  of  chemistiy,  that  Davy  had  iso 
calcium.  During  the  winter  of  1838,  being  engagi 
some  efforts  for  obtaining  the  metal  abovemention 
was  induced  to  re-peruse  the  original  lecture  in  whit 
distinguished  chemist  above  named  described  the  ran 
his  attempts  to  isolate  the  metals  in  question. 

1471.  It  should  be  known,  that  by  Secbeck.and  by 
zelius,  and  Pontin,  amalgams  had  been  obtained  of 
cium,  barium,  and  strontium.  From  the  amalgams 
discovered,  Davy  undertook  to  distil  the  mercury;  b 
frankly  declared  that  he  was  in  nowise  certain  thi 
had  succeeded  in  this  object.  In  the  case  of  calciai 
his  "mos/  succp-ssfiir  experiment,  "the  tube  broke  an 
metal  took  fire"  before  the  process  was  completed. 
scquently  to  the  date  of  these  facts,  as  far  as  I  baTC 
enabled  to  learn,  neither  Davy  nor  any  other  manipu 
has  succeeded  in  making  a  less  abortive  experiment 
that  in  which  he  was  most  successful.  This  justifie 
idea,  that  ttiere  has  been  s^omc  irihc-reiit  diiliculiy  v 
could  not  be  overcome  by  the  means  to  which  he  resc 
Agreeably  to  my  experience,  the  weigtit  of  sixty  grai 
mercury,  which  is  the  quantity  which  he  alleges  himsi 
have  employed,  cannot,  by  the  most  powerful  appai 
be  made  to  take  up  a  sufficiency  of  calcium  to  le.1 
perceptible  quantity  of  this  metal  when  the  mercury  it 
tilled  from  the  aggregate.  And  1  fully  concur  with  1 
in  the  opinion,  &at  the  temperature  requisite  to 
mercury  from  an  amalgam,  either  of  calcium,  of  ba 
or  of  strontium,  is  higher  than  glass  will  bear.* 

*  To  enable  Uie  reader  la  judge  of  the  jnatice  of  iny  retnarki 
adranced  bj  Qa*;,  1  will  here  <iUDle  bii  owd  languige. 
"  Thai  to  obUuB  a  complete  decompoMtioD  waacitromoly  di 
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1472.  Having  in  my  treatise  on  galvanism,  or  voltaic 
^tricitj,  given  an  engraving  and  description  of  my  ap- 
itasj  and  an  account  of  my  process  for  the  evolution  of 
metals  in  question,  I  shall  here  only  quote  a  few  words 
Bpectmg  their  properties  as  observed  by  me. 
J473.  **  £itber  metal  was  rapidly  oxidized  in  water,  or 
ti  any  liquid  containing  it;  and  afterwards,  with  tests, 
five  the  appropriate  proofs  of  its  presence.  They  all 
uik  in  sulphuric  acid ;  were  all  brittle  and  fixed ;  and,  for 
ision,  required  at  least  a  good  red-heat.  After  being 
5pt  in  naphtha,  their  effervescence  with  water  was,  on  the 
rst  immersion^  much  less  active.  Under  such  circum- 
aoces  they  reacted,  at  first,  more  vivaciously  with  hydric 
ther  than  with  water,  or  even  chlorohydric  acid ;  because 
I  these  liquids  a  resinous  covering,  derived  firpm  the  naph- 
la,  was  not  soluble,  while  to  the  ether  it  yielded  readily.'' 


SECTION  HI. 

OF  UAfE,  OH  CALCIA,  THE  OXIDE  OF  CALCIUM. 

1474.  TTiis  oxide  exists  largely  in  nature  in  combina- 
ion  with  carbonic  acid,  forming  all  the  varieties  of  marble 
nd  limestone.  Some  kinds  of  white  marble,  especially 
tiat  of  Carrara,  so  celebrated  on  account  of  its  employ- 
lent  in  statuary,  consist  solely  of  this  earth  combined 
dth  water   and  carbonic   acid,  uncontaminatcd   by   any 

Mi-heat  was  required,  and  that  at  a  red-hcat  the  bases  of  the  earths  acted  upon  the 
luf,  and  became  oxygenated.  When  the  tube  was  large  in  proportion  to  the  quan- 
I?  of  amalgam,  the  vapour  of  naphtha  furnished  oxygen  sufficient  to  destroy  a 
irt  of  the  bat»es  ;  and  when  a  small  tube  was  employed,  it  was  difficult  to  heat  the 
lit  used  as  a  retort  sufficiently  to  drive  the  whole  of  the  mercury  from  the  base 
itbout  raisiiiij  too  hi«rlily  iho  temperature  of  the  part  serving  for  a  receiver  so  as 
bar«t  the  tube."  '-When  the  jjuantity  of  amalgam  was  about  fifty  or  sixty  grains, 
Toond  that  tlu*  tube  ciuUi  not  be  eonvcnientlv  Ichs  than  one-sixth  of  an  inch  in 
uneier,  and  of  the  capiuity  of  about  half  a  cubic  inch.  In  consequence  of  these 
ficoltics,  in  a  multitude  <)f  trials  I  had  few  successful  results;  and  in  no  case 
uld  I  be  abnolutely  certiiii  that  there  was  not  a  minute  portion  of  mercury  still  in 
mlNDation  with  the  metals  of  the  earths."*^ 

In  a  subsequent  paragraph  the  distinguished  lecturer  adds :  "  The  metal  from 
ne  I  hare  never  been  able  to  examine  exposed  to  air  or  under  naphtha.  In  the 
•e  in  which  I  was  enabled  to  distil  the  mercury  from  it  to  the  greatest  extent,  the 
be  unfortunately  broke  while  warm,  and  at  the  same  moment  when  the  air  en- 
red,  the  metal,  which  had  the  colour  of  silver,  took  fire  and  burnt,  with  an  intense 
bite  lifht,  into  quicklime."* 


•  See  NicholHon's  Journal,  Vol.  XXI.  for  160b;  or,  Tilloch's  Philosophical  Maga" 
!•,  VoL  XXXIII. 
35 
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Other  matter.    Hence,  if  the  acid  and  water  be  cx\ 
by  heat,  the  lime  will  remain  in  a  state  of  purity, 
ghclls  yield  very  pure  lime  by  heating  them  lo 
descence. 

1175.  When  impure  carbonates  of  lime  arc  exposed'! 
a  very  high  temperature,  the  matter  constituting  the  rapl 
rities  is  prone  to  enter  into  intimate  combinatioa  with 
lime,  impairing  its  causticity,  and   susceptibility  of 
slaking  process.    No  doubt  this  arises  from  a  diniim 
of  nfhnity  for  water.    Tlie  Mine  of  shells  is  soinotiiiies  n>  \ 
tially  converted  into  a  sulphide,  by  sulphur  derived  mm 
the  animal  matter. 

1476.  The  calcination  requires  more  lieat  in  a.  crociUe, 
especially  if  covered,  than  in  an  open  tire;  and  if  the  beat 
be  too  sudden,  the  carbonate  may  be  fused  witliout  tb* 
expulsion  of  all  the  acid,  which  is  afterwards  more  leofr- 
ciously  retained.  The  extrication  of  the  carbonie  acid  is 
promoted  by  a  current  of  steam,  or  of  any  other  a^rifbm 
fluid.  But  steam  is  preferable,  as  it  is  more  easily  pm- 
cured,  and  cannot  be  productive  of  impurity.  TIte  ra- 
tionale is,  that  homogeneous  aeriform  particles  interfere 
with  each  other  more  than  heterogeneous,  which,  agree- 
ably to  the  Daltonian  doctrine,  to  a  certain  extent  oppo« 
no  resistance  to  reciprocal  intermixture  and  pcnotratioB. 

1477.  After  the  first  calcination,  Berzelius  recomnwDds 
that  the  lime  be  slaked,  and  again  calcined  in  aa  opea 
cnicible. 

1478.  Properties. — The  colour,  taste,  and  smell  of  Hui 
earth,  are  well  exemphfied  in  the  best  kinds  of  lime  used 
in  building  (sometimes  called  quicklime),  which  is,  stricti}' 
speaking,  oxide  of  calcium,  isolated  from  the  water  and 
carbonic  acid  usually  united  with  it  as  found  in  nature. 

1479.  Quicklime  has  the  property  of  combining,  as  a 
base,  with  water,  acting  as  an  acid.  (82(i.)  Tin;  water  be- 
coming, in  conse<iuence,  consolidated,  abandons  its  latent 
heat,  or  caloric  of  fluidity.  Hence  great  sensible  beat  is 
excited,  and  when  the  mass  undergoing  the  change  is 
large,  ignition  occasionally  ensues.  The  lime  is  by  these 
changes  rendered  pulverulent,  and  is  said  to  be  slaked. 
The  process  is  called  slaking.  The  slaked  lime  thus  pro- 
duced, is  by  chemists  called  hydrate  of  lime.  (826.)  Quick- 
lime is  productive  of  heat,  even  when  triturated  with  snow. 

1480.  Water  takes  up  about  yisth  of  its  weight  of  tbia 
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rth,  fimaing  lime-water.  On  this  a  pellicle  is  generated, 
[>n  after  exposure  to  the  air,  by  the  union  of  the  lime 
th  the  carbonic  acid,  which  always  exists  in  the  atmo- 
tiera.     - 

1481.  In  lime-water,  some  metallic  oxides  are  soluUe, 
lecially  those  of  lead  and  mercury.  It  follows,  from  the 
initioo  of  acidity  and  basidity,  that  in  the  resulting  eom- 
mds,  the  oxides  of  the  metals  proper  act  as  acids,  while 
It  of  cakinm  acts  the  part  of  a  base.  (629,  &c.)  The 
>perty  which  lime  has  of  affecting  vegetable  colours, 
e  an  alkali,  has  already  been  noticM.  (1065,  &e.) 
lough  lime  is  precipitate  fix>m  the  aqueous  solution, 
lown  as  lime-water,  by  carbonic  acid,  yet  an  excess  of 
is  acid  being  supplied,  the  precipitate  is  re^tissolved.  It 
in  this  way,  no  doub^  that  the  water  in  limestone  coun* 
ies  becomes  charged  with  this  earth. 

1482.  The  hardening  of  mortar  is  ascribed  by  Berzelins 
die  affini^  between  the  lime  and  the  siUcic  acid  in  the 

nd*    Hence  the  necessity  of  this  ingredient. 

Experimental  lUustratione. 

1483.  Cbaracteristic  changes  produced  in  vegetable  co- 
)un9  by  the  solution  of  the  earth  in  water,  called  lime- 
ater.  A  glass  of  lime-water  is  not  made  turbid  by  air 
am  a  bellows,  but  becomes  so  on  propelling  the  breath 
irough  it  Absorption  of  carbonic  acid  by  lime-water, 
bown.  Solution  of  lime  by  an  excess  of  the  acid.  Lime 
recipitated  from  solutions  of  its  muriate  or  nitrate,  by 
dphuric  or  oxalic  acid. 

Of  Peroxide  or  Bioxide  of  Calcium* 

1484.  Oxygen  is  absorbed  when  passed  over  lime  heated 
►  incandescence.  By  adding  lime-water  to  oxygenated 
ater,  acidulated  with  muriatic  acid,  Thenard  procured 
rjsUds  of  bioxide  of  calcium.  (853,  &c.) 

Of  Baryta. 

1485u  ThiB  earth  was  named  from  the  Greek  &ifvc,  heavy; 
man  the  minerals  containing  it  are  peculiarly  heavy, 
Im  compared  with  other  earthy  substances. 
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1486.  Preparation. — To  procure  baryta,  eight  parU 
tho  sulphate,  finely  pulverized,  slioiilil  be  iiitimatiUy 
gled  with  one  of  charcoal,  and  afterwards  triturated 
two  parts  of  resin,  sugar,  molasses,  or  wheat  flour, 
mixture  is  to  be  kept  at  a  white  lieat,  in  a  II(>»;ian 
ble,  for  three-quarters  of  an  hour. 

14S7.  The  sulphate  of  baryta,  by  being  deprived  of  ■ 
gen,  becomes  converted  into  a  sulphuret  of  barium,  l 
yields  a  nitrate  of  baryta  on  the  addition  of  uitric 
The  filtered  solution  by  evaporation  yields  crfstals  of 
nitrate,  which  should  be  decomposed  in  a  porcelain  ori 
tinum  crucible.  This  operation  is  tedious ;  since  the  IkbC 
cannot  be  urged  beyond  a  certain  degree  of  tntcttsilf. 
without  causing  the  salt  to  rise  up  in  a  foam,  so  as  to 
overflow  the  crucible.  If  the  heat  be  arreste<l  at  a  certaii 
stage  of  the  process,  Berzeiius  alleges  that  a  portion  of  ■■■ 
trou8  oxide  remains  united  with  the  earth,  forming  a  coo- 
pound  which  has  been  mistaken  for  bioxidc  (*' suroxide") 
of  barium. 

1488.  Neither  the  carbonates  nor  hydrates  ofborytiiOr 
of  strontia  are,  like  those  of  lime,  decomposable  per  n  by 
heat.  The  addition  of  carbonaceous  matter  enables  n* 
to  decompose  them;  as  it  changes  the  carbonic  acid  mto 
carbonic  oxide,  which  lias  no  aflinity  for  the  earthe,  and,  | 
therefore,  escapes.  ' 

1489.  Properties. — Baryta  is  acrid,  slakes  like  liiDe,ilHl 
is  more  soluble  iti  water.  It  is  more  actively  alkaline, 
both  as  respects  its  taste  and  its  action  on  vegetaUo  co- 
lours, than  any  other  earth.  It  is  gray  at  first,  bat  ab* 
BOrbs  water  and  becomes  white.  Its  aqueous  solutionis 
rendered  milky  by  carbonic  acid,  and,  by  combining  with 
it,  becomes  covered  with  a  pellicle  of  carbonate,  when  ex- 
posed to  the  atmosphere.  From  its  solution  in  boiling 
water,  baryta  crystallizes  on  cooling. 

1490.  i^Iutions  of  Imrium,  whether  in  the  state  of  a 
hydrate,  arelnte.  nirrsile.  or  rlilnride.  are  very  useful  >« 
tests  fur  :^iii|.liii|-ic  ;iri(l.  ■nliicli.conihniiiiL'  \miIi  llic  o\idcof 
barium  (baryta),  previously  existing  in  tlie  hydrate  or  ni- 
trate, or  formed  from  the  chloride  by  the  decomposition  d 
water,  is  precipitated  by  them  from  any  liquid. 

1491.  Ignited  intensely,  it  absorbs  oxygen  if  exposed  to 
it,  and  passes  to  the  state  of  bioxide.  This  earth  is  potson- 
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MS.  Its  specific  gravity  is  4,  and  its  equivalent,  formed 
of  one  atom  of  barium  =  69,  and  one  of  oxygen  =  8 
1=77. 

Experimental  Illustrations. 

1492.  Baryta,  free  from  water,  exhibited;  also  in  crys- 
bds.  Barytic  water  rendered  milky  by  the  carbonic  acid 
dT  the  breath.  Solutions  of  baryta,  and  of  sulphuric  acid, 
introduced  into  distinct  vessels  of  pure  water,  have  no 
B^t;  but  portions  mingled  in  the  same  vessel  produce 
I  cloud.  Water,  coloured  by  alkanet,  turmeric,  &c., 
Ranged  by  baryta,  as  by  an  alkali. 

Of  Strontia. 

1493.  This  earth  is  very  analogous  to  baryta  in  its  pro- 
perties and  composition.  It  is  distinguished  from  baryta, 
by  the  red  colour  which  its  solutions  communicate  to  flame, 
by  its  crystallization,  and  by  its  being  more  soluble  in  boil- 
ing water  and  less  so  in  cold.  Excepting  baryta,  it  is 
more  actively  alkaline  than  any  other  earth,  both  as  re- 
spects taste  and  its  action  on  vegetable  colours. 

1494.  Strontia  water  is  not  like  that  of  baryta  precipi- 
tated by  a  dilute  solution  of  the  sulphate  of  potash,  or 
that  of  soda,  and  when  added  to  a  solution  of  bichromate 
of  lead  its  power  as  a  precipitant  is  inferior. 

1495.  Strontia  may  be  obtained  from  the  carbonate  or 
sulphate,  by  a  process  in  every  respect  similar  to  that 
which  has  been  described  as  the  means  of  procuring  ba- 
ryta. 

1496.  The  equivalent  of  this  earth  is  52. 

Experimental  Illustrations* 

1497.  Turmeric,  alkanet,  and  red  cabbage,  changed  by 
8trontia-water,  as  by  alkalies.  Red  colour  of  the  flame  of 
alcohol,  containing  strontia,  shown.  Eflects  of  the  aque- 
ous solutions  of  the  alkaline  earths  on  a  solution  of  bichro- 
mate of  lead. 

Of  the  peroxides  or  Bioxides  of  Barium  and  Strontium. 

1498.  When  the  protoxides  of  barium  and  strontium 
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arc  heated  in  contact  with  osygen  gas,  they  abeorb  it,ll 
are  converted  into  bioxides.     VVhca  an  aqueous  ratal' 
of  these  earths   is  added    to  oxygenated  water,  ibe  \ 
oxides  of  their  metallic  radical  are  precipitalcd  in  a  crjt\ 
talline  form. 

1499.  It  was  by  meana  of  a  bioxide  of  barium  tboi  j 
cured,  that  ThcnanI  wau  enabled  to  obtain  oxw 
water-  (853.)    The  bioxide  of  barium  was   dissolved  i 
chloroliydric  acid.    By  adding  milphuric  acid,  suli^ttd 
baryta  was  precipitated,  in  wliich  half  of  the  oxj'gen  oftf 
bioxide  was  retained,  the  otJier  half  being  left  in  contlaH 
tion  with  the  water  of  the  solvent.     Tliia  operation  1 
repeated  several  times,  the  liquid  became  more  and  l 
surcharged  with  osygen.     Afterwanls,  the  chlorine  oii 
acid  was  precipitated  by  sulphate  of  silver,  and  the  I 
phuric  acid,  thus  introduced,  by  baryta.    Finally,  tbs  I 
oxide  being  h:as  susceptible  of  vaporization  than  i 
this  liquid  was  removed  by  evaporation  in  vacuo  ovec  ■ 
phuric  acid.  (399.)    Thus  isolated,  the  oxj'geuatcd  watei 
was  ascertained  to  deserve  the  appellation  of  bioxide,  betng 
found  to  hold  two  equivalents  of  osygen  for  one  of  hy- 
drogen. 

OF  THE  METALS  OF  THE  FIXED  ALKALIES,  OR  ALKALffl- 
ABLE  METALS,  POTASSIUM,  SODIUM,  AND  LITHail. 


OF  POTASSIUM. 
1500.  The  discovery  of  potassium  and  sodium  was 
made  by  Sir  Humphry  Davy,  in  1807,  by  exposing  their 
oxides,  potash,  and  soda,  to  the  divcllcnt  influence  of  tbe 
Voltaic  current.  These  metals  were  afterwards  obtained 
more  copiously,  by  subjecting  tbe  alkalies,  in  contact  with 
iron  in  a  divided  state,  to  intense  heat  in  a  luted  guo  ba^ 
rel.  Latterly,  they  have  been  obtained,  with  still  greater 
Eicility,  by  heating  the  carbonates  intensely,  while  iniw- 
mingled  with  charcoal.* 

*  In  Rrunner'i  procew,  biturtnte  of  potuh,  o(  carWiniud  cream  of  Urlu,  wUA 
oonualx'rrubonalBorputuhintimBtal;  inurminslcd  witbUic  tcudiuJoutMaofAl 
dccnmpuwjil  tartaric  »r.'d,  u  nibjaetcd  to  iatuaoo  boil  la  a  luted  iran  morcnij  haltt^ 
mme  eoatiMly  powdarei)  charcoal  being  adrlcd,  Tlie  polauium  wii  can*B]p«d  M* 
■  GoppsT  tmmI  containing  naplitlia  ai  it  camo  over  flora  tbe  botlla.  Foi  t^i*  raaA 
1  fatv*  nibatitut»d  an  iron  tuba,  which  becumea  finally  full  of  Um  bmUI  and  •  laM 
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1.  The  alkaline  metal,  whether  potassium  or  sodium, 
volatile  at  any  temperature  above  redness,  is  extri* 
in  the  state  of  vapour,  and  condensed  in  a  part  of 
laratus  where  the  neat  is  below  redness. 
L  Prcmrties. — ^Potassium,  when  newly  cut,  strongly 
les  silver  in  appearance.  It  is  malleable,  and  so 
cxrdinary  temperatures,  as  to  be  moulded  between 
gers  like  wax.  When  cooled  to  32^,  it  becomes 
and  exhibits,  when  broken,  a  crystalline  fracture. 
8  at  106%  and  is  converted  into  vapour  when  heated 
tie  below  redness.  When  exposed  to  the  air  at  the 
ry  temperature,  it  absorbs  oxygen  rapidly,  and  is 
ted  into  potash.  This  absorption  is  sometimes  so 
especially  when  aided  by  friction,  as  to  cause  the 
nation  of  the  potassium.  I  once  lost  half  an  ounce 
issium,  in  consequence  of  attempting  to  extricate  it 
djnff  the  containing  bottle  by  a  me;  it  took  fire,  and 
tirdy  oxidized.  The  affinity  of  this  metal  for  oxy- 
so  strong,  that,  when  thrown  upon  water  or  ice,  it 
les  with  Uie  oxygen;  while  the  hydrogen  takes  up  a 
I  porti(Mi  of  the  potassium,  and  bums  with  a  beauti- 
e-coloured  flame.  Potassium  is  lighter  than  water, 
cific  gravity  being  only  0.86.  It  is  a  good  conduc- 
leat  and  electricity.    Its  atomic  weight  is  40. 


SECTION  II. 

OF  SODIUM. 


t.  Properties. — Sodium  resembles  potassium  in  its 
emce,  and  in  many  of  its  properties.    It  retains  its 


,  which  lublimes  during  tho  oporatinn.  The  tube  is  then  removed,  and 
Barest  the  bottle  screwed  into  a  taperin^tube,  while  the  other  orifice  is 
1  cap,  into  which  it  fastens  by  screwing.  The  tube  is  then  placed  vertically 
5«,  tbroo^rh  the  bottom  of  which  the  tapering  tube  extends  so  as  to  be  oat 
f  cyf  the  neat  Under  the  orifice  of  this  tube,  a  vessel  may  be  placed  con- 
De  naphtha,  to  receive  the  potassium  as  it  descends  in  globules,  afler  fusion 
Ation  from  the  state  of  vapour.  Tho  last  portions  are  not  evolved  before 
I  the  furnace  reaches  a  wliite  heat.  The  principal  source  of  disappoint- 
Inmner's  process,  is  the  failure  of  the  lutmg.  When  this  happens,  the 
lb  woon  burnt  through.  I  have  found  it  advantageous  to  secure  the  iron 
phjed  in  this  process,  while  supported  vertically  in  the  furnace,  by  a  stout 
if  ^0  same  metal,  the  whole  resting  upon  an  iron  disk  supported  by  bricks 
WWlain  earth. 

1 1  piocured  last  winter,  at  one  operation,  more  than  six  ounces  of 
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softness  and  malleability  when  cooled  to  32^.  A  globofe 
of  sodium,  thrown  upon  water,  swims  to  and  fro  on  the 
surface  with  great  rapidity,  absorbing  oxygen,  and  etdf-  )| 
ing  hydrogen  from  the  water;  yet  no  inflammation  enneii 
This  is  probably  owing  to  the  rapidity  of  its  motion, 
which,  by  bringing  it  in  contact  with  successive  portioitf 
of  water,  keeps  the  temperature  below  that  which  k  ne- 
cessary to  combustion ;  since,  when  the  water  is  thickened 
with  a  little  gum,  which  tends  to  impede  the  motioQ  of 
the  globule,  sodium  bums  with  a  brilliant  yellow  flune. 
The  presence  of  an  acid  produces  the  same  result.  The 
aflinity  of  sodium  for  oxygen,  does  not  appear  to  be  so 
strong  as  that  of  potassium;  since,  according  to  Thenaid, 
it  is  not  oxidized  when  exposed  to  dry  atmospheric  air,  or 
oxygen.  It  melts  at  194°,  and  for  volatilization,  requiM 
a  higher  temperature  than  potassium. 

1504.  Sodium  forms  a  number  of  alloys  with  potasduo; 
one  of  these  remains  fluid  at  32%  and  is  lighter  than  napl^ 
tha.  The  specific  gravity  of  sodium  is  0.97223.  It  is 
a  ^ood  conductor  of  heat  and  electricity.  Its  atonic 
weight  is  24. 

Experimental  Illustrations. 

1505.  The  inflammation  of  potassium  and  sodium  opoo 

water  and  ice,  exhibited;  also  the  regeneration  of  (he 
alkali,  (Icmonstrated  by  the  usual  tests.  The  decomposi- 
tion of  potash,  by  iron  card-teeth,  heated  to  incandescence. 
Apparatus  for  its  evolution,  exhibited. 

Of  Potash  or  PoiassOj  and  Sochu  the  Protoxides  of 

Potassium  and  Sodium. 

ir)()().  A  ley,  obtained  by  the  lixiviation  of  the  ashes  of 
inland  i)hints,  espc^cially  wood,  \\\\v\\  boiled  down,  yields 
the  potash  of  commerce.  Potashes  ignited  so  as  to  de- 
stroy vei^c^tahle  colonring  matter  and  other  ini|)nnties,  again 
dissolved,  and  boiled  to  dryness,  form  |)earlash.  Pearlasbi 
dissolved  in  water,  boiled  with  lime  to  remove  the  carbonic 
acid,  filtcTcd,  and  boiled  down  to  the  consistency  of  moist 
sugar,  dissolved  in  alcohol,  and  boiliul  down  gradually,  and, 
lastly,  fused  at  a  red-heat  in  a  silver  vessel,  forms  the  pot- 
ash, or,  more  strictly,  the  Injdnitc  of  |)()tash  of  elu»mist5« 
If,  as  soon  as  the  alcohol  has  escaj)ed,  the  residual  ma?^ 
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be  rafirifferated,  it  cmtallizes.  After  fusion  at  a  red-lieat, 
the  alkdi  contaiss  aboat  20  per  cent*  of  water,  existing  in 
it  M  in  acid,  and  of  whichy  per  se,  it  cannot  be  deprived 
bj*  beat* 

1507«  Pure  carbcMiate  of  potash  may  be  procured  firom 
bitartrate  of  potash,  whether  carbonized  by  neat,  or  defla* 
gmted  with  pure  nitre,  by  subjecting  the  residue  to  water, 
ttid  the  resulting  solution  to  heat,  to  yaporixe  the  solvent 

1506.  To  obtain  pure  potash,  or  in  other  vrords,  to  re- 
BM>ve  carbonic  acid  from  the  alkali  of  a  carbonate,  Berzelius 
advises  the  addition  of  one  and  a  half  parts,  by  weight,  of 
pare  hydrate  of  lime,  to  one  part  of  a  pure  carbonate,  ol>- 
taiDed  as  abovementioned,  dissolved  in  a  cauldron,  and  kept 
bculing.  The  lime  is  not  to  be  added  at  once,  but  gra- 
dually; as  without  this  precaution,  the  resulting  carbonate 
of  lime  retains,  like  a  sponge,  a  great  part  of  the  alkali. 
The  liquid  is^to  be  tested  by  an  acid  or  by  lime-water, 
ODtfl  it  ceases  to  indicate  the  fnresence  of  carbonic  acid. 
After  this,  it  may  either  be  kept  in  a  liciuid  state,  or  evapo- 
mted  till  it  crystallizes,  and  preserved  in  crystals ;  or  bemg 
ignited  till  it  becomes  fused,  and  poured  out  on  a  slab,  or 
into  moulds,  it  may  be  preserved  in  the  state  of  hydrate. 

1509.  I  have  used  for  the  purpose  last  mentioned,  the 
moulds  usually  employed  for  casting  musket  balls.  The 
spherical  form  presenting  the  least  surface  in  proportion 
to  the  mass,  is  favourable  to  the  preservation  of  a  sub- 
stance liable  to  be  deteriorated  by  contact  with  the  atmos- 
phere. 

1510.  The  crystals  of  potash,  thus  procured,  arc  always 
iree  from  carbonic  acid,  and  if  derived  from  a  pure  carbo- 
nate, excepting  water,  may  constitute  pure  potash.  But 
Vihen  pearlash  is  the  carbonate  employed,  alcohol  must  be 
resorted  to,  after  the  caustic  ley  has  been  evaporated  to 
the  consistency  of  moist  sugar,  in  order  to  get  rid  of  the 
impurities.  This  liquid  combines  with  the  pure  potash, 
^hile  a  portion  of  water  contained  in,  or  formed  from,  the 
^tcohol,  separates  from  it  in  union  with  the  impurities. 

1511.  Soda  is  obtained  from  the  ashes  of  certain  plants 
^Ittdi  now  on  the  sea-shore,  as  potash  is  by  the  incmera- 
^  ofthose  which  grow  inland.  It  is  procured  also  from 
^Uoride  of  sodium,  and  sulphate  of  soda. 

1513.  Soda  is  purified,  and  procured  in  the  state  of  by- 
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drate,  or  in  crystals,  by  a  process  analogous  to  that  aboYC 
described  for  its  kindred  alkali. 

1513.  Properties  of  Potash  and  Soda. — Potash  and  soda 
are  of  a  grayish-white  colour,  and,  in  common  with  other 
alkalies,  have  a  peculiar  taste.  They  render  tincture  of 
turmeric  brown,  syrup  of  violets  green,  and  alkanet  blue. 
Colours  changed  by  acids,  are  restored  by  them.  Thej 
are  the  opposites  of,  and  antidotes  to,  acids,  and  capable  of 
forming'Vith  them  neutral  compounds,  or,  in  other  words, 
such  as  are  neither  acid  or  alkaline.  They  are  incor- 
rectly said  to  render  vegetable  blues  green,  as  if  this  were 
universally  true.  Alkanet  is  made  blue  by  them,  while 
neither  litmus  nor  indigo  is  rendered  green.  (1065,  AlC.) 

1514.  Although  potash  is  more  soluble  than  soda,  and 
is  deliquescent,  while  soda  effloresces;  yet  the  salts  of 
soda  are  more  soluble  than  those  of  potash.  Both  cau- 
terize the  flesh.  Potash  is  the  more  active.  Commoa 
caustic  is  an  impure  hydrate  of  this  alkaU. 

1515.  Crystallized  potash  contains  four  atoms  of  water 
to  one  of  the  oxide,  of  which  three  only  can  be  expelled  bjr 
heat.  After  fusion  it  may  be  called,  however  paradoxical 
it  may  seem,  an  anhydrous  hydrate,  though  not  an  anhy- 
drous oxide.  Both  potash  and  soda  fuse  when  subjected 
to  a  red-heat.  The  atomic  weight  of  potash  is  48,  that  of 
soda,  32.  The  hydrate  of  potash  consists  of  one  atom  of 
alkali,  and  one  of  water. 

1516.  Potash  may  be  distinjj^uishcd  from  soda,  by  its 
forming  salts  nearly  insoluble  in  water  with  tartaric,  or 
oxychloric  acid;  while  those  formed  by  soda  \\itli  the  same 

'iicids  arc  soluble.      Chloroplatinic  acid    causes  a  yellow' 
precipitate  with  potash,  but  not  with  soda. 

Exjwrimcntal  Illustrations. 

1517.  Characteristic  changes  produced  in  veixetablo  infu- 
sions, as  in  previous  illustrations.  (K)?.").) 

1518.  To  a  saturated  solution  of  potash  and  soda,  or 
their  carl)onates,  a  saturated  solution  of  tartaric  acid  Ix'ini 
added  in  excess,  crystals  are  yielded  by  the  potash  only. 
Into  diilerent  salts  of  the  two  alkali(\^  in  solution,  chloro- 
platinic acid  behig  |)oured,  a  yellow  precipitate  distinguishes 
the  potash. 
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Of  tk€  Peroxides  and  Suboxides  of  Potassium  and  Sodium. 

519.  Peroxide  of  potassium  is  produced  by  the  combustion  of  potassium  on  a 
te  of  silrer  in  oxygen  gas,  in  which  case  the  metal  acquires  three  times  as  much 
^gen  as  it  holds  in  the  state  of  potash.  The  peroxide  is  also  obtained  when  nitre 
intensely  heated,  or  when  potassium  is  deflagrated  with  nitre. 

1520.  Two  parts  of  sulphate  of  potash,  ignited  intensely  with  one  of  lampblack, 
'e  a  pyropborus  which  takes  fire  spontaneously  with  scintillations  in  the  air.  This 
•es^no  doobt,  from  the  extreme  state  of  division  in  which  carbon,  potassium,  and 
l^ar  exist  in  the  residual  mass. 

1521.  The  peroxide  of  potassium  is  of  a  greenish-yellow  colour,  and  possesses 
tit  of  the  properties  of  the  protoxide,  excepting  that  of  acting  as  a  base.  When 
>0£ht  in  contact  with  water  or  acids,  it  is  decomposed  into  potash  and  r^xjgen. 

1522.  7%«  peroxide  of  sodium  is  of  a  greenish-yellow  colour  also,  and,  in  its  pro- 
rties,  is  analogous  to  the  peroxide  of  potassium,  except  that  at  a  high  temperature 
ibandons  part  of  its  oxygen,  and  is  converted  into  protoxide.  It  cannot,  there- 
"e,  be  obtained  by  burnmg  sodium  in  an  excess  of  oxygen;  since  the  heat  produced 
the  combustion,  would  decompose  the  peroxide,  if  already  formed.  In  order  to 
M:ure  it,  it  is  necessary  to  heat  soda  in  contact  with  oxygen.  The  pejroxide  of  so- 
im  contains  one  and  a  half  atoms  of  oxygen,  united  to  one  of  metal. 

id23.  Berzelius  mentions  that  suboxide  of  potassium  may  be  obtained  by  heating 
i  metal  in  a  quantity  of  oxygen  inadequate  for  its  saturation;  also  by  exposing  to  a 
nperature  of  about  40^  F.,  a  mixture  of  hydrate  of  potash  and  potassium,  in  equi- 
lent  proportions;  in  which  case  the  metal  is  oxidized  at  the  expense  of  the  com- 
led  water,  the  hydrogen  escaping.  The  anhydrous  protoxide  may  be  obtained  in 
9  manner,  by  heating  potassium  with  a  greater  quantity  of  the  hydrate.  Turner 
tges,  however,  that  the  suboxide  of  potassium  is  generally  regarded  by  chemists 
lothinff  more  than  a  mixture  of  potassium  and  potash. 

524.  According  to  Berzelius,  a  suboxide  of  sodium  may  be  obtained  by  the  same 
ms  a*  the  aoboxide  of  potassium,  substituting  the  one  metal  for  the  other.  The 
le  uncertainty,  however,  prevails  with  regard  to  it,  as  with  regard  to  the  suboxide 
potaanam. 

525.  When  potassium  or  sodium  is  heated  in  ammonia,  it  combines  with  nitrogen 
1  liberates  hydrogen,  and  the  resulting  nituret  absorbs  ammonia;  so  that  we  have 
ombination  of  two  binary  compounds  of  nitrogen,  which  may  possess,  to  a  small 
ent,  the  relation  of  acid  and  base.  There  are,  however,  no  phenomena  in  che- 
Jtry  which  are  more  anomalous  than  those  which  are  associated  with  the  produc- 
1  and  evolution  of  this  compound.  Nevertheless^  as  its  nature  is  unintelligible 
n  to  adepts,  I  shall  not  present  the  details  hero. 

■»2C.  I  hinted,  when  entering  upon  the  subject  of  nitrogen,  that  it  would  be  seen 
he  sequel,  that  it  was  not  destitute  of  pretensions  to  a  place  in  the  basacigen 
u.  It  was  in  reference  to  the  phenomena  above  alluded  to,  that  I  made  that  re- 
rk. 

527.  If  nitrogen  form  the  common  ingredient  in  two  compounds,  one  electro- 
pitive,  the  other  electropositive,  which  combine  to  form  a  third,  it  fulfils  the  con- 
ion  of  a  body  producintr  both  an  acid  and  a  base,  and  is  of  course  a  basacigen 
ly.  Yet  it  has  already  been  pointed  out  that  there  is  no  class,  of  which  some  of 
members  do  not  display  properties  which  might  cause  them  to  be  placed  in  ano- 
T  class. 

Of  Phosphurct  of  Potassium. 

lo88.  Phosphorus  and  potassium,  heated  together  in  nitrogen  or  hydrogen  gas, 
Dbine  with  the  phenomena  of  combustion.  In  phosphuretted  hydrogen,  potassium 
THi,  combining  with  phosphorus,  and  liberating  the  hydrogen. 
529.  This  p  losphuret  decomposes  water,  but,  according  to  Berzelius,  the  gas 
>lTed  does  not  inflame  spontaneously. 

Of  the  Compounds  of  Potassium  with  Carbon,  Boron,  and  Silicon. 

1530.  The  black  matter  which  remains  after  the  distillation  of  potassium,  as  ob- 
''•iby  Brunner's  process,  is  allegrcd  by  Berzelius  to  be  a,  pcrrarhuret  of  potassium. 
Jjea  moiftencd  it  inflames,  no  doubt  by  dccomposinff  water,  and  evolving  potassu- 
*«l  hydrogen.  The  black  matter  whidi  obstructs  tne  tube  used  in  the  evolution 
potunmn  by  the  process  above  mentioned,  is  also  held  to  be  a  carburet  (loOl  ) 

1531.  Theee  carburets  1  have  found  useful  in  purifying  naphtha,  by  its  distillation 
lb  then.     After  undergoing  this  ordeal,  potassium  may  be  kept  in  it  with  less  ap- 
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BECTiON  111. 

OF   LITHIUM. 

153-1.  A  fixed  alkali  was  discovered,  id  IStS,  by  Mr.  AriVedson,  tofdH 
in  small  proportion,  aa  an  ingredient  in  a  mineral  oMei  peCaliut.  Hlll^ 
terwards  discovorod  il  in  two  othor  minerals,  called  apodunMlie  Hid  kf^ 
lite.  AlluHion  to  this  alkali,  and  tho  origin  of  its  name,  w«a  mtdt  univ 
IliB  head  of  Ammonia.  (1091.) 

1535.  By  the  influeDce  of  ibo  Voltaic  pile,  decided  indlcallonia  ba*e  bwB 
obtainM  of  the  existence,  in  lithia,  of  a  metallic  radical.  Tu  ihis  t&eouff 
of  lithium  has  been  given.  Lithium  re9emble§  sodium  in  appearand,  to 
atomic  weight  is  6. 

Of  LUkia. 

1530.  Lilhia,  known  only  in  the  state  of  hydrate,  is  white,  otiMlk^  nJ 
has  all  tbo  atlribtitcs  of  an  nlklili-  When  liihia,  whether  in  ifae  tum  ^ 
carbonate  or  uncombinrd,  is  hcntcd  in  contact  with  platinum.  th«  mtttl '»  u- 
lackcd,  and  a  compound  is  formed,  which,  accordinu  lu  Tlipnardt  pn>taUy 
consists  of  the  oxide  of  platinum,  united  lo  tho  ojtido  of  liiliiuni,  m  nnw 
of  course  be  a  platinalo  of  lithia.  Lithia  is  composed  <iJ"  one  atom  <rf 
lithium,  equivalent  6,  and  one  atom  of  oxygen,  equivalent  8  ^  Ii. 

1587.  Lithia  is  less  soluble  in  water  or  alcohol  than  soda  or  pala«h.  I» 
carbonate  is  less  soluble  in  water  than  the  carbonates  of  tho«e  olkilix- 
Tlie  chloride  of  lithium  is  delique<9C(rnt,  and  soluble  in  alcohol,  the  ffc» 
phale  of  lithia  is  insoluble  in  water;  in  which  respects  thisse  compM*^ 
ditlbr  Irnm  the  corresponding  combinations,  formed  by  llm  other  finaift*' 
lice,  or  their  radicals. 

Cf  the  Reaction  of  Chlorine,  Bromine,  Iodine^  /7wortii*> 
and  Cyanogen,  tinlh  the  Metals  of  the  Earths  and  A&H- 
lies. 

1538.  Id  a  former  edition  of  this  work,  it  was  mentkaed 
that  for  aluminium,  gtuciuium,  yttrium,  thorium,  and  mU' 
nesium,  chlorine  has  not  sufficient  affitiity  to  expel  tfe 
o^gen  from  their  oxides;  and  that  it  wan  only  in  ib^ 
state  of  oxide  that  they  could  be  subjected  to  the  gt»> 
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L8  been  already  stated,  that  Oersted  ingeniously  con- 
)d  to  enaUe  chlorine  to  combine  with  aluminium,  by 
co-operating  affinity  of  intermingled  carbon  for  the 
l&k  with  which,  in  the  state  of  earth,  this  metal  is 
ed :  also,  that  a  similar  process  had  been  successfully 
byed  to  obtain  the  chlorides  of  glucinium,  jrttrium, 
ium,  and  magnesium.  The  most  important  considera- 
,  associated  with  the  existence  of  these  chlorides,  is 
-  susceptibility  of  decomposition  by  potassium,  and  tbe 
sequent  isolation  of  their  metallic  rsudicals. 
>39.  When  the  oxides  of  calcium,  barium^  strontium, 
Lssium,  sodium,  and  lithium  are  heated  in  chlorine,  these 
als  are  conyerted  into  chlorides,  the  oxygen  being  dis- 
ed.  Potassium  and  sodium  bum  actiyefy  in  chlorine, 
it  appears  probable  that  any  of  the  metals  of  the  al- 
»  or  alkaline  earths  may,  with  heat^  if  not  without,  be 
:tly  combined  with  any  of  the  halogen  bodies.  The 
9  combinations  may  be  obtained  in  the  wet  way  by 
plex  affinity,  on  presenting  their  oxides  to  the  acids 
led  by  these  bodies  with  hydrogen. 
540.  The  chlorides  of  the  metals  of  the  alkalies,  and 
he  alkaline  earths,  are  all  soluble,  and  some  of  them 
quescent.  When  in  solution,  they  contain  the  same 
oents  as  if  they  were  chlorohydrates  of  oxybases;  and 
therefore,  considered  as  such  by  some  chemists. 
Ml  •  The  diflference  between  a  chloride  in  solution  and 
I  a  chlorohydrate,  is  rendered  erident  by  setting  down 
ingredients  agreeably  to  both  suppositions,  as  foi- 
st— 


orine,  hydrogen, 
lorohydric  acid. 

Oxygen,  metal. 

^^ ^ ' 

Oxide. 

1    !■•      ■             -ll            -* 

Chlorohydrate. 
ygen,  hydrogen. 

Chlorine,  metal. 

Water. 

Chloride. 

Dissolved  Chloride. 
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1542.  The  soluble  chlorides  produce  white  precipll 
in  solutions  of  silver,  lead,  or  black  oxide  of  inei 
They  do  not  deflagrate  with  charcoal,  nor  do  Uiey, 
sulphates,  after  buiug  heated  with  it,  yield  the  odour  of 
sulphuretted  Itydro-^cu  on  tieing  moistened. 

l.>i;i.  The  soluble  chlorides  of  the  metaU  of  the  alkalioe 
earths  and  alkalies,  excepting  that  of  mu^iiesiuui,  aie,  In' 
heat,  converted  into  anhydrous  chlorides,  easily  detected 
by  the  fumes  which  tliey  give  with  sulphuric  acid. 

1541.  Bromine,  like  chlorme.  when  healed  with  any  of 
the  iuced  alkalies,  or  alkaline  earths,  except  magnesiot  dis- 
places the  oxygen  and  combines  with  Uie  metallic  radicaL 
Like  chlorine  also,  it  does  not,  per  ee,  produce  this  efleel 
either  with  magnesia  or  the  earths  proiier. 

1545.  The  alKnitics  of  iodine  are,  m  most  cases,  lea 
energetic  than  those  of  chlorine  or  bromine.  Foiash  and 
soda  are  the  only  oxides  of  the  metals  of  tlie  cunbs  an) 
alkalies,  from  which  iodine  can,  with  the  assistance  of 
heat,  expel  the  oxygen,  in  order  to  combine  with  tteir 
metals. 

1540.  The  bromides  and  iodides,  when  combined  wHh 
water,  may,  like  the  chlorides,  be  reganlcd  either  as  in  s 
state  of  solution,  or  as  bromohydrates  and  iodohydrates. 
The  bromides  may  be  recognised  by  the  red  vapours  wfaicb 
arise,  when  they  are  heated  in  a  tultc  mth  the  bisu^ibale 
of  potash.  Similar  vapours  would  be  given  out  by  the 
nitrites,  if  treated  in  the  same  way;  but  the  bromides  roav 
be  distinguished  from  those  salts,  by  their  not  deflagraliDg 
when  thrown  on  incandescent  coals. 

1547.  An  iodide  may  be  detected  by  dropping  a  portico 
into  sulphuric  acid,  heated  nearly  to  the  point  ol  ebullitioo. 
(73S.)  By  these  means  iodine,  if  present,  will  be  mndeilH 
pareot  in  the  form  of  a  violet  vapour.  Iodine  }»  alsoibi* 
placed  from  its  combinations  by  chlorine;  and,  when  these, 
previously  to  the  addition  of  chlorine,  are  mingled  wiUta 
paste  made  of  starcli,  a  blue  colour  is  produced.  It  it 
alleged  tli;i(  ~v:\  --!(  .,,t:::-<<n\.-^  .■ontiiills  a  (jtiiintity  of 
iodine  adequate  to  produce  this  resuh. 

1548.  Berzehus  states  that,  when  potassium  is  heated  in 
cyanogen,  it  is  converted  into  a  cyanide;  also  that  the 
habitudes  of  sodium  are  in  this  respect  similar.  It  is  pro- 
bable that  the  same  result  would  ensue  with  all  the  metab 
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alkalies  and  alkaline  earths.  Cyanogen  is  usually 
ted  by  the  reaction  of  potash  with  animal  matter, 
leoxidizes  the  alkali,  and  at  the  same  time  furnishes 
tie  elements  of  cyanogen,  which,  in  consequence, 
neously  unite  with  each  other  and  with  the  metal, 
r  a  cyanide  of  potassium. 

L  When  the  cyanoferrite  of  potassium  (ferroprus- 
i*  potash)  is  intensely  heated,  the  cyanoferric  acid  is 
)osed.  The  cyanide  of  potassium  remains  mingled 
carburet  of  iron,  and  may  be  extricated  by  solution, 
in,  evaporation,  and  crystalHzation.  Subjecting  the 
srrite  of  sodium  to  a  similar  process,  the  cyanide  of 

may  be  obtained.  (1299,  &c.) 
K  The  cyanides  may  be  detected  by  their  power  of 
ing  a  blue  colour  with  solutions  of  the  peroxide  of 
Iso  by  evolving  the  odour  of  peach  blossoms,  when 
sd  to  chlorohydric  acid. 

•  It  is  highly  probable  that  the  reaction  of  fluorine 
e  metals  of  the  earths  and  alkalies,  will  prove  to  be 
3U8  to  that  of  chlorine.  The  fluorides,  however, 
nucb  from  the  chlorides  in  solubility.  Some  varie- 
the  fluoride  of  calcium  constitute  Derbyshire  spar, 
he  chloride  of  calcium  is  a  deliquescent  salt. 
I.  The  presence  of  fluorine  in  a  mineral  may,  in  a 
y  of  instances,  be  detected  by  the  following  process, 
mall  portion  of  it  be  pulverized,  and  subjected  to 
th  about  twice  its  weight  of  concentrated  sulphuric 
I  a  leaden,  silver,  or  platinum  cup.  Let  this  cup  be 
I  by  a  glass  plate,  coated  with  beeswax,  through 
some  letters  have  been  traced  so  as  to  denude  the 
s  surface.  After  exposure  for  half  an  hour,  aided 
auch  heat  as  can  be  used  without  melting  the  wax, 
$8  should  be  relieved  from  its  coating  and  examined, 
f  the  portions  of  the  vitreous  surface,  exposed  to 
les,  prove  to  be  so  corroded  as  to  render  the  cha- 

traced  through  the  wax  distinguishable,  the  pre- 
f  fluorine  may  be  inferred. 

.  Berzelius  informs  us  that  when  this  principle  is  in 
ation  with  silicon,  it  will  not  act  on  glass.  Hence 
0es  that  the  mineral,  suspected  of  containing  fluo- 
icid,  should  be  subjected  to  the  flame  of  the  blow- 
:  one  end  of  a  glass  tube,  of  which  both  ends  are 
K>  that  the  fumes  produced  may  be  impelled  by  the 
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blast  through  the  tube  from  one  orifice  towards  the  otber. 
Jty  these  iii(.'ans,  milky  spots  will  ap|iear  ou  the  glass,  ia 
consequence  of  the  condensation  of  water  containing  flno- 
sihcic  acid,  if  this  be  an  ingredient  in  the  mineral. 

Of  the  Reaction  of  Sulphur,  Se/enium,  and  Telluriim,  vi/h 
the  Metals  of  the  Earths  and  AJ/ciUies. 

1554.  Sulphur  unites  with  all  the  raetala  of  the  alksbu 
and  alkahne  earths,  so  far  as  the  e\perimcnt  has  been 
tried,  whether  presented  to  them  in  the  metallic  stale,  or 
in  that  of  oxide.  Its  power  of  reducing  their  oxides  ii 
greater  than  that  of  any  other  basacigen  body;  as  wbcn 
present  in  excess,  it  acts  by  its  affinity  for  the  cyj-gen  ind 
the  metal.  (523,  &c.)  The  affinity  of  tlio  halogen  bodies 
for  oxygen,  is  so  inferior  to  that  of  sulphur,  that  when 
oxygen  is  expelled  from  oxides  by  one  jtortion  of  thcfD,il 
does  not  combine  with  another,  however  great  the  escm 
in  which  they  may  be  present. 

1555.  Sulphides  (sulphurets)  are  also  fomtcd  by  dcon- 
dizing  the  sulphates  by  carbon  or  hydrogen  with  the  lid 
of  heat,  (1436,  1437,)  by  boiling  in  water  cquirikDl 
weights  of  sulphur  and  the  earth  or  alkali  to  be  com- 
bined; or  by  passing  sulphydric  acid  into  water,  hoJdtng 
the  oxide  in  solution  or  suspension.  When  ihU  is  done 
under  favourable  circumstances,  the  metai  is  conrcrfwl 
into  a  sulphobase  by  the  sulphur  of  one  portion  of  ihc 
acid;  while  the  compoutui  thus  formed  unites  with  another 
portion  of  the  acid,  forming  a  sulphosalt,  denomiaatctl  b 
stitphuilrale.  This  view  of  the  subject  we  owe  tn  BenclinA 
who  nas  shown  that  sulphur,  selenium,  and  tellurium.  »J1 
have  the  property  of  forming  acids  with  one  set  of  radicti*, 
and  bases  with  another;  and  that  the  sulphacids  and  Bul- 

Ehobases  thus  formed,  arc  capable,  like  oxacids  and  oiy- 
Bses,  of  forming  compounds  which  be  considers  as  bu1|Ao- 
Baits,  or  salts  in  which  sulphur  perfonns  a  part  anal<^o» 
to  that  which  oxygen  performs  in  oxysalts,  such  u  liw 
sulphate  or  nitrate  of  potash. 

1556.  Formerly  it  was  supimsed  that,  when  absorbed  by 
an  alkaline  solutirm,  t'td|)hvdrir  ncid  fputphiircltwl  livdro- 
gen)  combined  with  the  oxybase,  forming  what  was  caDed 
a  hydrosulphiiret.  It  was  also  supposed  that  a  sulphide  of 
an  alkalifiable  metal,  by  solution  in  water,  would  be  con- 
verted into  an  oxybase  by  the  oxygen  of  the  water;  while 
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:he  hydrogen,  with  a  double  proportion  of  sulphur,  form- 
ing bisolphuretted  hydrogen,  would  combine  with  the  oxy- 
base. 

1557.  Through  the  sagacity  and  industry  of  Berzelius, 
much  knowledge  has  of  late  years  been  acquired  respect- 
ing the  combinations  of  sulphur  with  the  alkaline  metals. 
He  mentions  seven  compounds,  in  which,  supposing  the 
quantity  of  the  potassium  in  each  to  be  the  same,  the  quan- 
tities of  the  sulphur  are  severally  1,  2,  3,  3),  4,  4),  &. 

1558.  To  remember  the  details  respecting  the  prepara- 
tion and  characteristics  of  these  sulphides,  would  be  too 
great  a  burthen  for  the  memory  of  those  who  are  not  so 
situated  as  to  take  a  particular  interest  in  them. 

1559.  Sulphides  of  the  metals  of  the  garths  and  alkalies, 
on  being  moistened  with  water,  evolve  sulphydric  acid,  and 
produce  this  result  still  more  actively  on  being  subjected 
to  chlorc4iydric  aciid. 

1560.  The  selenides  of  the  metals  of  the  earths  and 
alkalies  may,  in  most  cases,  be  produced  by  heating  the 
netal  with  selenium.  The  selenides  of  these  metals  bear 
X  great  resemblance  to  the  sulphides,  and  when  heated  are 
reduced  to  the  mctalUc  state,  producing  the  smell  of  horse- 
radish. 

1561.  The  tellurides  are  but  little  known,  and,  except 
so  far  as  they  act  as  telluracids  or  telluribases,  so  as  to 
give  pretensions  to  tellurium  to  be  placed  among  the  basa- 
cigen  elements,  they  are  uninteresting. 

Experimental  Illustrations* 

1562.  Sulphides  in  solution  exhibited.  Earths  precipi- 
tated by  acids. 

OF  METALS  PROPER. 

1563.  The  metals  included  under  this  head,  are  gold, 
plaiiniim^  silver^  mercury^  copjjer,  lead^  tin,  bismiUh,  iron,  zinc, 
antenicj  antimony,  palladium,  rhodium,  iridium,  osmium, 
nickel,  cadmium,  chromium,  cobalt,  columhium,  manganese, 
mdMenuni,  titanium,  tungsten,  uranium,  cerium,  and  va- 
nawuwu 
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OF  GOLD. 


15{)4.  Gold  in  iisiinlly  GmvA  in  nature  ncorly  pun;.  Il  la  not  Iklik^  Hke 
other  niL-ltils,  to  bt;  disgui^  by  a  urtion  with  oitygen  or  fulplun;  Vm 
precipitute  obtaiDcd  from  a  solulion  of  gold  coin  in  atjua  regia.  by  tbb  gran 
BulpbaFe  of  iron,  is  pure  gold.  Ttiia  mcial  is  alsu  purificU  by  cxpemn  to 
heat  and  air,  or  by  nitric  acid,  by  w)iicli  means  baser  metals  aiv  ocidbBl; 
Bs  in  the  processes  of  cwpellalion  atid  parting. 

1565.  Fmin  the  saiids,  or  ores,  m  wbidi  ihey  exist  naturnlly,  nMoK 
por:ioDs  of  gold  arc  collected  by  trituration  with  mercury,  with  whtck  Ihi? 
Btnalgainale.  The  mercury  is  distilled  from  llic  amalgam  thus  oUataK, 
by  means  of  an  iron  alembic. 

190t).  Proptrlieg. — The  specific  gmriiy  of  gold  is  ID. 3,  anil  ib  eipm- 
lent  200.  Its  colour  and  lustre  arc  loo  well  known  lo  need  duKriptioo.  b  s 
Ihe  moat  maliesbb and  ductile  raetal, and  sutrenlhe  least  by  cximmireuiir 
and  moisture.  Gold  leaf,  which  is  about  1000  times  thinner  tiian  nin^ 
paper,  retains  its  luslrc  in  the  air.  Gold  leaf  transmits  a  greeiuMi  l^li; 
but  it  is  questionable  whether  it  be  truly  translucent.  Placed  on  gtwa,  bW 
viewed  by  transmitted  light,  it  appears  like  a  retina.  [l  is  errocHDn^ 
t^ken  of  ns  n  continuous  superRces. 

1567.  Gold  fuses  at  a  low  white-heat,  but  rcijuircs  the  lemperKtaie  f» 
duccd  by  the  compound  blowpipe,  by  galvanism,  or  by  the  explomre  fwer 
of  electricity,  lo  volatilize  or  oxidize  it.  Its  not  being  liable  lo  bunyi  bf 
exposure,  is  due  to  the  weakness  of  its  affinity  for  oxygen  or  milpfaur. 

1588.  When  a  solulioo  of  chloride  of  gold  is  mixed  with  nlplintic 
ether,  the  ether  takes  the  metal  from  the  chlorine,  relaiaing  it  in  ■wom. 
If  iron  or  steel  be  moistened  with  this  ctliereal  liquid,  it  ia  prodtictino^* 
Blight  gilding. 

1560.  Phosphorus,  carbon,  and  the  baser  metals,  also  byrfiogn^*»^ 
its  compounds,  by  a  superior  ofhoity  for  oxygen  or  chlorine,  pw^iOtD 
gold  from  the  solulion  of  its  chloride  in  tlie  metallic  form. 

1570.  The  abstraction  of  oxygen  precipitates  gold,  by  Iilimliii|[_  ihi 
hydrogen  of  water.  The  hydrogen  thus  liberated,  lakes  chlanne  ttm 
gold,  forming  of  course  chlorobydric  acid,  which  has  no  olliiuty  lor  da 
metal,  unless  in  the  slato  of  chlorids.  As  oxygen  is  necessary  lo  die  faMOf 
bh  oxysalt,  so  chlorine  is  indispensable  to  tlie  ojnstitutioD  of  n  dilomriL 

1571.  The  union  of  gold  with  mercury,  was  adduced  as  an  exempfifiBt- 
tioD  of  simple  chemical  combinalioo.  (515.)  The  compound  thus  klctA, 
when  the  ingreilients  arc  in  due  proportion,  is  of  great  u^  oa  thu  mna  of 
that  kind  of  gilding  which  is  the  iiKtst  firm  and  durable.  I'ho  tSniiy 
between  the  mercury  and  copper,  renders  il  easy  lo  coal  with  tbc  analgM 
the  surface  of  any  mass  formed  of  this  metal.  Subsequuiily,  the  amtaij 
may  be  driven  nffby  heat,  leaving  w  pellicle  of  gold  upim  Ihn  cupieowior 
Ihcc,  which  only  requirt^  burnishing,  in  order  to  displny  th«  colour  ni 
brilliancy  of  gold. 

1672.  With  arsraic,  gold  eombines  energfticnlly,  absorbing  this  nd^ 
in  the  form  of  vapour,  at  a  red-heat,  wiilioui  rhnuging  colour.  Guld  Icnv 
i(8  malleability  by  acquiring  ^gth  of  its  weight  of  ar>«i-nie.  Probably)^ 
may  be  united  with  all  the  ntotala.  I'hosphorus  rornis  with  il  a  briltk 
compound. 
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The  affinity  between  chlorine  and  gold  is  pre-eminently  energetic. 

(nation  ensues,  whether  the  metal  be  heated  in  the  gas,  or  presented 

iqueous  solution,  or  in  aqua  regia,  which  is  essentially  a  solution  of 

in  water.     Aqua  regia  is  produced  by  the  mixture  of  chlorohydric 

ric  acid.    It  ought  not,  however,  to  be  considered  as  a  combination 

As  soon  as  the  mixture  is  efiected,  a  decomposition  of  both  of  the 
mmences. 

One  atom  of  nitric  acid,  by  yielding  three  out  of  its  fiire  atoms  of 
(057,)  can  take  all  the  hydrogen  from  three  atoms  of  chlorine.  (874.) 
le,  three  atoms  of  chlorine  and  one  of  nitric  oxide  are  emancipated, 
cids  employed  be  concentrated,  both  the  nitric  oxide  and  the  chlo- 
evolved ;  but  if  there  be  a  sufficiency  of  water,  die  chlorine  remains 
I  with  it,  forming  a  more  concentrated  aqueous  solution  of  chlorine 
n  otherwise  be  made.  Excepting  that  it  contains  chlorine  in  a 
legree  of  concentration,  which  of  course  enables  it  to  act  with  more 
aqoa  regia  does  not  differ,  in  iu  solvetii  powerMf  fiom  a  solution  of 
t  in  water.  It  cannot  properly  be  considered  as  a  distinct  acid; 
only  acts  by  imparting  chlorine,  being  incapable^  as  an  aggregate, 
inginto  combination. 

.  The  name  of  aqua  regia^  or  royal  water,  was  given  to  this  solvent, 
imt  of  its  property  of  dissolving  gold,  the  allied  king  of  metals, 
le  promulgation  of  the  French  nomenclature,  it  has  heexk  called 
iriatic  acid ;  but  as  this  conveys  a  false  idea  of  its  nature,  I  would 
tyy  its  old  name,  aqua  regia,  or,  if  a  new  name  be  necessary,  I 
uggest  that  of  nitrohydrous  chlorine.  Latterly  (jay-Lussac  has 
that  iodic  acid  is  a  solvent  of  gold ;  and  by  Mitscheriich,  the  same 
B  ascribed  to  selenic  acid.  Wh^  boiled  with  three  parts  of  sulphur, 
i  ot  potash,  one  part  of  gold  is  dissolved  as  an  ingredient  in  a  solu- 
bosalt.  (1541.) 

Of  the  Compounds  of  Gold  toith  Oxygen. 
3y  labjectiDg  a  protochloride  of  gold  to  a  solution  of  caustic  potash,  oxide 


e  of  acting  both  as  an  oxacid  and  as  an  oxybase,  in  this  instance  actinff  in 
sr  capacity,  combines  with  the  magnesia,  and  constitutes  an  aurate,  of  wmch 
ter  part  precipitates,  whilo  the  remainder  continues  in  solution.  The  preci- 
ookl  be  washed  with  water  until  it  ceases  to  acquire  a  yellow  colour  by  the 
of  chlorohydric  acid.  It  should  then  be  digested  with  nitric  acid,  which 
I  with  the  magnesia,  and  thus  isolates  the  triozide.  If  the  nitric  acid  em- 
B  concentrated,  we  obtain  the  trioxide  in  an  anhydrous  state,  and  of  a  brown 
liot  if  dilute,  as  a  yellow ish-rcd  hydrate. 

rhe  protoxide  consists  of  one  atom  of  gold  and  one  of  oxygen,  the  trioxide, 
r  gold  and  three  of  oxygen.  Hence,  agreeably  to  the  example  of  Thenard, 
lie  it  as  a  frtoxido.  (750.)  Acting  as  a  base,  this  oxide  combines  with  nitric 
iric  acid.  It  is  precipitated  from  these  combinations  by  water,  which  acts, 
,  in  this  case,  as  an  oxybasc  of  hydrogen.  (82(i.) 

4s  an  oxacid,  trioxide  of  gold  unites  with  all  the  alkalies  and  alkaline  earths. 
;t0  of  ammonia,  a  compound  which  explodes  by  percussion,  has  long  been 
nder  the  name  of  fulminating  gold.  Bcrzelius  alleges  that  there  are  two 
le,  containing  an  excess  of  ammonia,  detonates  more  powerfully ;  the  other, 
ith  a  leaser  quantity  of  the  alkali,  contains  chloride  of  gold,  by  which  its 
enfeebled. 

Ik  precipitate,  of  a  beautiful  purple  colour,  may  be  obtained  either  by  mixing 
llotions  of  the  chlorides  of  tin  and  gold;  or  by  immersing  an  ingot  of  tin, 
Lin  a  solution  of  chloride  of  gold,  containing  some  free  chlorohydric  acid. 
-   ?*_.^  .1 Qf  purple  powder  of  Cassius  has  been  iriyen.    I  infer 


,^pitate  the  name  of  purple  powder  of  Cassius  has  been  giyen. 
iieeoont  of  this  compound,  given  by  Berzelius,  that  it  consists  of  gold,  tin, 


««  moBr.ANir  cmtMisTHV. 

hjitogtD,  naii  axygtn.    RvKpgctiDg  liic  mixle  of  comtatulian  ther*  u 
•curilr. 

l&S).  In  coQBoqiionPO  o 
•riietbct  in  tho  nwtoJUc  ■ 
guld, 

lOei.  Bonoliiu  iloci  not  vauRHlei  thu  purple  povder  uilo  ntiirb  void  i*  n 
hy  wicaeMirc  electric  dlwliofgeii,  w  any  Uiiiig  uiuiv  tiuu  metallic  gold  in  &< 
tnlanliB  diviuon. 

Of  Iks  Campmault  of  GiM  mti  tit*  Uuiogtn  SmSin. 
ISSS.  Tkt  prototkl/nide  af  gold  ia  obtaiiied  bj  nipning  the  Irirhlarido  la« 
bMl,  wbicli  diifea  off  two  eloiuB  uf  cblorioe,  liutii^  Uii-  gpild  in  vomltinBlia 
the  rooiuiiiler.  ir  tliQ  hut  be  earned  too  til,  il  m  »ft  In  dtfciunpiiae  Un 
tide  inlD  meUllic  gold  uid  cblnrioe.  On  ihlt  Eii.-eount  II  in  l>wtl«r  to  Moii  uw  P/m*- 
tion  befani  the  ttichloridB  is  enltralf  ■Incamp'iiiRd,  and  U>  wuli  (ho  rvmilliu  kib 
witb  Vfttor,  whicb  reoiovM  ibe  triehlorida.  *Dd  le»v«*  the  pntoehlwidB.  irCiati* 
insoluble  in  ll»(  fluid  when  crdd.  A  «alutiaJi  of  the  trichkirid*  of  gold  la  aMMid 
when  gold  i>  diui>lvad  in  aiju*  regie,  uir  exccsa  of  cbloroh^dne  ecid  i*  txfJid 
by  heaf  It  it  oC  o  pain  jcllon  c-ilour.  and  Itu  an  utrbffcnt  and  dingriiEabl*  MM 
Tbia  chloride  corabinee  u  an  acid  wilb  tlie  cbloridcs  of  the  aUaline  motala,  f-mii^ 
«hk>roauratci>.  ilenco  I  comudei  tliie  u  ontilicd  to  Um  appellation  of  ehlwiMNW 
•cid.  The  trichloiide  of  gold,  as  its  nftmo  impliot,  ia  oompMod  of  one  alaiB  tfgM, 
Ud  thtoe  atoms  of  chlorine. 

1583.  Uromino  forma  wiih  gold  a  tribromiile,  nliich  cnrn-apnTi'l*  in  oonipoaitiM 
Uid  ehomical  pronerlina  wilh  the  Iriehlorido  of  the  isnio  metal.  I'hn  indida  'tpf^ 
■greua.  in  iroaipoaition  and  i^hemiciil  relatione,  with  the  protocblonde  of  goU.  Tl* 
•jranida  of  gold  sppean  to  act  u  na  acid. 

Of  the  Cimpoundt  of  Co/d  icilh  Sulphur. 

1584.  Gold  fame  with  nitphnr  a  nraluBolohido  and  a  trianlnhide.     T^   iii  mtml 
ptida  ia  famed  by  passing  u 
of  tite  Iriehlorido.    Il  ia  nf  ■ 

netallic  gold  uid  aiilphnt.  The  tnaulphido  mif  be  prccipiuied  bj 
of  Bolphydtic  acid  iolo  a  diJiiM  aulalion  uf  the  Iriclilaride,  or  by  ouuuii  ■»  bob  ■•  • 
Mdutionof  tha  anlphnralo  of  potaniuiD.  The  lri>ulphidc  U  of  a  deepyallint  mIdm', 
•ad  is  dooompcMd  by  boat.  With  aulphobaaas  it  acts  as  an  acid,  bnl  with  tka  no* 
powerAil  aulpbacide  aa  ft  bue. 

Experimental  Iliuslralions. 

1585.  Some  gold  leaf  is  |>lHced  in  two  glass  vcescb. 
Nitric  acid  being  poured  into  one,  and  ciiloroliydiic  acid 
tDto  the  otlier,  the  gold  is  not  acted  upon;  but  whim  tbe 
contents  of  the  two  vessels  arc  united,  the  gold  distp- 
pears. 

1586.  Gold,  dissolved  by  aqua  regia,  and  prccipiiateil 
by  sulphiile  of  iron,  or  by  cliloridc  of  tin.  A  cylinder  of 
phosphonis,  immersed  in  a  soltilion  nt*  llic  niL'ial,  ucqtiirrs 
the  tipptamijcc  of  il  cylinder  oJ'  guld.  Si'jHiratiuii  ut'  jjold 
from  its  solution  by  ether.  I'-Hi'cts  of  the  ethereal  solo- 
tion  exhibited.     Action  of  mercury  on  gold  Irnf, 
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SECTION  IL 

OF  PLATINUM. 

This  metal  is  found  in  South  America,  and  in  Russia,  in  an  im- 
iular  form,  known  as  the  native  grains  of  platinum.  In  addition 
etal,  the  native  grains  contain  several  other  metallic  substances  in 
"  combination  or  mixture.  The  aggregate  thus  described  is,  for  the 
t,  soluble  in  aqua  regia ;  the  habitudes  of  platinmn,  in  this  respect, 
s  in  others,  being  more  analogous  to  those  of  gold  than  any  other 
lature*  On  adding  to  a  solution  of  the  native  grains  of  platinum,  in 
;ia,  a  solution  of  sal-ammoninc,  an  orange-yellow  precipitates,  but 
ible  in  water,  is  obtained.  This  being  carefully  washed  and  desic- 
id  finally  exposed  to  a  red-heat,  in  a  platina,  porcelain,  or  black 
ribie,  the  metal  is  isolated  in  a  mass  so  porous,  as  to  have  received 
( of  platina  sponge,  from  its  resemblance  in  structnre  to  the  vf^ell 
ubstancc  to  which  this  name  belongs.  By  extreme  mechanical 
the  platina  sponge  is  so  far  consolidated  that  by  intense  heat  and 
]g  it  is  welded  into  a  perfectly  tenacious  mass,  having,  in  a  high 
11  the  attributes  of  a  noble  metal.  ri404.) 
I  have  lately  been  enabled,  by  an  improvement  in  my  hydro-oxy- 
pipe,  to  fuse  twenty-five  ounces  of  platinum  into  a  malleable  mass* 
il  thuB  obtained,  is  less  liable  to  flaws  than  that  produced  by  the 
procev  above  described.  My  process  is  especially  important  as 
us  to  unite  old  platina  ware,  or  clippings,  into  malleable  masses  of 
nt  dimensions,  without  re-solution  in  aqua  regia.  The  necessity  of 
is  last  mentioned  course,  reduces  platina  in  that  state,  to  a  value 
than  i  higher  than  that  of  the  native  grains.  (394.) 
According  to  BcTzelius,  platinum,  as  obtained  by  the  process 
ntioned,  is  alloyed  with  iridium,  and  inferior  to  the  pure  metal  in 
nlliancy,  ductility,  and  malleability;  while  at  the  same  time  it  is 
and  more  suitable  for  the  purposes  for  which  it  is  usually  em- 
It  may  be  obtained  pure,  by  precipitating  chloroplatinic  acid 
iqueous  solution  by  chloride  of  potassium,  igniting  the  precipitate, 
ng  it, and  precipitating  again  by  sal-ammoniac;  and  lastly,  by  re- 
le  precipitate  by  ignition  to  the  spongy  form,  from  which  by  pres- 
tbc  welding  process,  it  may  bo  made  coherent  and  malleable,  as 
nremontioncd  process  for  obtaining  the  metal. 
Projferties. — Tho  colour  of  this  metal,  as  ordinarily  obtained,  is 
ate  between  that  of  silver  and  steel ;  but  when  pure,  as  above 
resembles  silver  lK)th  in  colour  and  softness,  more  than  when 
vith  iridium.  Its  specific  gravity  is  21.. '33.  A  cubic  inch  of  it 
:>re  than  three-fourths  of  a  ix)und.  It  is  nearly  twice  as  heavy  as  lead, 
heaviest  body  known.  It  is  less  ductile  and  malleable  than  gold, 
r  and  more  tenaci<jus;  though,  in  these  respects,  inferior  to  iron. 
,  it  is  susceptible  of  being  hammered  and  welded  at  a  white-heat. 
ilber  be  oxidized  nor  malted  by  the  highest  temperatures  of  the  air- 
»  forge.  It  was  first  fused  in  a  focus  of  the  solar  rays,  afterwards 
I  of  a  stream  of  oxygen  gas  on  ignited  charcoal,  but  much  more 
the  conijiound  blowpipe,  under  which  it  was  first  oxidized  and  dis- 
y  heat.      It  fuses  and  burns  easilv  in  the  Voltaic  circuit,  and  is 
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dlspersod  antt  oxldl2(.>(l  by  nKchnnical  electricity-    It  ia  oao  of  da 
conilurlors  of  heat  among  metals. 

1S9I.  Ia  its  habitud'iH  with  oxygm,  chtorinf,  and  the  adda,  tt  Ml 
goits  ta  gold,  being,  like  liiat  nirittl,  dcl<x;ltMl  by  protocbloridc  of  Ink,  i 
produces  with  it  a  claret  colour.  It  unites  ao  encrgclically  wilb  dill  I 
rcd-hcat,  as  to  occasion  the  phenomena  of  combuslion.  (346.)  WImb  ta  I 
divided  slate,  aa  oblnined  by  igniting  llio  chloroplatiuate  of 
anUkl(;amatcs  with  mercury  by  trituralion. 

1593.  Platinum  combines  with  boron,  silicon,  and  phoepbonn.  On  a> 
count  of  its  infusibility  at  the  liighcst  iGniperatures  prciducad  by  lln  i '  * 
nace,  or  forge,  and  its  inausccplibilily  of  being  curroikd  by  ihc  acidi' 
employed  in  chomical  procesaes,  it  is  much  used  by  chemist*  fur  a 
ei&poratiag  voaaels,aiid  spoons;  also  in  cx[»craTMiTits  in  whidi  Vultati 
are  resorted  to  as  a  means  of  dcL-om|K>sition.  1  employ  it  tn  my  grfi—Dil 
i^ition  uppsratus.  (835.)  At  high  temperatures,  it  is  adt-nl  upoa  W  i1m| 
alkaline  hyOratcn,  and  by  almoiit  all  mulals,  especially  tin  aod  load.  1  U{ 
a  [ilatinuin  crucible  perforated,  by  fusing  in  it  some  flint  gloss,  vbidtoM^, 
BT^  mainly  of  lead,  silicic  acid,  ttiid  potash. 

15&8.  The  equivalent  ufplutinum  is  ti9. 

Of  Ike  Campataidt  of  Plahnum  ind  Oiygtn. 
ViOi.  FIstiDDDt  Ibrma  i 
of  oxjfgen,  which  niiy  he  obtaiDod  ftom  tha  cliloridt-,  bj  tl 


fomi*  UBo  a  bioiido,  roDtaming  two  atomt  of  aiygcn  to  ode  of  n 
""  -     ■■  n  oijbMO  onlj     ■■     ■-      ■      ■ 

d  capacity  il  ei 


implieB.     The.proLoiide  icti  >■  an  oijbtse  nnly ;  tbe  liioiidc. 


nil,  in  Ihe  compoaiid  callod  liilminaliag  plritinaiii,  and  which  n«  lukT  vithflUfl^ltn 
call  ptaliiialD  of  ammonia,  or  tunmoiiitiiu.  Dr.  Thomsaa  allcgca  u*  iii'wHW  « 
some  other  oiido  of  platinuia. 

Of  Ihe  Compotindt  of  Philinum  vUh  the  Bahgen  don- 
1596.  Of  ChloropJalinie  Add — The  platinum,  in  the  eolatioo  of  aqua 
rt^ia  above  described,  being  in  the  slate  of  a  bi(^blo^ide  ami  nctioe  as  >a  aeid 
nsrecably  to  my  fundamental  definition,  (631,)  ia  capable  oTooRibiuInf 
with  other  chlorides  acting  as  chlorobases.  With  cither  ibo  d>Lori<k  a 
potassium,  or  tlie  chloride  of  ammonium,  {sal  ammoniac,  1109,)  it  Ibrwi 
compOiiDda  which  ora  but  very  sparingly  soluble  in  water.  Heoce  ib 
precipitate  resulting  from  tbc  addition  of  the  last  mentioned  chlorDbMe,aiid 
the  employment  of  tlie  chloride  (or  chlorobase)  of  potassium,  ia  ttMnaav 
mcommendcd  by  Bcrzelius.  (159B.)  But  since  the  bichloride  of  pMEnaa 
acta  as  an  aiud,  it  is  proper  to  designate  it  as  u  rhloroplatinio  acid,  b  tin 
I  am  supported  by  the  authority  of  Dr.  Thomson.  It  follows  that  the  p» 
dpitules  obtained  as  above  described,  are  severally  chloroplalinalca  af  Or 
roonium,  and  potassium. 

109Q.  The  su|)erior  solubility  of  (he  cblnroplotinale  of  sodiuiB,  ONiUtt 
us  to  distinguish  solulioDs  ill  which  this  metal  exists  as  iho  radical,  6m 
thosp  in  which  potassium  performs  the  same  part;  as  wiih  the  laiteroolj 
isorango^nlouri'd  precipitate  oblaineil,  nn  addmg  chlorop latin ii;  add. 

150".  Of  Vhlvritplalinaui  Aeiil. — This  name  is  giv  n  to  ihi-  pmtoi-liV 
rideof  platinum,  as  it  is,  according  to  Dcrzelius,  capable  of  combining  viA 
the  same  chlorobascs  as  chloroplaiinic  acid.  Chloropbtinoiu  acid  is  at- 
tained by  exposing  the  bichloride  (chloroplnlinic  arid)  [n  hcbt.  It  is  aUcpd 
to  have  a  gmyish  colour,  and  to  be  insolulilc  in  uater.  Its  compooMS 
with  cUoroboses  must  consistently  be  called  chloroplnlinitcs. 
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Experimental  Illustrations. 

i98.  Platinum  exhibited  in  the  state  of  native  grains, 
in  the  malleable  state.  Precipitated  from  its  solution 
hloride  of  ammonium,  and  chloride  of  tin.  A  precipi- 
produced  in  salts  of  potash  by  chloride  of  platinum, 
aguishes  them  from  salts  of  soda.  Combustion  of  pla- 
n  with  tinfoil. 

e  NcmauHaJture  cf  Compounds  formed  wUh  Halogen  Bodies,  eaUed 

Double  SaUs  by  Berzeliue* 

)9.  In  order  to  present  an  intelligible  view  of  the  discordant  names  of 
ilts  above  described,  I  will  here  subjoin  a  table  of  the  names  of  some 
Minds  formed  with  chlorine  by  platina,  of  which  mention  has  been 
.  (1596.) 

r  of  ike  various  Names  given  to  the  Double  Chlorides^  such  as  those 

described  in  the  case  of  Platina* 

Names  according  to  the  old  Theory  of  the  Muriates, 
u 


jPlatii 


Muriate  of  <  Platinum, 

oniacaly  or  Ammonia, 

Names  according  to  Brande* 

C  Potassium. 
0  bichloride  of  -  -  -  -  <  Sodium. 

i  Ammonium. 

Berzelian  Names. 

L  Ammonique. 
ure  platinico,  ,---.?  Sodiquo. 

f  Ammonique. 

^s  according  to  Thomson  adopted  by  me,  before  I  was  aware  of  their 
adoption  by  this  distinguished  Author. 

C  Potassium. 
)platinate  of  .  .  .  .  /  Sodium. 

f  Ammonium. 

Compounds  formed  with  the  Protochloride, 
hy  Berzchus  designated  a^  follows: 

i  Potassique. 
me  platinoso,  ....<?  Sodique. 

f  Ammonique. 

mr  jii  this  Compendium  designated  by  me, — 

C  Potassium. 

npiilinitf*  of  .  .  -  -  <  Sodium. 

f  Ammonium. 
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1600.  In  order  to  have  the  nomenclature  of  the  analogous  compoundi^ 
in  which  other  chlorobascs  or  chloracids  are  mtroduced,  it  is  only  nqmti 
to  change  the  corresponding  epitlict  in  the  formula. 

1601.  By  changing  the  syllables  indicating  the  halogen  ingredieit,  tfe 
nomenclatures  of  any  of  the  double  salts  formed  by  any  of  the  htlogai 
bodies,  may  be  seen,  agreeably  to  the  language  of  Brando,  of  Beraeliuai  or  of 
Thomson  and  myself. 

Of  Bromides f  Iodides,  and  Cyanides. 

1602.  Bromine  forms  with  platinum  a  compoand  analogous  in  compuiitwa  to  tht 
bichloride  of  that  metal,  and  which,  from  iu  chemical  properiiet,  b  entttM  to  tht 
appellation  of  bromovlaiinic  acid. 

1003.  Iodine  and  nuorlne  both  form  compounds  with  platinum.  The  fluoride  of 
platinam  acts  as  an  acid ;  the  properties  of  the  iodide  in  this  respect  are  oakDovik 

\GM.  Cyanogen  forms  two  compounds  w^itli  platinum.  The  porcyanide  eoabincs 
with  cyanobases  as  an  acid,  and  of  course  may  be  designated  as  ct/anaplatimieaeid. 

Of  the  Compounds  of  Platinum  teith  Sulphur. 

1605.  Platinum  combines  with  sulphur  in  two  proportions.  Both  sulphides  csah 
bine  as  sulpbobases  with  sulphacids,  but  tlio  persulphide  unites  as  a  sulphictd  with 
sulphobases  of  the  alkalifiablo  metals. 

Cf  the  Power  of  Platimtmf  and  other  Metals  in  a  divided  or  spongiform,  to  imdmi 

Chemical  Reaction. 

160G.  In  tlie  spongy  form  in  which  platinum  remains  afler  tlie  chlorine  and  aa- 
monia  of  the  chloroplatinate  are  expelled,  it  has  the  wonderful  power  of  caosin^tbt 
inflammation  of  a  mixture  of  hydrogen  and  oxyeon  gas.  I  hayc  ascertained  Chat 
this  power  is  acquired  by  asbestos,  porcelain  earth,  and  charcoal,  merely  by  soaJdof 
them  in  a  solution  of  platinum,  in  aqua  rogia,  and  subsequent  desiccation  and  ifniuon. 
Thenard  states,  that  platinum  filings,  platinum  leaf,  or  an  association  of  fiat  pbt^ 
num  wires,  exercise,  in  a  greater  or  less  degree,  the  same  power  as  platinam  spoa|e 

1007.  The  pulverulent  mass,  obtained  by  precipitating  platinum  by  zinc,  becooci 
incandescent  in  the  vapour  of  alcohol.  As  the  best  means  of  obtaining  platinoinii 
that  state  of  minute  division  in  which  it  is  most  cfRcacious  in  producing  this  result, 
Licbig  recommends  that  the  chloride  Mhr)nl(i  bo  dissolved  in  a  lixivium  of  caoftic 
polaHh  with  heat;  and  that  while  tlie  rosiiltinir  iKjiiid  is  still  liot,  alcohol  sbuuJd  ^k? 
added  in  small  quantities,  stirrinjr  tlio  mixture  until  an  etlcrvescencc  arises  from  I'lo 
extrication  of  carbonic  acid.  Tliis,  however,  becomes  so  activi*  as  to  render  a  venr 
capacious  vessel  necessary  for  the  process.  The  platinum  preeijiitales  in  the  torm  jI 
a  black  powder,  which  is  to  be  separated  from  tin?  liijuid.  and  washed  successivrlv 
with  alcohol,  with  a  solution  of  potash,  with  <'hl«>rohy<lric  acid,  and  four  or  five  lime* 
with  water.  When  dried,  the  powder  resembles  l:uni)l)lack,  and  soils  the  fin;»rr». 
Nevertheless,  it  consists  only  of  platinum  in  a  state  of  minute  division,  since  iln»iT 
bo  heated  to  a  cherry-red  in  the  air  or  in  oxyii^en,  without  los^infr  weight  or  underjo- 
injr  any  chantre  in  its  properties.  These  are.  li«>wever.  destroyed  by  iurandcscflKe.^ 
which  restores  its  metallic  appearance.  I'nder  the  l)u^ni^lle^,  it  becomes  slijbUy  ol 
a  metallic  ^ray.     In  a(jua  rejjia,  it  dissolves  with<nit  leaving  any  residue. 

HiOrJ.  lu«  properties  are  as  follows:  like  charcoal,  it  condenses  the  j^asi's  in  itspores, 
with  a  development  of  htsat;  and  if,  arter  beiui^  deprived  of  air  and  inoi>.turebT  ex* 
p<>8Ure  to  a  vacuum  over  sulphuric  acid,  the  atin<isj)licre  be  rajijdly  adinittrd.  it  bf- 
CJunes  red  hot.     It  causes  the  coinbu>tif»n  of  livdroirin  ,>r  alcnhojir  v;ip»iur,  when  in 
contact  with  them  with  access  of  air,  and  becomes  incandescent  i»n  fallinif  on  a  fur* 
faire  wet  with  alc«»lioI.      If  moistened  with  alcohol,   it  convert*,  it,   at  the  i'X|»enA' of 
the  oxvjreii  of  the  air,   into  acetic  acid  and   aiclu-   ciIht.     ri.itiimm.   h-iUTver  pre- 
pared, jrr.idually  loses  the  property  of  cau>iiiLr  a  union  betunri  «).\v;ren  and  h\dr»i- 
gen;  but  this  projierty  <lis.ipj)ears  much  more  rapidly  when  c.\j>o«ir(i  !•»  the  artinn  of 
the  air,  than  when   pr«»lc(ted   from  its  iutlurnce     Sjioiiiry  platinum,  moreover,  re- 
mains etfective  lonixer  tiian  platinum  under  any  otiicr  ^tale;  unless  thai  in  which  il 
is  pn>cured  l>y  precipitation  by /.inc  be  an  (>xcopti>>n.     riatinum  leaf*,  w  hich  id  the 
air  is  rendered  powerless   in  a  few  minutes,  when   in  the  tonu  of  a  "cr-dl  and  id- 
eluded  in  a  <*loHe  v»'ssel.  remains  etli^tivc    for  t\vcutv-t«>ur   iioun*.     The  |M>wcr  »il 
prtMlucing  a  union  between  hydnj-jeii  and  oxygen,  may  be  restored  by  immersion  ii> 
an  acid,  or  by  incandescence 
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1609l  Stripf  of  sheet  platinum,  after  being  well  cleansed  by  exposure  as  the  elec- 
Todes  of  a  voltaic  series ;  or  by  exposure,  with  certain  precautions  to  acids,  were 
!bund  bj  Faraday  to  cause  the  union  of  the  elements  of  water. 

1610.  Pklinnm  is  not  the  only  substance  which  possesses  the  property  of  pro- 
hicinf  the  combination  of  oxygen  and  hydrogen,  (rold,  precipitated  from  its  solu- 
tion by  swans  of  xinc  and  subsequently  heated  to  redness,  if  assisted  by  a  tempera- 
tnre  of  12^,  causes  the  union  of  hydrogen  and  oxjrgen.  Osmium  slowly  produces 
the  same  effect,  at  a  heat  a  little  below  that  which  is  necessary  in  the  case  of  gold. 
Spongy  nickel  acts  slowly  at  the  ordinary  temperature  of  the  atmosphere.  Palladium, 
ihodium,  and  iridium  produce  the  same  eflfect  on  a  mixture  of  hydrogen  and  oxygen 
M  platinum,  though  with  less  intensity.  Charcoal,  porcelain,  glass,  and  rock  crystal 
produce  a  union  l^tween  hydrogen  and  oxygen,  at  temperaturos  lower  than  that  at 
which  it  would  otherwise  take  place. 

Experimental  Illustrations* 

1611.  A  mixture  of  hydrogen  and  oxygen  inflamed  by 
platinum  sponge,  or  platinated  asbestos.  Incandescence 
of  platinum  powder  produced  by  moistening  it  with  al- 
cohol. 


SECTION   UL 

OF  SILVER- 

1612.  Silver  exists  in  nature  nearly  pure,  but  usually  containing  a  mi- 
[uite  quantity  of  gold,  copper,  arsenic,  or  iron.  It  also  exists  in  alloys, 
containing  various  equivalent  proportions  of  arsenic,  antimony,  tellurium, 
or  gold.  It  is  found,  likewise,  in  the  state  of  chloride,  iodide,  sulphide,* 
ind  carbonate,  and  in  a  variety  of  galena,  the  native  sulphide  of  lead,  call- 
id,  in  consequence,  argentiferous  galena.  In  consequence  of  its  fusibility 
ind  insusceptibility  of  oxidizcment, — when  any  metallic  alloy,  containing 
t,  is  exposed  to  intense  ignition  with  access  of  air,  the  silver  is  separated 
rom  any  metal  which,  when  thus  exposed,  is  liable  to  be  converted  into  an 
)xide.  In  the  small  way,  this  object  is  effected  upon  the  cupel,  in  the  ope- 
•ation  called  cupellation.  A  cupel  is  a  small  flat  cylinder,  made  of  bone 
arth  obtained  by  calcination,  in  the  upper  surface  of  which  there  is  a  he- 
nispherical  cavity.  In  this  cavity  any  gold  or  silver  to  be  refined  is  placed 
rith  a  portion  of  lead.  The  cupel  is  then  placed  in  a  small  earthenware 
wen,  called  a  muffle,  and  exposed  to  a  heat  sufficient  to  render  and  keep 
he  metals  fluid.  Under  these  circumstances,  the  lead  is  oxidized  and  vitri- 
ied,  and  promotes  a  similar  change  in  any  other  metals  present,  which  are 
uaceptible  of  oxidizcment  under  the  circumstances  in  question.  The  vitre- 
as  matter,  thus  produced,  is  absorbed  by  the  bone  earth.  Afler  the  process 
ma  endured  sufficiently,  only  the  gold  and  silver,  or  other  noble  metals, 
(bould  any  be  present,  can  remain  upon  the  cupel.  This  stage  of  the  pro- 
veaa  is  indicated  by  the  metallic  surface  being  no  longer  obscured  by  any 
ilm  of  ooddiz^'d  matter.  As  in  the  cases  in  which  this  process  is  employed, 
lo  other  noble  metals  are  liable  to  be  present  besides  gold  and  silver,  1  shall 
peat  of  h  only  in  reference  to  them. 

*  TkB  itedanl  ia  requested  to  recollect  that  sulphide  and  sulphuret  are  synoay. 
(686). 
38 
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1BI3.  rrom  the  alloy  purified  upon  the  cupel,  Uw  silver  nuir  be  ffiHt«4 
by  oiuic  acid,  when  the  gold  does  nol  exceed  a  Toutlh  of  tht;  wlwlak  b 
order,  ihcrcibre.  to  enable  ihe  nitric  ncid  to  digaolve  the  silver,  tite  aa»m 
fUaed  with  the  addition  of  as  much  ol'  ihU  metal,  aa  will  nubliali  ll»  ■» 
qui«ilo  ratio  between  it  and  the  gold.  This  ia  called  ^wirlalitm,  Tb 
process  of  sopamliog  the  meinls  nlWrward^j  by  oitric  acid,  i>  mllad  forlug, 

1614.  If  the  alloy  be  subjected  to  nqua  regiii,  Ihe  gold  only  wiS  be  klKn 
up.  Tho  silver  will  precipitate  as  u  chloride,  and  the  paitin);  vitl  becAcMt 
the  eesier,  in  proportion  an  the  quantity  present  of  the  last  maitioeiid  OEtd 
is  lens. 

1615.  Silver,  conlniocd  in  argeotiferoua  copper,  is  cxtrnctod  bj  nnH 
of  lead,  in  the  proceas  called  liquation.  The  alloy  is  fused  witli  twti  sad  K 
half  parts  of  ilie  metal  last  mentioned,  end  cast  into  thick  round  aliut%. 
Theou  are  subooqueatly  exposed  in  a  reverbenkting  furnrtcv,  to  a  hai  nA- 
cieut  ti>  iiicli  the  silver  and  lead,  leaving  the  cop|ier,  wiui'li  ho*  iciraJf 
any  ulBuily  for  lead.  The  silver  is  afterwards  sqionitcd  from  Itw  had  l^f 
cu|icllaiiou. 

101C>  fucD  silver  may  be  obtained  from  silver  coin  by  VMriuoi  Disn 
Ttie  wliile  crystals  sponlauoously  uflurded  by  a  solution  of  itx;  rxm  m  akk 
acid,  cautiously  drained,  and  washed  with  a  portion  of  wntcr  tnrdj  sA 
cieoi  10  remove  every  vestige  of  green,  yield  a  solution  of  pure  silver.  Tka 
residual  liijUJd  may  be  decomposed  by  copper,  and  the  pncipitaM  lol^ 
Kolved,  and  crystallized  by  evaporation;  and  thus  n  fresh  crop  of  trhl* 
crystals  may  bo  procured.  The  whiteness  of  the  crystals  msy  be  toinrj 
the  criterion  of  Uieir  purity.  Silver  precipilniod  by  mercury,  as  io  livcsM 
of  the  arlior  Dianw,  only  requires  ignition  lo  render  it  pure, 

1617.  Prtipertirt. — lixcepting  steel,  silver  is  susceptible  of  the  hi|W 
degree  of  mettillic  brilliancy ;  and  next  to  gold,  it  is  the  most  malleaUe  wi 
ductile  meial.  Id  metallic  whiteness,  it  is  pre«oiinently  beaatiful.  Hid  in 
tenacity  inferior  only  to  iron,  copper,  and  platinum,  lis  spedtic  inniy  » 
10,5,  and  equivalent  10«.  It  is  the  best  conductor  of  caloric,  ma  «i  « 
low  while  heat,  is  as  diHicull  to  oxidiTC  in  (he  tire  b:<  gold,  but  is  men  Hstik 
lo  tarnish  when  exposed  to  the  atmosphere,  from  its  susct^idbiljn'  to  tbs 
action  of  sulphur  and  chlorine.  Hence  il  ia  blackened  by  c^gi  an  I^  mk 
water. 

1018.  By  the  compound  blowpipe,  electricity,  or  galvanism,  wlnr  is 
fused,  oxidized  and  dissipated. 

Ifil9.  Exposed  to  nitric  acid,  it  is  oxidized  by  one  portion,  and  diarf"' 
by  the  other.  In  fact  this  acid  is  its  proper  kiIvcdI.  The  resulting  AH*k 
when  fused  and  cast  into  sticks,  forms  the  lunar  caustic  of  ibo  siNffc  It 
consisla  of  one  atom  of  acid  S4,  and  one  of  oxide  116,  «:  170. 

1620.  Sulphuric  acid,  when  cold,  has  no  reoction  wiib  ailvrr*  Ala 
boiling  heal,  the  melal  is  oxidized  at  the  expense  of  one  portion  of  ibe  M^l 
and  the  oxide,  thus  formed,  is  dissolved  by  another  [lorlion,  as  ia  tteo* 
of  nitric  acid.  | 

1621.  Silver  combines  with  phosphorus,  and  in  minute  prc^xntioo  wtt 
carbon  and  siUcon. 

ef  SittHF  u,th  Oiygm. 
The  protoxidfl  u  abtaini-d  bj  dscompaatof  •• 
"      deep  olive  colour,  «l>Bhlty  Mtable  ta  wiH. 


3  hjr  piiUui  or  wda.     It  ■■  of  >  dee 
rciriliTij;  Io  Thcnati!.  luffiiionllj  nlk. 


■nd.  mTirifiTij;  Io  Thcnati!.  luffiiionllj  nlkuUno  {,■■  trndet  i-vnip  iif»iol"t.  (m>.  It 
nvivM  nnplj  bv  the  iaAusoee  of  hut,  and  of  eourw  is  rcduciU*  whea  beatoJ  aih 
tltoM  ladioali,  wnieli,  under  the  wuztt  circanutsiicei,  cembiaa,  psr  se,  with  oxn*- 
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Wlien  Uiiig  radaced,  it  rnuft  of  coune  produce  the  Tivid  ignition  which  is  consequent 
to  the  pretence  of  pure  oz^^en. 

1G23.  *nus  oxide,  by  uniting  with  ammonia,  prbdaces  a  fulminating  compound,  lo 
dangeroos  that  few  penonB  ha?e  been  willing  to  encounter  the  risk  of  making  it 
This  abonld  not  be  eonlbunded  with  the  fulmmate  of  silver,  consisting  of  the  same 
metal  and  folminic  acid.   (1312,  &c.) 

1624.  The  peroxide  of  silver  is  formed  around  the  wire,  proceeding  from  the  posi- 
tire  pole  of  the  Voltaic  series,  when  a  weak  solution  of  nitrate  of  silver  is  placed  in 
Ike  circuit.  It  crystallizes  in  long  needles,  endowed  with  a  metallic  brilliancy.  It 
does  not  combine  with  acids,  but  when  presented  to  them,  by  a  partial  relinquish- 
■snt  of  oxygen,  passes  to  the  state  of  protoxide.  This  oxide  does  not  act  either  as 
t  base  or  an  acid.  It  detonates  with  phosphorus,  if  struck  with  a  hammer  while  in 
soDtact  with  that  substance ;  and  when  subjected  to  ammonia,  disengages  nitrogen 
from  it  by  oxidizing  the  hydrogen. 

1685.  The  protoxide  of  silver  consists  of  one  atom  of  silver,  equivalent  106,  and 
«M  of  oxygen,  equivalent  8  =  116. 
1696.  Sooe  chemists  suppose  the  existence  of  a  suboxide  of  silver. 

Cf  the  CompatmdM  of  Silver  with  the  Halogen  Clau. 

1627.  Silver  unites  with  chlorine  when  heated  in  it,  or  presented  to  it  in  solution. 
The  resulting  chloride  is  one  of  the  most  insoluble  combinations.  Hence,  silver 
it  not  soluble  in  aqua  regie,  or  any  other  liquid  containing  chlorine;  and  on  this 
•ccount,  soluble  chlorides  yield  a  precipitate,  when  solutions  of  silver  are  added  to 
them. 

1625.  The  chloride  of  silver  is  white  and  tasteless,  and,  aeoordingr  to  Thenard, 
when  exposed  to  light,  is  decomposed,  forming  a  subchloride.  It  combines  as  a  base 
with  the  electro-negative,  and  as  an  acid  with  the  electro-positive  chlorides. 

1689.  It  is  susceptible  of  fusion  without  decomposition,  forming  what  was  called 
by  the  old  chemists,  luna  cornea,  or  horn  silver. 

1630.  Chloride  of  silver  is  soluble  in  liquid  ammonia,  forming  chloroarjfentate  of 
usnioniam.  It  may  be  decomposed  by  hydrogen,  if  brought  into  contact  with  this 
gas  in  its  nascent  state,  as  when  evolved  from  zinc  or  iron  by  a  diluted  acid.  It  is 
•aeily  decomposed  by  the  compound  blowpipe,  supplied  with  hjrdrogen  and  atmos- 
phenc  air;  auo  by  fusion  witn  the  fixed  alkalies,  or  when  boiled  in  water  with 
shreds  of  iron.  Tne  formation  and  subsequent  decomposition  of  the  chloride,  is  one 
of  the  modes  of  obtaioiofr  pure  silver. 

1631.  The  chloride  oi  silver  is  composed  of  one  atom  of  silver,  and  one  atom  of 
chlorine.  • 

1632.  Bromine  and  iodine  form,  with  silver,  compounds  analogous  in  composition 
to  the  chloride.  The  bromide  and  iodide,  acting  as  acids,  combine  with  the  bromides 
and  iodides  of  the  alkalifiable  metals,  acting  as  bases.  A  native  iodide  of  silver  has 
been  found  in  Mexico. 

1G33.  Fluorine  and  cyanogen  both  combine  with  silver;  the  fluoride  acts  as  a 
base,  the  cyanide  as  an  acid' 

Of  the  Compound  of  Silver  with  Sulphur. 

1G34.  The  sulphide  of  silver  is  solid,  ductile,  easy  to  cut,  of  a  lead-prray  colour, 
with  a  metallic  brilliancy,  more  fusible  than  silver,  crystallizable  in  cubes  or  octo- 
kedra,  and  indecomposable  by  fire.     It  acts  as  a  powernil  sulphobase. 

1635.  This  sulphide  is  produced  whenever  silver  is  exposed  to  sulphur,  or  sulphy- 
dric  acid.  Tho  blackening  of  silver  spoons  by  eggs,  is  ascribed  to  the  existence  of 
a  minute  portion  of  sulphur  in  the  albumen.  The  impression  has  been  entertained 
that  persons,  who  use  the  water  of  the  white  sulphur  springs  freely,  find  silver  coin, 
carried  about  them,  blackened  by  the  sulphur  introduced  into  the  blood.  This,  how- 
ever, may  arise  from  their  froquentinor  the  spring,  and  thus  exposing  the  silver  about 
theii  pert»ons  to  the  action  of  tho  sulphydric  acid  gas  which  is  continually  evolved 
fhnathe  water.  I  am,  however,  far  from  deeming  the  fact  improbable.  It  would, 
a  priori,  be  no  more  surprising  that  the  animal  frame  should  be  imbued  witli  sulphur 
than  with  mercury. 

Experimental  Illustrations* 

1636.  Exhibition  of  an  assay  furnace  and  muffle;  also 
of  a  cupel.     Oxidizement  and  solution  of  silver  in  nitric 
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acid  exemplified;  also  its  precipitation  by  chlorides, 
phates,  nrsenites,  arseniates.  copper,  and  niercur)'. 
subnitrate  of  silver,  or  lunar  caustic,  exhibited.  (1619.) 


SECTION  tV.  ^H 

OF  MERCURY.  ^ 

lfi37.  Thia  well  known  metal  is  foimd  in  nature  in  (he 
metallic  state,  pure,  and  in  union  with  silver;  also  ia  the 
8tatc8  of  sulphide  and  of  chloride.  It  is  obtainctl  prioci- 
pally  from  the  native  sulphide,  cinnabar,  the  most  abun* 
dant  and  prolific  of  its  ores,  by  distillation  with  ihc  hy- 
drate of  lime.  In  this  country  it  may  always  be  procured 
nearly  pure,  in  the  iron  bottles  in  which  it  is  impoft- 
ed.  It  ia  alleged  that  mercury  may  be  purified  by  distil- 
lations from  iron  fiUngs.  1  once  distilled  several  hundred 
pounds  in  tliis  way  for  my  mercurial  reservoir,  but  dtd  not 
find  it  to  be  quite  pure  afterwards.  A  better  mode  is  to  di- 
gest it  at  a  heat  below  the  lioiling  point,  with  dilute  nilpba- 
ric  acid  in  a  glass,  porcelain,  or  stoneware  vensel.  Under 
these  circumstances,  any  metal  having  a  greater  affinity  (ot 
Oxygen  than  mercury,  will  be  taken  np  by  tlie  acid. 

1638.  If  on  being  agitated  in  a  cup  of  while  porcdain 
mercury  does  not  soil  the  surface,  it  may  be  coDSida«d  a* 
pure. 

1G39.  When  triturated  or  violently  shaken  with  other 
matter,  so  that  this  may  be  sufficiently  interpose*!  between 
Its  particles  to  prevent  them  from  touching,  it  is  liable  to 
be  comminuted  mto  a  black  or  deep  blue  powder.  Accord- 
ing to  Berzelius,  it  is  in  thia  form  that  mercury  exists  in 
blue  ointment.  It  follows  that  the  method  which  has  been 
recommended  for  the  purification  of  Ibis  metal  by  agitatii^ 
it  so  as  to  cause  the  oxidizement  of  the  more  ('Icctro-fwa- 
tive  metal  which  it  may  contain,  is  pregnant  with  the  P*il 
that  a  portion  of  the  metal  sc])arates  with  the  rcsnlung 
oxides.  There  is  a  large  proportion  of  mercury  separalM  i 
with  the  lime,  during  the  oxidizcmcnt  of  the  rauical  of  . 
this  eartli  in  the  amalgam  of  calcium. 

I6'i0.  Properliex. — Mercury  is  the  only  metal  vrfaicll  i<    , 
liquid  at  the  ordinary  t(nn[>erat(irc  of  the  atmosphere*   k 
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and  briDiancy  it  resembles  and  rivals  silrer.  It 
3  into  a  malleable  solid  at  — 39%  and  boils  at  665^ 
some  experiments  by  Faraday,  it  would  appear  that 
ry  vaporizes  to  a  minute  extent,  whenever  the  tem- 
re  of  the  air  is  above  70°.    At  the  temperature  of 

specific  gravity  is  13.6;  but  in  freezing,  it  is  in- 
d  to  14.4. 

1.  Mercurial  compounds  are  all  volatilizable  by  heat; 
ercurial  salts,  when  moistened  and  rubbed  upon  cop- 
iver  it  with  a  film  of  mercury. 

2.  It  is  alleged  that  if  a  drop  of  any  liquid  contain- 
ercury  be  j^aced  upon  gold,  and  touched  with  the 
3f  a  knife,  or  a  piece  of  iron  wire,  the  mercury  will 
cipitated  upon  the  gold. 

fthe  Alloys  of  Mercury  with  other  Metalsy  called 

Amalgams. 

)•  An  metals  combine  with  mercury,  directly  or  in- 
y.  Its  compounds  have  the  generic  name  of  amal- 
In  the  case  of  gold,  silver,  zinc,  lead,  tin,  and  bis- 
tbe  amalgamation  is  rapidly  efifected.  It  is  less 
produced  with  copper,  unless  when  this  metal  sepa- 
nercuiT  from  the  acids.  It  is  difiicult  to  unite  mer- 
rith  platinum,  and  still  more  so  with  iron,  owing, 
>ly,  to  the  great  difference  in  fusibilitv. 
1.  Mercury  unites  energetically  with  the  metals  of 
lalies.  In  the  case  of  sodium,  a  species  of  combus- 
isues,  so  that  the  mass  becomes  red-hot;  and  when 
i  is  thrown  upon  mercury,  it  is  repelled  with  vio- 
and  with  a  disengagement  of  light. 
5.  The  amalgam  of  potassium  is  an  efficient  instru- 
in  the   evolution  of  the  amalgam  of  ammonium. 

S.  The  equivalents  of  .mercury,  and  of  its  compounds 
xygen,  chlorine,  and  sulphur,  are  as  follows: — 

ry,              -  -  -                equivalent  202 

ide,  1  atom  mercury  with  1  atom  oxygen  210 

e,  1  „            „  2  atoms    „  218 

ihloride,  1  „  „  1  atom  chlorine  238 

fide,  1  „  „  2  atoms    „  274 

Kdphide,  1  „  „  1  atom  sulphur,  218 

iMBj  I  „  „  2  atoms     „  234 
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Of  tJic  Compounds  of  Merairy  with  Orygm. 

IMT.  There  is  eliJI  some  discordancy  in  the  opinions 
and  language  of  chemists  respecting  the  oxides  of  mer- 
cury. It  lias  been  generally  held  that  there  arc  two  oxides 
of  this  metal;  one  black,  the  other  red.  According  to  the 
table  of  equivalenla  in  the  Appendix,  the  atom  of  mercury 
=  202,  with  one  atom  of  o>:ygcn,  forms  tlie  black  oxiileor 
protoxide,  =  210,  and  with  two  atoms  of  oxygen  forms  the 
red  oxide,  peroxide,  deutoxide,  or  bioxide,  =  218.  Dr. 
Thomson,  conceiving  the  atom  of  mercury  to  have  only 
half  the  weight  here  assigned  to  it,  considers  the  black 
oxide  as  consisting  of  two  atoms  of  metal,  and  one  ofm* 

fen,  and  consequently  designates  it  as  a  suboxide.  Tn 
iflerence  in  this  case,  therefore,  is  only  hypothetkaL 
But  Guibourt  has  advanced  that  there  is  only  one  oxide  of 
mercury,  Uie  black  oxide  being  composed,  accordii^  to 
bim,  of  the  red  oxide  and  metallic  mercury.  Donovan,  tm 
the  other  hand,  has  shown  that,  when  a  small  quaDti^of 
calomel  is  added  to  a  comparatively  large  quaotitj  of 
potash,  a  pure  protoxide  or  suboxide  is  obtaineti. 

1648.  The  protoxide  of  mercury  may  be  obtained  by 
digesting  the  protochloride  with  an  excess  of  potash.  The 
oxygen  and  chlorine  exchange  places,  and  the  chloride  of 
potassium,  and  protoxide  of  mercury  are  fonned.  TTiis 
oxide  may  be  precipitated  from  a  solution  of  the  nitrate 
of  the  protoxide,  by  the  addition  of  an  alkaline  aoUition. 
It  has  likewise  been  supposed  to  be  produced  when  uer- 
cury  is  subjected  to  long  continued  agitation,  in  contact 
with  air.  It  is,  however,  allesed  by  Derzelius.  that  the 
black  powder,  thus  obtained,  is  metallic  mercury  in  a  atttfl 
of  extreme  division,  to  which  it  could  not  be  reduced 
without  the  interposition  of  the  oxide,  resulting  from  tie 
presence  of  a  more  oxidizablc  metal;  that,  when  themeul 
18  quite  pure,  and  free  from  the  interposition  of  beterctffr 
neons  particles,  it  undergoes  no  change  by  agitatioo ;  Dot 
that  if,  under  the  same  circumstances,  it  be  triturated  with 
grease,  gum,  powdered  glass,  or  sand,  it  may  be  reduced 
to  a  black  metallic  powder.  He  conceives  that  all  the 
preparations  made  by  triturating  mercury  with  grease, 
gum,  or  other  viscid  substances,  contain  the  metal  in  a  di- 
vided state,  but  not  oxidized. 

1649.  The  protoxide  of  mercury  is  a  black  powder,  whick> 
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y  exposure  to  light,  or  to  the  heat  of  boiling  water,  is 
onverted  into  metallic  mercury  and  bioxide. 

1650.  The  bioxide  may  be  procured  by  long  exposure  of 
lercury  to  a  heat  sufficient  to  cause  a  gentle  ebullition, 
\ie  air  having  free  access.  It  may  likewise  be  obtained 
y  expelling  the  acid  from  the  nitrate  by  heat.  Berzelius 
iforms  us,  that,  agreeably  to  the  opinion  of  some  respect- 
ble  physicians,  it  is  only  when  procured  by  the  former 
lethod  that  it  is  fit  to  be  used  internally.  He  attributes 
bis  difference  to  the  fact  of  its  sometimes  retaining,  when 
btained  from  the  nitrate,  a  small  portion  of  nitric  acid, 
rhis  oxide,  when  in  mass,  is  of  a  beautiful  red  colour,  but, 
►hen  powdered,  assumes  a  yellowish  appearance.  It  is 
ecomposed  into  metallic  mercury  and  oxygen  at  a  heat 

little  below  redness.  In  water  it  is  slightly  soluble,  and 
ts  solution  has  the  property  of  rendering  syrup  of  violets 
teen. 

1651.  Both  the  oxides  of  mercury  act  as  bases.  The 
ioxide  forms  with  ammonia  a  fulminating  compound. 

Of  the  Reaction  of  Acids  with  Mercury  and  its  Oxides. 

1652.  When  nitric  acid,  whether  cold  or  hot,  concen- 
rated  or  dilute,  is  brought  into  contact  with  mercury,  one 
fOTtion  of  the  acid  is  decomposed,  imparting  oxygen  to  the 
letal ;  the  oxide  thus  formed  being  dissolved  by  the  re- 
minder of  the  acid.  When  the  metal  is'  in  excess,  the 
rotoxide  is  principally  formed.  When  the  acid  is  in  ex- 
ess,  the  bioxide  predominates.  Usually,  more  or  less  of 
ach  oxide  is  formed. 

1653.  Whether  concentrated  or  dilute,  cold  sulphuric 
cid  does  not  react  with  mercury ;  but  when  the  concen- 
rated  acid  is  boiled  on  the  metal,  the  phenomena  are  ana- 
)gous  to  those  which  ensue  in  the  case  of  nitric  acid.  One 
ortion  of  the  acid  yields  oxygen  to  the  metal ;  another 
ombines  with  the  oxide  thus  created. 

1654.  As  in  the  case  of  nitric  acid,  we  may  have  the 
)xybase  of  mercury  in  the  state  of  bioxide,  or  of  protoxide, 
iccordingly  as  the  acid  or  the  metal  is  in  excess,  or  as  the 
:iine  allow  ed  for  oxidizement  is  greater  or  less. 

1655.  Each  oxide  of  mercury  forms  three  salts  with 
litric  acid.  When  washed  with  hot  water,  the  bisulphate 
)f  the  bioxide  yields  a  yellow  compound  known  under  the 
lame  of  turpeth  mineral,  which,  according  to  a  recent  ana- 
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lysis  by  Kane,  is  a  sulisulpfiate,  coneisting  of  ooc  atom  of 
neutral  sulphate,  and  two  atoms  of  [jrotoxide,  Uie  ronuuia 
being  lUiO  SO»-f  HGO. 

1656.  Although  in  the  metallic  state,  mercury  bas  ge- 
nerally no  reaction  with  acid»;  yet  iu  the  slate  ol"  iui  ox^, 
it  is  no  doubt  liable  to  be  combined  with  any  of  them. 
About  one  hundred  mercurial  salts  are  mentioned  in  Tbonn 
son'a  Inorganic  Chemistry.  With  these  compounds,  iritb- 
out  a  special  motive,  it  would  be  worse  than  useless  lbr« 
medicul  student  to  burthen  his  memory.  But  it  is  t<>rtuiiBte 
that,  in  this  brauch  of  our  knowledge,  we  are  aided  by 
analogy,  and  that  we  are  enabled,  when  wc  hear  of  in 
oxacid,  to  infer  that  the  formation  of  a  corre^poodil^ 
salt  with  each  oxide  of  mercury  is  possible.  MoreoTff, 
agreeably  to  the  received  principles  of  chemical  nomes- 
clature,  we  are  enabled  to  a.'isign  to  the  compouod  Um 
imagined,  a  name  which  would  he  recognised  b}-  anotfatr 
chemist. 

1657.  In  the  metallic  state,  mercury  has  no  reaction 
with  acids,  having  hydrogen  for  their  radical,  culled  hydra- 
cids,  by  some  chemists;  but  which  are,  in  this  book,  (fc- 
signated  as  halohydric,  or  amphydric  acids.  (GOO.)  Yet, 
excepting  in  the  case  of  the  earths  proper,  it  may  bess- 
sumed  that,  when  any  metallic  oxide  is  presented  (o  any  of 
the  hydracids,  water  will  be  formed  by  the  oxygen  of  ihe 
one,  and  the  hydrogen  of  the  other  ;  while  the  metal  and 
basacigen  t>ody  will  unite,  and,  in  a  mrjority  of  iustances, 
the  metal  will  acquire  the  same  number  of  atoms  of  llic 
basacigen  body,  as  it  rehnquishes  of  oxygen.  It  follows, 
of  course,  that  on  subjecting  a  mercurial  oxide  to  clilon> 
hydric,  bromohydric,  iodohydric,  fluohydric,  cyanbydiic, 
sulphydric,  sclenhydric,  or  tclluhydric  acid,  a  chloride,  bfo- 
inide,  iodide,  fluoride,  cyanide,  sulphide,  selenidc,  or  1^ 
luride,  will  generally,  if  not  universally,  result. 

Of  the  Chlorides  of  Mercury. 

ir>58.  Wlicn  a  solution  of  chloride  of  soilium  and  of 
nitrate  of  the  protoxide  of  mercury  arc  minjried,  the  oiy- 
gcn  of  the  oxide,  and  chlorine  of  the  chlorlile  exchange 
places;  so  that  protochloride  of  mercury  (calomel)  pre- 
cipitates, while  the  oxygen  and  Imodium  uniting,  remain  il 
solution,  and  in  union  with  the  nitric  acid. 

1059.  If  the  solution  of  chloride  of  sodium  be  added  to 


MSBCUIiY.  303 

• 

icm  of  the  nitrate  of  the  biozide,  the  two  atoms  of 
in  thifl  oxide  will  exchange  dlace^  with  the  chlo* 
two  atoms  of  the  chloride;  so  mat  the  tnercury  wiU, 
atooui  of  oxygen^  acquire  a  like  i^umher  of  atoin^ 
rine,  and  be  thus  cpoverted  into  one  atom  of  In* 
3,  or  corrosive  sublimate,  which  will  remain  in  solu- 
tiiere  be  enough  water  presents  Thus  the  qufmtity 
rine  transferred  is  regulated  by  the  quantity  of  onr- 
the  oxide  employed;  the  -  protoxide  producing  the 
iloride,  the  bioxide  the  bichlorkle.  (1^7.) 
L  The  complex  affinity  which  causes  these  chaase^^ 
»  either  in  the  wet  or  dry  way;  that  is,  whewer 
stances  be  mixed  in  solution,  or  suUimed  together, 
sulphate  of  the  bioxide  of  mercury  produces  these 
wnen  sublimed  with  certain  compounds  of  chlo- 
I  chloride  of  sodium  for  instance.  Corrosive  sub- 
s  thus  procured;  and,  by  trituraticm  with  mercury, 
id*sublunation,  and  washing  in  boiling  water,  may 
'erted  into  calomel;  or  the  bisulphate^  by  tlituration 
further  portion  of  the  metal,  being  converted  into 
dpbate,  to'ins  calomel  directly  by  sublimation  with 
Qsdt. 

.  The  process  for  the  manufacture  of  the  proto- 
3,  has  been  improved  by  causing  its  nascent  vapour 
lingled  with  steam,  which,  interposing  between  the 
s,  prevents  them  from  adhering  as  they  condense, 
ire  thus  obtamed  in  a  state  of  more  minute  divi- 
in  could  be  effected  by  trituration,  and  the  aqueous 
«,  in  condensing,  combine  with  and  remove  any 
^  of  corrosive  sublimate  which  may  be  generated 
neously  with  those  of  the  calomel.  Calomel  thus 
^,  has  been  distinguished  as  Howard's  hydrosub- 

I.  Chlorine  does  not  combine  with  mercury  in  the  in- 
Dode  abovcmentioned  only.  A  jet  of  chlorine  bums 
leously  in  mercurial  vapour,  forming  a  bichloride. 
.  The  chlorides  of  mercury  may  likewise  be  ob- 
by  subjecting  the  oxides  to  chlorohydric  acid;  in 
ease  the  hydrogen  of  the  acid,  and  oxygen  of  the 
mm  water,  while  the  mercury  and  chlorine  unite; 
Nmide  fidving  rise  to  the  protochloride,  the  bioxide 
UehloriSs,  as  already  explained.  (1657.) 
i*  The  proc  3sses  for  manufacturing  these  important 

19 
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compounds  of  mercury,  are  very  numerous.  Tb^  htfe^ 
howereri  but  one  object — ^that  of  presenting  cbkynne  aid 
mercury  to  each  other  in  due  quantities,  and  intimatib 
mingled.  When  the  chlorine  is  in  excess,  corrosiye  sabih 
mate  is  formed;  when  the  metal  predominates,  cakxneL 

1665.  The  proiochloride  is  white  and  crystalliiie,  M 
usually  more  compact  than  corrosive  sublimate,  ft  k 
tasteless,  inodorous,  and  unalterable  by  exposure  to  lb 
atmosphere  if  protected  from  light;  but  by  this  it  is  bhck* 
ened,  and  partially  reduced  to  the  metallic  state.  It  m 
blackened  by  alkaline  solutions,  by  the  generation  c^po^ 
oxide;  and  when  the  surface  is  remov^,  it  appears  yel- 
low, so  that  a  scratch  made  with  the  nail,  is  productiftrf 
a  yellow  streak.  It  is  less  rolatile  than  the  biddoriHii 
This  chloride  acts  as  a  base. 

1666.  The  bichloride  or  corrosive  sublimate  ia  ivliii^ 
more  or  less  crystalline,  and  transparent.  It  is  sdoUallj 
about  twenty  parts  of  cold  water,  but  more  ao  m  Mj 
water,  whence  crystals  are  obtain^  by  refrigeratioB.  K] 
dissolves  in  two  parts  of  alcohol,  and  in  three  paxll 
ether,  by  weight.  It  is  not  soluble  either  in  sulpoarie  or 
nitric  acid.  On  the  application  of  heat,  it  subOmet  M- 
changed.  When  added  to  an  alkaline  solutioD  in  motm, 
a  yellow  hydrated  bioxide  of  mercury  precipitate!.  The 
proportions  being  reversed,  as  when  an  alkahne  sohitioo  0 
dropped  into  the  solution  of  this  chloride,  a  compound  of 
the  bioxide  and  bichloride  is  precipitated,  which  is  of  t 
brick-red  colour.  Berzelius  designates  this  compound  ai 
the  chlonire  mercKrique  basiquc^  while  Thenard  gives  it  tbi 
name  of  bioxido^hlorure.  The  latter  appellation,  chanfBd 
to  oxychloride^*  in  order  to  render  it  consistent  with  the 
nomenclature  adopted  in  this  work,  and  more  easy  to  pro- 
nounce, I  shall  employ  for  this,  and  for  analogous  con* 
pounds  formed  with  other  raetals.t 

1667.  Ammonia  throws  down  from  a  solution  of  the 
bichloride,  a  compound  called  ammoniated  mercury  in  die 

*  I  beliove  tbis  name  if  now  generally  preferred. 

t  This  compound  probably  fumuihes  one  anionic  many  other  instances,  in 
an  electro-positive  compouoo  of  one  basacigen  body,  anitet  with  an  electr 
compound  of  another. 

It  might  indeed  be  alleged,  that  in  this  case  the  metal  acts  the  part  of  a 
body,  agreeably  to  my  deSnition,  (G2S,)  as  it  enters  into  two  compounds,  on* 
negative,  the  other  electro-positive,  which  form  a  tcrtium  quid.    This  TieweTA* 
subject  corroborates  the  remark,  which  I  have  elsewhere  made,  that  nature  hMt^ 
fitted  her  bodies  for  distinct  classification ;  and  that  consequently  there  will  be  cmt^ 
in  which  tome  of  the  bodies  aisociated  in  one  class,  will  appear  to  belong  to 
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ted  States'  Pharmacopoeia,  but  more  generally  known 
hydrargyrum  precipitatum  album,  or  white  precipitate, 
ne  light,  derived  from  organic  chemistry,  has  lately  led 
a  new  view  of  this  preparation,  which  it  will  be  more 
venient  to  present,  m  treating  of  that  branch  of  the 
^nce. 

668.  The  bichloride  of  mercury  has  a  most  nauseous 
allic  taste,  and  is  a  virulent  poison.  The  best  antidote 
it  is  albumen,  which  may  be  given  in  the  form  of  the 
te  of  eggs,  diluted  with  water.  This  chloride,  acting 
an  acid,  combines  with  the  chlorides  of  ammonium, 
ELSsium,  sodium,  barium,  and  magnesium.  As  a  base  it 
ibines  with  chlorohydric  acid,  forming  a  crystalline 
ipound,  which  effloresces  and  is  decomposed  when  ex- 
^  to  the  air. 

669.  The  salt,  long  known  under  the  antiquated  appel- 
3n  of  sal  alembroih,  and  formed  by  mixing  solutions  of 
ammoniac  and  corrosive  sublimate,  is  now  by  Berzelius 
sidered  as  a  double  salt,  and  by  Bonsdorf,  a  cblorohy- 
rgyrate.  This  last  mentioned  name  accords  with  the 
nition  of  acidity  and  basidity  which  I  have  proposed. 

Of  ike  Bromides,  Iodides,  Fluorides,  and  Cyanides  of  Mercury* 

570.  As  respects  the  means  of  their  production,  the  ratio  of  their  con- 
?nt  atoms,  and  their  qualities  in  general,  there  is  the  greatest  analogy 
een  the  compounds  formed  by  mercury  with  the  halogen  class.    Hence, 
ig  treated  particularly  of  the  chlorides,  I  shall  treat  with  the  utmost 
[ty  of  the  compounds  named  at  the  head  of  this  article. 
M\.  Bromine  forms  two  compounds  with  mercury.   The  protobromide 
hite,  pulverulent,  and  insoluble.     It  is  obtained  by  the  reaction  of  the 
lide  of  potassium  with  the  iiitratci  of  the  protoxide  of  mercury. 
572.  The  hihromidc  is  formed  by  subjecting  mercury  to  the  action  of 
line  and  water.     It  is  soluble,  crystallizable,  fusible,  capable  of  volatih'- 
tn,  and  colourless.     With  the  alkaline  bromides  it  acts  as  an  acid. 
J73.  The  protiodidc  of  mercury  is  obtained  by  the  reaction  of  the 
le  of  potassium  with  the  nitrate  of  the  protoxide  of  mercury.    It  is  olive 
ired,  insoluble  in  water,  and  corresponds  in  composition  with  the  prot- 
e. 

574.  The  biiodidc  may  be  prrxrured  by  adding  the  iodide  of  potassium 
solution  of  the  birhloride  of  mercury.  A  reciprocal  decomposition 
s  place,  and  the  biiodide  of  mercury  and  the  chloride  of  potassium  are 
ned.  The  biiodide  is  fusible,  volatile,  and  of  a  transcendently  beautiful 
•let  colour.  As  an  acid  it  combines  with  the  iodides  of  many  of  the 
hv  tad  alkalies,  and  with  the  iodides  of  zinc  and  iron.  As  a  base  it 
Bi  with  iodohydric  acid.  It  consists  of  one  atom  of  mereury,  com- 
d  witb  two  atoms  of  iodine. 
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1675.  Another  iodide  exists,  containing  less  iodine  than  the  biiodide,  but 
more  than  the  protiodidc. 

1676.  Although  cyanogen  does  not  combine  with  mercury  directly,  a 
hicyanide  is  obtained  when  the  bioxide  of  this  metal  is  digested  in  water 
with  Prussian  blue.  I  shall  more  fully  explain  this  process  when  treating 
of  iron. 

1677.  The  employment  of  the  bicyanide  in  the  evolution  of  cyaiMgen 
and  cyanhydric  acid,  has  already  been  mentioned.  (1296).  The  Incjaoide 
of  mercury  forms  combinations  with  the  alkaline  cyanides,  in  which  it  plays 
the  part  of  an  acid. 

1678.  The  fluoride  of  mercury  is  obtained  by  the  action  of  fluohydric 
acid  on  the  bioxide.  It  acts  both  as  an  acid  and  base.  It  is  yclbw,  vola- 
tile, and  when  volatilized  in  platinum  or  glass  vessels,  corrodes  then* 
If  subjected  to  water,  it  is  resolved  into  a  soluble  and  an  insoluble  oom- 
pound. 

Of  the  Compounds  of  Mercury  with  Sulphur. 

1679.  Agreeably  to  the  list  of  equivalents  near  the  beginning  oftliii 
section,  mercury  forms  with  sulphur,  a  protosulphide  and  a  bisulpbkk. 
When  a  weak  solution  of  the  nitrate  of  the  protoxide  of  mercury  it  in* 
pregnated  with  sulphydric  acid,  the  prototulphide  is  produced  in  toe  km 
of  a  black  precipitate.  It  appears  to  be  an  unimportant  compound.  Ik 
protosulphide  acts  as  a  sulphobase.* 

1680.  The  bisulphide  may  be  generated  by  impregnating  with  thenar 
gas  a  solution  of  the  bichloride.  Thus  obtained,  it  resembles  the  praUwul- 
phide  in  assuming  a  black  colour,  which,  however,  may  be  changed  to  led 
by  sublimation. 

1681.  The  bisulphide  (artificial  cinnabar)  is  procured  in  the  large  way. 
by  fusing  one  part  of  sulphur,  stirring  in  gradually  six  or  seven  of  mercury, 
and  subjecting  the  resulting  black  mass  to  the  process  of  saUimatioo  in 
close  vessels. 

1682.  Kirchoff  procured  cinnabar  by  a  long  rontinuod  trituration  of 
mercury  and  sulphur  with  a  solution  of  caustic  potash,  aided  by  a  gentle 
heat.  I 

1683.  Bisulphide  of  mercury  is  attacked  noithor  by  sulphuric,  niirr  I 
nor  chlorohydric  acid,  nor  by  caustic  alkaline  solutions;  but  whrn  suhfti-  I 
ed  to  chlorine,   cither  in  acjueous  solution  as  in  aqua  regia.  or  in  thr 
gaseous  form,  it  is  converted  into  bichloride  f>r  niercury,  and  bichloriik- »»f 
sulphur. 

1684.  Berzelius  allec^s  that  this  bisulphide  |)errorms  the  |iart  of  a  bn*' 
in  con)l)ining  with  the  aeriform  sul|)haci(ls.  It  also  lornis  cnmi>>unds  ^iih 
the  bichloride,  bibromidc,  biiodide,  and  hiflunride  <»l'm<Trnrv. 

16^5.  Equal  parts  by  weijrht  of  in'Tciiry  and  snlplmr,  trituratrd  !i^ 
geth<T,  form  a  black  mass,  callf^d,  fronj  its  mlour,  Ethiops  mintraU  which 
is  now  considered  as  a  mixture  of  bisiil|)hide  of  mercury  an<l  sulphur. 

*  Guibourt,  who  has  beon  nicritinntMl  an  qtioHtiotiin^  the  fxititonce  of  tiKirc  tiui 
one  oxido  of  mcrniry,  lins  nlh'iffMl  his  disbeliof  in  th«»  existmro  «if  nv»r«»  thiB  (V 
mercurial  sulphide ;  the  black  xiilphidr  boiiiif,  in  hin  opinit*!!,  .1  mixture  of  the  r*^ 
with  the  metal.  8eflHtroin  controverts  IIiim  aU(><rati<in,  and  Tlienartl.  ritiii|[  ki» 
opinions  and  that  of  (■uibourt,  inclines  in  favour  of  tho8«'  of  Sotli^trom.  Theniril 
alleys  that  at  least  the  prrtto^ulpltidc  exists  ns  a  bas<>,  in  rr>nibinnlion  with  sulphitfe«- 
acting  of  course  as  sulphncids  agreeably  to  nty  detinition.  ii\'M  ) 
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Of  the  Phosphurets  qf  Mercury. 

1696.  In  its  habitudes  with  mercury,  phosphorus  displays  that  analogy 
with  sulphur  which  is  in  general  so  remarkable.  It  forms,  according  to 
Berzelius,  a  red  and  a  black  phosphuret.  The  latter  results  from  the  diges- 
tion of  bioxide  of  mercury  with  phosphorus  and  water;  the  former,  from 
exposing  phosphorui  to  the  vapours  of  the  bichloride  of  mercury. 

Experimental  Illustrations. 

1687.  Ebullition  and  distillation  of  mercury.  Its  com- 
pounds with  oxygen  and  sulphur,  exhibited.  Action  of 
nitric  acid  and  of  sulphuric  acid  on  the  metal.  Resulting 
salts,  subjected  to  hot  water.  Black  oxide  and  red  oxide, 
severally  dissolved  in  nitric  acid.  Chlorohydric  acid  pre- 
cipitates calomel  from  the  one,  but  occasions  no  precipitate 
in  the  other.  Fixed  alkalies  and  alkaline  earths  produce 
a  black  precipitate  in  the  nitrate  of  the  black  oxide  or  prot- 
oxide, an  orange  precipitate  in  the  nitrate  of  the  red 
oxide  or  bioxide.  Similar  results  obtained  by  adding  them 
to  calomel  and  corrosive  sublimate ;  the  former  giving  the 
black,  the  latter  the  red  oxide.  Hydrargyrum  precipita- 
tum  album,  precipitated  from  solution  of  bichloride  by  am- 
monia. Solutions  of  the  different  mercurial  oxides  precipi- 
tated by  iodide  of  potassium.  Inflammation  of  chlorine 
with  mercurial  vapour.  Explosion  of  fulminkting  mercury. 
Diversity  of  precipitates  produced  by  adding  bichloride  to 
an  excess  of  alkali,  or  adding  the  latter  to  an  excess  of  bi- 
chloride. (16G6.) 

Combustion  of  Mercury  with  Chlorine. 

1088.  7*hi8  ezpehincnt  may  bo  performed  by  means  of  the  apparatus  represented 
by  the  foUowin^  cut.  Let  there  be  a  ^lass  globe,  furnished  witn  a  neck  and  tabu- 
hire,  and  holding  about  two  gallons  of  chlorine.  Into  the  neck,  let  a  trampet-thaped 
tabe.  Bf  reaching  to  the  bottom,  be  fastened  air-tight  by  means  of  a  cork. 

16H9.  Let  another  tubo,  about  fifleen  inches  in  length,  and  tapering  towards  one 
•nd,  0o  ae  to  form  a  capillary  orifice,  be  fastened,  at  the  other  end,  into  the  lateral 
tobolurc  of  the  globe.  Provide  n  globular  receiver,  K,  with  a  nock  on  one  eido,  and 
a  perforation  on  the  other,  opposite  the  neck. 

1690.  Let  the  lower  part  of  this  vessel  be  occupied  by  about  a  gill  of  mercury,  and 
exposed  to  a  chauffer  of  coals,  so  as  to  fill  the  whole  cavity  of  the  vessel  with  the 
Taponaed  metal.  Under  these  circumstances,  introduce  the  pipe,  D,  proceeding  from 
the  lainml  tuhulure,  into  the  neck  of  the  receiver,  so  that  the  capillary  orifice  may  bo 
near  the  perforation ;  and  immediately  afterwards  pour  chlorohydric  acid  into  the 
tiilw,  B.  This  will  sabject  the  chlorine  to  pressure  without  absorbing  it,  and  conse- 
qoratly  eanso  it  to  escape  in  a  jet  from  the  capillary  orifice  in  tho  pipe.  Honce, 
miagiutf  with  the  vaporized  mercury,  it  will  produce  a  feebly  luminous  flame. 


IWl.  iMIead  of  using  the  globe  and  its  appendages,  I  have,  in  a  majorKy  of 
mloyed  a  tubulated 
of  die  j«t  of  cnlorine.    The  retort  being  suflicicntly  supplied  with  manganese,  and  a 


inMuiees,  employed  a  tubulated  retort,  with  a  long  narrow  beak,  for  tlie  production 
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(liH  fi)nQ«l  wiUi  ...      ._       .     ._.     .   . 

acid  ia  allowed  to  enter  through  (he  funnel,  u  will  gnncnU  b  mlGcivnt 
ohlorjno  to  produca  a  Jet  rrom  the  c^pillKr;  orifict,  m  whieh  tho  b*»k  a 
u  purpoKly  miule  ti  lenniiiBle.  The  beak  of  the  telort  being  mtde  loo 
place  of  liifl  tube,  lepresenled  in  the  figure  ■■  proceodine  froia  tlie  (lob*, 
riment  in,  in  olbor  rcspecti,  Iho  ssme  u  that  atmre  doicribfcl. 

16!I2.  Since  Ihii  engTDTing  mi  made,  for  the  pnrpo»  of  mpplfinc  dlMM,  I 

have  found  mj  eel f- regulating  rcaerroir  of  chlorine,  to  nsodgr  the  ptrTa 

thi*  oxperimeut  more  convenient  and  lou    procarioui  th«n  tba     

preMDlnd.  (7SS,  975.) 


SECTION  V. 


1693.  Copper  is  occasionally  round  in  nature  in  ihe  ne* 
tallic  Btate;  also  in  those  of  oxide,  carbonate  nnd  PiiliJwIe. 
It  is  obtained  principally  from  the  sulpiiide.  The  ^uipluile 
being  acidified  and  voIatiHzed,  and  the  metal  oxidized  by 
torrefaction,  the  resulting  oxide  is  decomposed  by  bait 
and  charcoal. 

1691.  Tho  copper  of  commerce  contains,  according  to 
Bcrzelius,  a  minute  portion  of  sulphur  and  carboa-  II 
may  be  purified  hy  solution  in  concentrated  and  boflitg 
cblorohydric  acid,  and  subsectucnt  precipitation  by  a  Im^ 
plate  of  iron. 

1695.  Properties. — The  lustre  and  peculiar  coloor  rf 
this  metal  arc  too  well  known  to  need  description.     &- 
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;  titanium,  it  is  the  only  red  metal.  It  is  rery  mal- 
ind  ductile,  and  next  to  iron  in  tenacity.  It  fuses 
hite  heat.  Alloyed  with  a  small  quantity  of  tin, 
forms  bronze;  with  a  larger  quantify,  bell  metal, 
with  zinc,  or  subjected  to  me  vapour  of  this  metal, 
ved  from  calamine  when  heated  with  charcoal,  it  is 
ted  into  brass. 

).  If  a  current  of  ammoniacal  gas  be  passed  over 
»  heated  to  bright  redness  in  a  tube,  the  gas  is  de- 
sed,  and  the  copper  becomes  brittle,  although  its 
is  but  slightly,  if  at  all  increased.  This  change  is 
ed  to  be  due  to  a  different  aggregation  of  the  parti- 

the  copper,  induced  by  the  formation  and  subse- 
ieoomposition  of  a  nitruret  of  copper, 
^  The  blade  of  a  knife,  or  any  bright  piece  of  iron 
I,  is  a  test  for  copper  in  solution ;  as  a  film  of  this 
nil  be  precipitated  upon  the  iron  or  steel  and  com- 
te  to  It  the  appearance  of  copper.  Ammonia, 
idded  in  excess,  produces  a  blue  colour  in  water 
ing  a  very  minute  quantity  of  copper,  (523,  die.) 
ave  ascertained  that  it  requires  twice  as  much  cop* 
produce  a  blue  tinge  with  ammonia,  as  to  produce 
le  cyanoferrous  acid  of  the  cyanoferrite  oi  potas- 
he  appropriate  hue  of  the  cyanoferrite  of  copper, 
s  a  peculiar  rich  reddish-brown.  With  this  test  I 
etected  copper  in  the  rain  water,  proceeding  from 
ut  of  a  copper  roof. 

!.  Phosphorus  combines  with  copper  in  various  pro- 
s,  forming  unimportant  compounds.  When  present 
II  quantity,  it  has  an  effect  upon  this  metal  similar 

which  carbon  has  on  iron,  rendering  the  copper 
lOugh  for  cutting  instruments.  Carbon  and  silicon 
Knbine  with  copper. 

K  The  specific  gravity  of  copper  is  nearly  9. 
L  The  equivalents  of  copper,  and  of  its  compounds 
ygen,  chlorine,  and  sulphur,  are  as  follows 


«  •  0  •  «  « 

iozide,  2  atoms  copper  with  1  atom  oxygeo, 
frotoxide,  1  atom      „  1  atom      „ 

,  1  atom  copper  with  2  atoms  oxygen, 

le^  2  atoms     „  1  atom  chlorine, 

Mide,  1  atom       „  1  atom       „ 

hy  2  atoms     „  I  atom  sulphur, 

ihide,  1  atom      „  1  atom      „ 


32 
72 
40 
48 
100 
68 
«0 
48 
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()f  the  Compounds  of  Copper  with  Oxygen. 

1701.  Tliero  are  three  oxides  of  copper,  a  dioxide, 
protoxide,  and  a  peroxide. 

lH)'.i.  Every  one  is  familiar  with  tlie  appearance  of  (h 
dioxide;  since  it  forms  the  dull  red  exterior  coilioff  c 
copper,  as  it  conies  to  us  from  the  tnanufiicturtT.  M  he 
tins  oxide  is  subjected  to  liquid  chlorohydric  acid,  a  doubl 
decomposition  ensues,  and  water  and  a  dicliluride  of  coppt 
are  formed,  the  latter  remaining  in  sohition.  Subjected  t 
uitric  ucid,  the  dioxide  is  converted  into  protosidu  by  on 
portion  of  tlio  acid,  and  dissolved  by  the  other.  Bt  % 
niting  the  protoxide  «'ith  metallic  copper,  the  anliyonn 
dioxide  '}f  produced.  On  mingling  solutions  ol'  potash  U 
of  the  dichloride,  an  orange-coloured  hydrate  of  t!ic  diw 
ide  precipitates.  It  is  diflicult  to  wash  and  dry  this  cm 
pound  without  partially  converting  it  into  protoxide* 

1703.  The  protoxide,  of  copper  '\^  of  a  browni«h-blad 
colour.  It  is  tbniied  upon  sheet  copper,  Mheii  exposed  t 
a  bright  rcd>heat  with  access  of  air.  To  obtaio  it,  bow 
ever,  riioiiurd  recommends  that  the  nitrate  or  sulpltatc  b 
intensely  ignited  in  a  stoneware  retort,  by  whica  roeui 
tbe  acid  is  volatilized,  and  the  protoxide  remains.  Thi 
oxide  is  formed  when  copper  is  dissolved  in  nitric  or  R 
phuric  acid,  and  enters  iato  combination  with  tbeo^  fim 
mg  a  nitrate,  or  sulphate. 

I7(M.  Thenard  alleges  that  it  is  soluble  in  amiDODii 
only  when  combined  with  water  or  some  acid;  and  that 
is  insoluble  In  the  ilxed  alkalies,  whether  hydrous  or  ai 
hydrous. 

1705.  That  the  fixed  alkalies  promote  its  oikUzeMM 
is  evident;  since  sheet  copper,  or  brass,  moisteDod  wit 
alkaline  solutions,  always   becomes  green   in  tbe  tf. 
think  it  probable,  that  carbonic  acid  co-operatea  it  pn 
ducing  this  result. 

1706.  The  peroxide  of  copper  is  formed  by  nui^b 
the  bioxide  (deutoxide)  of  hydrogen  with  a  weak  sc^olk 
of  nitrate  of  copper,  and  adding  just  enough  alkali  to4 
compose  all  the  nitrate.  These  conditions  being  realoi 
a  brownish-yellow  gelatinous  mass  subsides,  which,  aft 
being  washed  upon  a  filter  with  cold  water,  and  dried  i 
tbe  vacuum  of  an  air  pump  over  sulphuric  acid,  foniu  d 
peroxide.    This  oxide  has  do  taste  or  smell. 
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1707.  The  didxide  of  copper  acts  feebly  as  a  base,  the 
rotojdda  energetically,  and  the  peroxide  plays  the  part 
either  of  a  base  nor  of  an  acid. 

1708.  Nitric  acid  diluted  nearly  to  the  specific  gravity 
r  1.2,  protoxidizes  and  dissolves  copper,  producing  a  blue 
>Iution,  which  yields,  by  evaporation,  elegant  blue  crys- 
Jb-  The  ignition  which  ensues  when  these  crystals  are 
ilverized,  moistened,  and  rolled  up  in  tinfoil,  has  been  ad- 
uced  as  an  exemplification  of  the  influence  of  water  in 
romoting  chemical  reaction.  (829.) 

1709.  The  crystals  of  nitrate  of  copper  are  of  a  deeper 
lae  than  those  of  the  sulphate,  and  are  deliquescent.  At 
moderate  temperature,  these  crystals  fuse,  and  lose  a  part 
f  their  water  of  crystallization. 

1710.  Sulphuric  acid,  boiled  on  copper,  oxidizes  and  dis- 
dlres  it  without  heat,  as  nitric  acid  does.  T^e  resulting 
3fflpoand  forms  the  blue  crystals  of  the  sulphate,  called  in 
>mmerce  blue  vitriol  or  blue  stone.  (494.^ 

1711.  A  compound  is  obtained  by  triturating  sulphate 
r  copper  with  carbonate  of  ammonia,  called  cuprum  am' 
^niaftimlfammoniated  copper)  in  the  Pharmacopoeias. 

1712.  This  contains  the  ammoniacal  sulphate  of  copper, 
rith  some  portion  of  the  carbonate  undecomposed.  It  may 
e  a  mixture  of  ammoniacal  sulphate,  and  ammoniacal 
arbonate  of  copper.  It  is  designated  as  ammoniated 
>pper  in  the  United  States'  Dispensatory;  and  the  authors 
liege  that  there  is  some  obscurity  as  to  the  mode  in 
hich  its  ingredients  arc  associated.  It  has  been  stated 
bove,  that  the  protoxide  of  copper  is  not  soluble  in  am- 
lonia,  unless  when  united  with  water  acting  as  hydric 
cid,  or  with  some  other  substance  capable  of  performing 
le  part  of  an  acid.  Berzelius  mentions  that  the  protox- 
le  of  copper  may  be  kept  in  a  bottle  containing  liquid 
mmonia,  without  tinging  it  blue ;  but  that  the  introduc- 
lon  of  only  a  few  drops  of  any  ammoniacal  salt,  the  car- 
KMiate  for  instance,  causes  the  well  known  striking  blue 
:oUHir  of  the  cupreous  solution,  formerly  called  aqua  sap- 
Aiirina.  He  also  alleges  that  cuprum  ammoniatum  con- 
ains  the  ingredients  m  such  proportion,  that  the  alkali 
atorates  twice  as  much  acid  as  the  copper. 

40 
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Of  the  Compounds  of  the  Oxides  of  Copper  tmtk  Acetk 

Acid* 

1713.  The  oxides  of  copper  form  salts  with  almoet  evcqr 
acid,  whether  mineral  or  vegetable.  Among  these,  none 
are  better  known  than  its  combinations  with  acetic  add,  of 
which  one  is  designated  in  commerce  as  verdigris,  the 
other  as  crystals  ol  Venus. 

1714.  Crude  verdigris  is  a  mixture  of  neutral  aceiite 
and  subacetate  of  copper,  with  some  impurities. 

1715.  The  neutral  acetate  crystallizes  readily,  and  indie 
crystalline  form  has  received  the  name  of  crystals  of  Ve- 
nus ;  Venus  having  been  one  of  the  names  given  to  cop* 
per  by  the  old  chemists. 

1716.  The  subacetate  consists  of  one  atom  of  acid  witk 
two  of  protoxide,  while  the  neutral  acetate  consists  of  one 
atom  ol  each  constituent. 

1717.  7%c  salts  of  the  protoxide  of  copper  are  aD  of  an 
intensely  blue  or  green  colour.  This  does  not  Bffsu  Co 
be  true  in  the  case  of  the  dioxide ;  since,  according  to  Ber- 
zclius,  when  verdigris  is  subjected  to  heat,  colourlefls  crye* 
tals  of  the  acetate  of  the  dioxide  sublime,  so  as  neariy  to 
fill  the  beak  of  the  retort.  Thenard  alleges  that  when  the 
hydrnted  dioxide  is  subjected  to  liquid  ammonia,  a  colour- 
lc:>s  j^olution  of  it  results. 


IMAJU  3lS 

€f  tk$  Compounds  (f  Capper  wUk  StUpkur  ami  Sdmium. 

I  JiBulvkiie  ^  eapper  m»j  be  produced  by  the  fuium  of  the  meUJi  or  iti 
Ji  ralpnnr.  It  is  found  pore  in  nature,  and  likewise  combined  in  definite 
OS  with  the  snlphides  of  antimonj,  arsenic,  bismuth,  and  iron,  in  which 
lolphor  is  Qsuallj  divided  equally  between  the  metals.  Benelios  alle^fes 
lide  to  be  a  powerful  sulphobase.  Tet,  in  its  combination  with  the  sulphide 
t  cannot  be  supposed  to  act  as  a  base,  as  iron  is  more  electro-poaitiYe  than 
The  affinitj  between  the  last  mentioned  sulphides  is  so.energetic,  that  the 
solphocuprate  of  iron  cannot  be  decomposed  by  the  united  action  of  carbon 
ed  alkali. 

^rsConi/pAtde  of  eanptr  is  formed  when  this  metal  is  precipitated  from  its 
bj  solphjdric  acia. 

I?opper,  bj  fusion  with  various  sulphides  of  the  alkalifiable  metals,  is  made 
irith  several  proportions  of  sulphur,  but  the  resulting  oompounds  are  unim- 

rbe  union  of  copper  with  selenium  is  productive  of  heat  tad  li|^t;  in  which 
IS  in  others,  the  analogy  between  seleniuffl  and  suMmr  is  sustaiaad.  Hie 
;  compound  is  a  diselemde.  It  is  found  in  nature,  irat  does  nol  appear  to 
f  interesting  prmrties.  A  protoselenide  is  fimned  when  copper  is  preoipi- 
salenhydric  acid. 

Experimented  Illustrations. 

6.  Solution  of  copper  in  nitric  acid,  and  its  precipi- 
by  iron.  Effects  of  ammonia ;  also  of  cyanoferrite 
BssiaiD,  on  solutions  of  copper.  Crystals  of  the 
ite,  nitrate,  acetate,  and  subacetate,  exhilnted ;  also 
solutions.  Exhibition  of  the  protoxide,  and  of  copper 
9  superficially  dioxidized. 


SECTION  VI. 

OF  LEAD. 

h  IjbsA  18  found  in  nature,  in  union  with  sulphur  and  with  oxygen, 
nwiie  united,  in  the  state  of  an  oxybase,  severally  with  chromic, 
rie,  phosphoric,  molybdic,  carbonic,  and  arsenic  acids* 
)•  Lead  is  procured  chiefly  from  the  native  sulphide,  known  among 
and  mineralogists  under  the  name  o^ galena^  which  is  the  most  abun- 
id  prolific  of  its  ores.  The  metal  is  liberated  from  galena  by  exposing 
)Same  of  a  revcrberatory  furnace,  which,  oxidizing  and  expelling  the 
*,  liberates  the  lead,  partially  in  the  state  of  oxide,  principally  in  the 
;  state.  The  protoxide  of  this  metal  in  a  semivitrified  state,  called 
If  is  largely  obtained  in  the  process  of  cupellation,  already  described 
■Bans  of  procuring  silver  from  argentiferous  salena,  or  from  alloys 
Ait  exists  in  union  with  more  oxidizable  metals.  (1612.) 
k  From  any  of  its  oxides,  the  metal  is  easily  obtained  by  heat  and 

d» 

L  In  the  small  way,  a  great  majority  of  its  combinations  will  yield  a 
S  riobule,  by  exposure,  on  charcoal,  to  the  deoxidizing  or  carbo- 
i  moat  of  the  blowpipe. 
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1781.  Properties. — ^The  colour,  lustre,  and  malleability  of  lead  are  well 
known.  It  Rises  at  about  600°  F.  Its  specific  gravity  is  11.352.  In 
large  masses  it  is  pre-eminently  ductile,  as  it  may  be  drawn  into  pipes  of 
four  inches  bore ;  but  it  is  too  deficient  in  tenacity  to  bo  drawn  into  fine 
wire*  It  is  very  useful  to  chemists,  being  employed  to  construct  the  diam- 
bers  and  vessels  used  in  the  manufacture  of  sulphuric  acid,  of  chJorine^ 
and  of  the  bleaching  and  disinfecting  salts. 

Of  the  Compounds  of  Lead  with  Oxygen. 

1732.  The  following  are  the  only  known  compoundft  of 
lead  with  oxygen,  with  equivalents  of  the  metal^  and  of 
those  oxides: — 

Dioxide,  or  dross^  probably    2  atoms  lead,  208 

1  atom  oxygen,  8 

Protoxide,  1  atom  lead,  104 

1  atom  oxygen,  8 

Bioxide,  1  atom  lead,  104 

2  atoms  oxygen,  16 

Red  oxide,  or  minium,  3  atoms  lead,  312 

4  atoms  oxygen,         32 


S16 


112 


120 


344 

1733.  The  protoxide  of  lead,  as  we  find  it  in  the  shops 
under  the  appellation  of  litharge,  is  of  a  yellow  coloar 
when  in  mass,  but  reddish-yellow  when  pulverized.  In  the 
pulverulent  form  it  is  known  in  conmicrce  by  the  name  of 
massicot.  It  appears  to  be  soluble  in  pure  water,  but  is 
rendered  insoluble  by  the  presence  of  the  smallest  quantity 
of  chloride  of  sodium  or  of  any  earthy  matter.  The  prot- 
oxide of  lead  acts  both  as  an  acid  and  a  base.  lo  the  lit- 
ter capacity,  it  unites  with  the  more  powerful  acids;  in 
the  former,  with  the  earths  and  alkalies. 

1734.  When  the  protoxide  of  lead  is  powdered  and 
heated  nearly  to  redness,  and  then  suflbre<l  to  cool  slowl?* 
it  is  converted  into  a  substance  called  minium  or  red  teoi, 
which  is  largely  consumed  as  one  of  the  materials  of  fliot 
glass.  Formerly  minium  was  considered  as  a  distinct 
oxide,  and  to  this  view  of  its  composition  Berzelius  in- 
clines. Thenard  alleges,  u[)on  the  authority  of  experi- 
ments made  by  Dumas,  that  it  consists  of  three  atoms  of 
lead  united  to  four  of  oxygen,  and  infers  that  it  is  a  com- 
pound of  one  atom  of  the  bioxide,  and  two  of  the  protoxide 


173S.  When  miniam  is  exposed  tea  red  heat, it  evtilves 
oxygwi,  and  is  converted  into  the  protoxide. 

1738.  J%e  bhxide  of  lead  is  obtained  by  the  action  of 
nitric  acid  on  minium.  If  minium  be  a  sesquioxide,  one 
portion  of  it  yields  half  of  an  equivalent  of  oxygen  to  an* 
other  pOTtion,  and  forms  a  bioxide,  while  it  passes  to  the 
state  of  protoxide,  and  is  taken  up  by  the  acia.  But  if  the 
opinion  of  Thenard  and  Damas  oe  correct,  it  must  be  in- 
fared  that  nitric  acid  dissolves  the  protoxide,  and  dina  ex- 
tiicates  the  hioxide  previously  existmg  in  the  mass. 

1737.  The  bioxide  is  of  a  flea-colour,  and  is  convertible 
bjr  heat,  first  into  minium,  and  then  into  protoxide.  When 
triturated  with  sulpliur,  inflammation  ensues.  Accordiiu; 
to  Thoiard,  this  oxide  never  acts  as  a  base,  and  but  aef 
dom  as  an  acid. 

1738.  Berzeiius  all^s  that  the  gray  pellicle  or  dross, 
idiich  forms  on  the  surface  of  leaa  wh^i  «posed  to  the 
air,  and  which  accumulates  in  greater  quantities  when  the 
metal  is  heated,  is  a  dioxide  of  lead  He  also  states  th^t 
this  oxide  may  be  obtained  by  the  decomposition  of  oxalate 
of  lead  by  heat.  Some  recent  experiments  of  Mr.  Boossin- 
gauh  tend  to  confirm  this  opinion. 

1739.  The  habitudes  of  lead  with  nitric,  sulphmnc,  and 
cMorohydric  acid,  are  so  analogous  to  those  of  mercury 
with  the  same  acids,  that  I  do  not  deem  it  necessary  to  m 
more  than  point  out  the  analogy;  at  the  same  time  men- 
tioning lAof ,  in  the  case  of  leadj  no  compounds  are  formed 
by  oxacids  with  any  oxide  besides  the  protoxide;  and  that  the 
resulting  compounds  have  an  insolubiliiy  more  marked  and 
tnvarume.  Of  all  the  important  acids,  only  nitric  and 
acetic  acid  form  soluble  compoimds  with  leeul.  Conse- 
quently, as  in  any  mixture,  those  ingredients  which  form 
insolubie  combinations,  always  exercise  a  superior  aflSuuty, 
it  follows  that,  from  its  solutions,  this  metal  will  be  preci- 
pitated by  any  of  the  important  salts,  excepting  the  nitrates 
or  acetates.  Thus  it  will  be  precipitated  by  sulphates, 
phosphates,  carbonates,  borates,  oxalates,  chromates,  ar- 
Semites,  arsenites,  tartrates,  citrates,  maOates,  meconates, 
b^mates ;  also  by  any  of  the  soluble  compounds  of  the 
halogoi  bodies,  or  any  of  the  ampbydric  or  halohydric 
acids.  (860.) 
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Of  ihe  Compounds  of  the  Proioxide  of  Load  with  At 
Add. 

1740.  Lead  is  oxidized  and  dissolved  bj'  acetic  t 
and  forms  th«  acetate,  called  in  commerce  sugar  of  i 
This  name  was  given  to  the  acetate  of  lend  In  conseque 
of  its  taste,  which  is  sweet  atid  astringent.  It  is  crysU 
zable,  soluble  in  WHter,  and  decomposable  by  heat. 

1741.  The  acetate  of  lead,  consisting  of  one  aton 
oxide,  and  one  atom  of  acetic  acid,  bj  digestion  with 
protoxide,  whether  in  the  form  of  litharge  or  of  maiaii 
may  take  cither  one  or  two  additional  atoms  of  oi 
forming  a  diacelale  consisting  of  two  atoms  of  oxide 
one  of^acid,  or  a  Iriacelale,  consisting  of  three  atorai 
oxide  and  otie  of  acid. 

1742.  Ity  boiling  a  solution  of  the  acetate  upon 
excess  of  the  protoxide,  a  hexacclate  may  be  obtained,  < 
gisting  of  six  atoms  of  oxide  and  one  oi  acid.  This  c 
pound  may  be  produced  also,  by  decomposing  the  ace 
by  an  excess  of  ammonia.  It  forms,  when  dried,  a  w 
powder,  slightly  soluble  in  boiling,  but  insoluble  in  < 
water. 

1743.  Goulard's  extract,  of  which  one  ^^^aidrad 
agreeably  to  the  U.  S.  PharmacoptBia,  is  to  be  add«d  i 
pint  of  distilled  water  to  make  lead-water,  is  usoatlj  < 
sidered  as  a  diacetate,  and  called  the  subaceUite;  but  li 
the  formula,  it  must  be  evident  that  it  may  contain  cooi 
oxide  to  make  it  partially,  if  not  wholly,  a  triacetate> 

1744.  It  appears  to  me  that  medical  practitionen 
not  ignorant  ot  the  ditferencc  which  exists  in  compoei 
between  these  acetates,  are  too  inattentive  to  the  poss 
diversity  of  their  eti'ects. 

1745.  When  an  acetate,  containing  more  than  the  | 
portion  of  one  atom  of  oxide  to  one  of  acid,  is  bros 
into  contact  with  carbonic  acid  gas,  a  precipitate  an 
of  carbonate  of  lead.  Hence  lead-water  may  be  used ) 
test  for  carbonic  acid,  producing  results  on  breathing 
it,  or  upon  adding  it  to  a  solution  of  any  carbonate,  an 
gous  to  those  produced  by  lime-water  under  like  circ 
stances. 

Of  Carbonate  of  Lead. 

1746.  When  exposed  to  the  fumes  of  vinegar,  wi 
consist  of  acetic  acid  and  carbonic  acid  gas,  lead  is 
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by  the  acetic  acid,  and  combines  with  the  carbonic 
fonning  ceruse,  or  the  white  lead  of  commerce. 
17.  According  to  Thenard,  the  best  process  for  ob- 
g  the  carbonate  of  lead,  is  to  pass  carbonic  acid 
^b  a  solution  of  the  diacetate.  Half  the  lead  is  preci- 
d  in  the  state  of  carbonate,  and  the  remainder  con- 
in  solution  as  an  acetate.  The  solution  of  acetate 
uced  to  a  diacetate  by  boiling  it  with  oxide  of  lead, 
ibjected  to  carbonic  acid  as  before.  In  this  way  car- 
e  of  lead  of  the  best  quality  is  procured,  with  com- 
vely  little  waste  of  the  acetic  acid.  Carbonate  of 
5  found  in  nature. 

Of  the  Compounds  of  Lead  with  the  Halogen  CUn. 

The  analogy  between  the  habitudes  of  lead  and  mercary  with  teidf ,  alluded 
,  is  not  greater  than  that  which  exists  between  their  habitades  with  the  halo- 
es. Analogous  reciprocal  decompositions  ensue,  whether  eolations  of  the 
iTfealts  of  lead  or  mercury  be  mingled  with  solutions  of  chlorides,  bromides, 
"  1,  or  cyanides  of  the  alkalinable  metals. 


rhe  chloride  of  lead  is  white,  crystallixable,  soluble  in  thirty  times  its  weight 
,  sad  has  a  sweet  and  astringent  taste.  When  exposed  to  a  red  heat  it  melts, 
IB  a  mass  formerly  called  plumbum  eorneumf  from  its  resemblaiioe  to  horn, 
sat  be  podied  to  redness,  and  the  access  of  air  be  permitted,  the  chlorine  is 
▼olatiiiied;  and  the  remainder  is  found  to  constitute  an  oxneUmide.  Seve- 
r  oxyehlorides  exist,  containing  the  oxide  of  lead,  united  to  the  chloride  in 
proportions.  One  of  these  is  found  native  in  England. 
The  irowUde,  iodide^  fiuoride^  and  cyanide  of  lead,  which  may,  as  aboYomen- 
w  generated  by  means  analogous  to  those  by  which  the  chloride  is  obtained, 
9  little  practical  importance  to  make  it  expedient  to  notice  them  particularly. 
The  fuoride  acts  as  a  fluobase,  the  cyanide  as  a  cyanobase.  The  former 
I  with  the  fluacids  of  boron  and  silicon,  the  latter  with  cyanoferrous  (fer- 
{)  acid.  (1299,  &c.) 

Of  the  Compounds  of  Lead  with  Sulphur  and  Selenium. 

Sulphur  forms  three  compounds  with  lead,  a  disulphide,  a  protosulphide, 
nniphide.  Of  these,  the  only  compound  which  I  deem  it  proper  to  notice, 
otoenlphide,  which  has  already  been  adverted  to  as  the  principal  ore  of  lead, 
ilena.  This  sulphide  may  be  formed  artificially  by  heating  lead  and  sulphur 
.  The  protosulphide  of  lead  is  tasteless,  inodorous,  indecomposable  by  beat, 
fusible  than  lead.  It  acts  as  a  sulphobase,  and  is  composed  of  one  atom  of 
iled  to  one  atom  of  sulphur. 

llie  selenide  of  lead  may  be  procured  by  exposing  lead,  mingled  with  sele- 
heat.     When  thus  obtained  it  is  gray,  but  by  friction  it  becomes  polished 
te  like  silver.    It  is  found  in  nature. 

Experimental  Illustrations* 

A.  Solution  of  lead  in  nitric  acid.  Its  solutions  pre- 
ted  by  sulphates,  chlorides,  phosphates,  and  chro- 
u  Also  by  sulphydric  acid.  Precipitation  of  carbonate 
id  from  the  subacetate  by  the  carbonic  acid  of  the 
u    Galena  decomposed  by  the  blowpipe  flame. 


320  INORGANIC  CHEMISTRY. 

SECTION   VII. 

OF  TIN. 

1755.  This  metal  is  found  in  the  state  of  oxide,  and  in  that  of  tulphide. 
The  sulphide  is  rare,  and  contains  much  copper.  The  ore  of  tin,  whicli  it 
the  principal  source  of  the  metal,  is  the  bioxide  which  is  reduced  by  heat 
and  charcoal.  Tin  is  sold  in  commerce  under  the  name  of  blods  lia,  to 
distinguish  it  from  tinned  iron  plates,  vulgarly  called  tin. 

1756.  Properties. — The  colour  and  lustre  of  tin  may  be  seen  in  uteo- 
flils  newly  made  of  tinned  iron.  It  is  very  malleable  and  ductile;  MA 
being  only  j^Vir^^  ^^  ^^  ^°^^  thick.  Tin  tarnishes  slightly  by  expoiaeli 
the  air.  It  is  distinguished  by  producing  a  peculiar  cracklins  noise,  ileft 
its  ingots  are  bent  to  and  fro.  It  melts  at  442°  F.  Its  specific  grafitf  ii 
7.9. 

1757.  The  equivalents  of  tin,  and  of  its  compounds  with  oxygee,  ctt^ 
rine,  and  sulphur,  are  as  follows : — 


Tin       . 

. 

. 

.                         .                         . 

59 

Protoxide 

atom  metal, 

1  oxygen. 

67 

Bioxide 

»> 

2       „ 

75 

Protochloride 

)9 

1  chlorine. 

95 

Bichloride 

»> 

2       „ 

181 

Protosulphide 

J> 

1  sulphur, 

75 

Bisulphide 

»> 

2       „ 

91 

Of  the  Compounds  of  Tin  with  Oxygen* 

1758.  The  protoxide  of  tin,  may  be  procured  by  adding  potash  to  the  pffoCoeUoridt- 
A  reciprocal  decompoflition  takes  place  between  the  oxide  of  potaaiam  and  iwoli 

clilorido  of  tin,  which  results  in  the  formation  of  the  chloride  of  potasdttni.  aiio  prot- 
oxide of  tin.  The  former  remains  in  solution,  and  tiie  latter  precipitates  io  (lie  state 
of  a  white  hydrate.  From  this  hydrate  the  water  may  be  expelled  by  heat;  and  & 
grayish  black  anhydrous  protoxide  is  thus  obtained,  whieii  is  liable,  by  contact  with 
an  ignited  body,  to  take  fire,  and  consequently  to  be  converted  into  the  bioxide.  The 
hydrate  is  likewise  combustible,  thouirh  in  a  less  deijrce. 

1751).  The  hydratcd  bioxide  of  tin  may  be  8{)eedily  obtiined  by  the  reaction  of  ti»- 
foil  or  tin  powder  with  concentrated  iiitri(!  acid,  which  is  deroinp4»9ed  with  gmt 
violence,  bioxidizin:;r  thn  meUil  without  dissMlvinir  it.  This  oxide  may  be  obtaiSfd 
in  the  same  hydratcd  state,  by  precipitation  tVom  tiie  bichloride  by  an  alkali.  Tbe 
hydrates  thus  obtained,  thouirli  in  coiMjxiNilioii  the  .same,  are  different  in  propcftie*- 
Both  arc  soluble  in  alkalies,  but  only  th(>  latter  is  sr)liiMe  in  acidM.  This  diwnotT 
continues  vvv.n  af\er  thev  arc  severally  (li>solved  by  alkaline  solutions,  and  soba^ 
quenlly  precipitated  by  acids.  These  livdrated  bioiides  of  tin  are,  therefoit.  con- 
ceived to  present  a  cjwe  of  isomerism,  (ll.'i'.i.) 

17<>().  We  may  convert  the  bioxide,  as  obtained  by  means  of  nitric  acid,  iato  lb* 
other  modihcation,  by  first  chan^in^  it  into  a  chloride,  and  then  precipitaUn{  it  bj 
potash.  Accordin<r  to  Thenard,  if  the  precipitated  bioxide  be  subjected  to  heat,  it 
becomes  insoluble  in  acids. 

17<»1.  .In  anhytlrinis  hioiide  of  tin  may  l)e  obtained  by  subjectinjj  tin  to  inttflst 
heat  in  contact  with  air.  It  is  white,  intusiMe,  and  indeco(iipo<i,i|iIe  |>v  heaL  Is 
reddens  mointened  litmus  pap<>r  when  placrd  on  it.  'I'his  oxide  xs  frequently  fboM 
crystallized  in  nature.  It  is  employed  in  the  arts  for  the  nianiitacture  uf  enaoett 
and,  under  the  name  of  putty,  in  yrindin::  irlass.  and  in  making  a  paste  tor  bo»i» 
The  bioxide  of  tin  act.s  both  as  an  oxacid  and  an  oxybosc,  combining,  under  fiiroait* 
ble  circumstances,  with  either  acids  or  alkalies. 

17<>'i.  Concentrated  sulphuric  arid,  when  cold,  has  no  action  on  tin,  but  with  tki 
assistance  of  heat  dissolves  it,  disengaging  sulphurous  acid  ga«,  and  forininf  a  fii* 
phate  of  tJie  protoxide  or  bioxide. 
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17GI.  tki  nMlkai  tboTs  tUiuM  to^  UIvmii  oomtntiaM  mtrio  aeid  «ad  tw, 
whan  dM  tin  is  in  astiU  pf  m^mpto  jdivifioii,  it  ldUofr#«l  by  a  me  of  tempentnrey « 
4eeoiiipoatW9  of  te  aeid,  the  evolaticn^  of  nitrogen  netrly  pure,  end  the  fornif«- 
lion  or  the  1»«>zide  of  tin.  If  the  nitric  acid  he  dihited  lo  ae  to  have  a  epeelfie 
fraviCj  of  1.114,  and  tfie  temperainre  Ibe  pfevented  6om  runng  by  cold  water,  or 
other  D^ftigwatinf  fpplicatione,  no  gee  it  dieengaged^  since,  water  beiiig  ^com* 
poeed  ifaniiltaneoaidj  with  a  portion  of  tlie  acid|  the  mtrogen  and  hydrogen  wbioh 
fra  thai  liberaied.  naite  to  u»na  imiy^BJi.  This  oombinef  with  part  cnthe  n^ric 
•eid ;  so  thai  at  toe  dose  of  the  operation  we  obtain  nitrate  of  *»»«npfff|  aij'ijyl^ 
with  tlie  nibale  of  the  protoxide  of  tin. 

1964.  A  cry ifelf !■•  Aydrsto  rf  iks  Pratoddonds  if  tm.  may  he  obtained  by  waject' 
ip|  tlie  meCai,  in  a  dinded  state,  to  the  action  of  chlotoiiydno  aeid,  and  thni  crystal. 
iHig  IIm  tesnlting  solution  by  oTaporation.  The  ]»oCoehloride  may  be  proonred  in 
m  aahydroos  ilale,  either  by  subjecting  this  hydirate  to  a  tempexatare  snflkieatly 
Idgli  to  drive  off  the  water,  or  byozposing  a  nuztnre  ot  the  bichloride  of  mercury 
tin  to  a  red-heat.    When  expoeed,  either  in  the  solid  stale  or  in  that  of 


sslatioQ,  to  the  action  of  the  air,  or  of  liquids  containing  oxygen ,« the  protochloride 
attracts  thai  gas,  and  is  couYerted  into  an  oxychloride.  (1666.)    It  is  probable  that  in 


this  case  a  pwtion  of  the  protochloride  is  decomposed,  the  chioritte  forming  a  bidilo- 
ride  with  lie  remainder  and  the  liberated  metal  unitiiig  with  the  oxygen. 

1765.  TktjrroioekUnde  of  tin  acts  as  an  acid.    It  is  composed  of  one  atom  of  tin, 
•adeae  of  chlorine. 


1700.  2%s  kieklandMoftin  vomj  be  obtained  in  the  anhydrous  state,  bv  gfniJij  beat- 
ituf  a  mislare  of  metallic  tin  with  the  bichloride  of  mercury.  The  DieUonde  is  a 
ecleaiiusB  liquid,  very  acrid  to  the  taste.    It  is  Tolatile,  and  when  expoeed  to  the 


and  sufibcating  fumes.  It  is  still  occasionally  called  by  its  ancient 
of  ^ttmfmmm^  liquor  of  Libamut.  By  the  addition  of  one-third  of  its  weight  of 
water,  liiia  biehlonde  forms  a  solid  crystallixable  hydrate,  which,  neTertheleaSy  dis- 
soItos  OB  Ike  addition  of  a  sufficient  quantity  of  water. 

1767.  I  have  been  enabled  to  form  the  bichloride  of  tin  by  the  direct  feaetkm  of 
the  metal  with  a  current  of  chlorine,  supplied  by  a  self-regulating  roeervoir.  (796.) 
An  ingoly  ef  as  much  as  three  or  four  ounces  in  weight,  was  introduced  into  a  tnbe  of 
aboQt  aa  iaeh  in  bore,  previously  drawn  into  a  capillary  perforation  at  one  end. 
(1379;  Ac)  The  smaller  portion  of  the  tube  was  curved  upwards,  nearly  so  as  to  form 
a  right  aitfle,  and  being  inclined  towards  the  bend,  an^  liquid  generated  within 
the  labs,  had  inevitably  to  flow  into  and  occupy  the  cavity  at  the  curvature.  By 
these  means  the  operator  was  famiahed  with  an  index  bv  which  to  regulate  the 
supply  of  chlorine.  The  apparatus  being  thus  constructed  and  arranged,  the  tube 
had,  at  the  oonuDencement  of  the  proceas,  to  be  filled  with  chlorine,  and  the  supply  of 
this  gas  afterwards  so  regulated  as  to  prevent  any  more  from  reaching  the  included 
metal,  than  it  was  competent  to  absorb.  Under  these  circumstances,  the  reaction 
proceeded  with  so  much  energy  as  actually  to  cause  the  fusion  of  the  ingot,  while  an 
ounce  aMasaie  of  the  bichloride  was  soon  generated. 

1768.  iodia^  Itromine,  and  fiuorine  severally  combine  with  tin  in  two  proportions 
The  mit^Uiaridi  rf  tin  acts  as  a  base. 

]7c9.  71kg  cytmides  of  tin  have  never  been  isolated.  Benelius,  however,  states, 
that  Ihej  exist  in  combination  with  those  of  iron,  in  which  case  they  probably  play 
At  part  ef  cyanobases. 

Cftke  Compounds  of  Tin  with  Sulphur  and  SeUnium. 

1770.   The  prototulphide  of  tin  is  obtained  by  heatiujgr,  in  a  crucible,  three  parts  of 

laaly  divided  tin,  and  two  of  flowers  of  sulphur.    This  sulphide  is  solid,  crystallize- 

USfflMlecompoeable  by  heat,  less  fusible  than  tin,  and  acts  as  a  sulphobase.     It  is 

eeaaaeed  of  an  atom  of  tin,  united  to  an  atom  of  sulphur. 

llfL,  The  Hfulpkide  of  tin  1  have  obtained  by  exposing  to  heat  in  a  coated  glass 

MB,  a  mixture  of  two  parts  of  tin,  one  and  a  half  of  sulphur,  one  of  mercury, 

OM  of  sal-ammoniac*   This  compound,  generally  known  as  aurum  musivumf  or 


of  ■ore  intimate  mixture 


sujfgefts  that  the  mercury  probably  acts  by  bringing^  the  tin  into  a 
intimate  mixture  with  the  sulphur ;  and  the  saLammomac,  by  carrying 
aC  ii  ceanouence  of  its  volatility ,  the  beat  which  is  evolved  during  the  union  of  the 
gSLfcnr  Vila  the  tin,  and  which  would  otherwuM  be  sufficient  to  decompoee  the 
"'  '"  ■  ■ ' »,  were  it  alrepdy  formed. 
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mosaic  gMy  is  of  a  beautiful  golden  yellow.  When  ex|>ofled  to  a  nd  heat,  it  ii  de- 
composed. It  acts  feebly  as  a  sulphobase,  and  powerfully  as  a  snlphacid.  TUi 
sulphide,  when  spread  on  the  surface  of  the  cushions  of  electrical  machines,  hatbtai 
found  to  increase  their  exciting  power. 

1772.  According  to  Berzelius  there  is  a  third  sulphide,  which  contains  « (jautity 
of  sulphur,  intermediate  between  those  which  exist  in  the  protosulpkide  and  tkt 
tonlphide. 

1773.  A  gray  seUnide  of  tin  may  be  procured  by  gently  heating  finely  difided  ibi 
with  felenium. 

Experimental  Illustrations* 

1774.  Exhibition  of  tin  and  of  tin  foil ;  also  of  the  fimh 
ing  liquor  of  Libavius,  and  the  process  for  the  generatioB 
of  this  chloride  in  which  an  ingot  of  tin  is  made  to  met 
with  chlorine.  Reaction  of  nitric  acid  or  nitrate  of  cop- 
per with  tin  powder.  Solution  of  tin  by  chlorohydric  acidi 
and  effects  of  the  chloride  thus  obtained  on  some  otber 
metallic  solutions.  Decoloration  of  ink  and  Prussian  bhie. 
Ammonia  evolved  by  a  solution  of  tin  in  dilute  nitric  acii 


SECTION  VIII. 

OF  BISMUTH. 

1775.  This  metal  is  found  in  nature  in  the  metallic  state;  asoally, fcow- 
evcr,  containing  a  little  cobalt  and  arsenic,  and  sometimes  sulphur,  li  » 
also  found  in  the  state  of  sulphide. 

1776.  The  only  ore  of  bismuth  which  is  oxplored,  is  that  in  which  it 
exists  in  the  metallic  state.  From  this  it  is  evolved  by  exposure  to  a  mood 
fire,  under  which  a  hole  is  made  to  rccrivti  tin'  melted  metal. 

1777.  Accordinj;  to  Berzelius,  the  bismuth  ot'  commerv^e  contains  in* 
and  arsenic,  and  [KThaps  other  mf^tals.  in  order  to  purity  it,  it  should  he 
dissolved  in  nitric  acid;  the  re.sulfinix  rloar  s«)lution  shouM  Ix^  minjiled w^-tb 
water,  by  which  a  pure  hvdrated  subiiitrate  ol'  bismuth  is  prccipilUw. 
The  precipitate  being  dried,  is  reduced  by  the  aid  of  black  flux*  iftd  * 
gentle  heat. 

177^.  Properties, — Bismuth  is  brittle,  easily  reduced  to  [>ow»lor,  ami  c/ 
a  silvery  white?  colour,  very  slightly  tinge<l  with  red.     it  is  prc-emlDCOl  for 

*  Tho  wont  flux  is  omploycd  to  siL'nify  a  sulistanco,  whicli.  l»oinir  added  to  i  Bil* 
ture  whicli  ih  tu8ii)!e.  or  \\hirli  coriluins  a  t'nsildr  Ixxly,  pr«»in«»trs  ilxe  fusion  of  tfci 
whole  or  a  part  of  th«»  ajrjrroirato.  Crudr  tliix  is  a  lui.xlurr  of  nitre  and  cre«a« 
tartar,  or  crude  Lirtrate  ot'  potiish.     White  tlux  is  the  product  otitdincd  by  <kii' 

§  rating  tlie  same  mixture  in  a  crucible,  by  a  red-lieat ;  whereas,  when  there  » » 
ouble  proportion  of  tin;  l)itartralo,  an  excess  <»t*  cMrbun.  causin:;  the  residue  lo  ii 
black,  it  receives  the  corresponding  dosiirnation.  Black  tlux  !•<  re»orte<l  t«»,  wfaeri^ 
is  an  object  to  deoxidize,  as  well  as  indu<e  tu*ji<»M.  'I'ho  ru>i(in  of  tin*  uiatrruli 
enables  tliem  more  readily  to  nif)vc  among  each  otlnT.  in  obedience  t«>  tlieir  respK* 
tive  affinities,  and  renderH  it  easier  for  metallic  jrlubules.  an  the/  are  formeif,  * 
descend  to  tho  bottom  of  the  vessel,  so  as  to  unite  in  one  maas. 
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afity  and  fGgiila  ity  with  which  it  crystalliseg.  Its  fracture  is  always 
llise.  Thenara  alleges  that,  when  quite  pure,  its  crystals  are  cubes, 
aie  so  aasoeialed  as  to  ibrm  a  four^ded||favertBd  pYramidy  in  which 
ses  resemble  stairs*  Its  qiecific  gravity  is  0*82*  It  is  unially  oon- 
I  as  unmalleable;  yet  Tianier  all^pes  that  it  may  be  hammered  into 
i^ile  warm.  Ezceptiog  mercury  and  tbt  it  is  the  most  fusible  of 
stale  pn^wr.  Its  fusing  point  is  476^.  It  is  oiidiaed  when  kept  in 
m  the  air;  but  not  otherwise^  unless  the  air  be  mmst,  in  which  case 
umished.  Bismuth  combines  with  phosphorus,  and  probably  in  a 
proportion  with  hydrogen.  Its  equivalent  is  71. 
9.  Ksmutb  has  of  late  proved  to  be  a  most  valuable  material  for 
wtmction  of  thermo-electric  batteries.  See  m^  TVeolise  en  Eleeiro^ 
(MM,  page  63. 

9.  The  reaction  of  sulphuric  or  nitric  add  with  bismnth,  is  very  simi- 
hat  of  the  same  acids  with  tin.  .  Nitric  acid,  perhaps,  reacts  more 
ly  with  the  former  metal  than  with  the  latter;  smoe  tne  addition  of  a 
piaotity  of  concentrated  nitHc  add  to  powdered  bismuth,  causes  the 
DO  of  so  much  heat  as  to  raise  the  temperature  of  the  mass  to  red- 
The  hydrated  subnitrate  of  bismuth,  obtained  as  abovementiooed  by 
ing  the  nitrate  to  water,  is  of  a  fine  white  colour,  and  has  been  calkd 
spy  ef  hiemutk.  If  chlorohydric  add  be  present  in  the  solution,  the 
ate  assumes  the  form  of  minute  scales,  of  a  pearly  lustre,  called 
i&tle.  These  prcdpitates  have  been  used  as  pigments  to  improve 
iplexicm,  but  are  liable  to  be  rendered  black  by  smphydric  add. 

Of  the  Compounds  of  Bismuth  with  Oxggmu 

L.  Then  are  two  oxides  of  bismuth;  one  is  a  protoadde,  consistung 
atom  of  metal,  and  one  of  oxygen;  the  other  a  sesquioxide,  com- 
ooosequently,  of  two  atoms  of  metal,  and  three  of  oxygen. 
L  The  protoxide  may  be  obtained  by  heatinff  bismuth  with  access 
ispheric  oxygen,  or  by  the  calcination  of  the  nitrate.  When  the  sub- 
(magistery)  of  bismuth  is  subjected  successively  to  a  caustic  alka- 
ution,  and  to  cold  water,  it  forms  a  white  hydrated  protoxide  of 
u  This  oxide,  when  anhydrous,  is  yellowish,  fusible  at  a  red-heat, 
of  affinity  for  atmospheric  oxygen,  and  easily  redudble  when  heated 
Lrbon  or  hydrogen.     It  acts  as  a  base. 

I.  The  eeequioxide  of  bismuth  is  obtained  by  boiling  the  protoxide 
solution  of  the  chloride  of  potash  or  soda.*  It  is  of  a  deep  brown 
and,  at  a  temperature  a  little  below  the  boiling  point  of  mercury,  is 
The  sesquioxide  of  bismuth  acts  neither  as  a  base  nor  as  an 


Of  tkt  Compounds  of  Bismuth  with  the  Halogen  Clagg, 

Either  directly  or  indirectly,  compounds  of  bismuth  may  be  prodaced  with 
wlogen  bodies. 

In  chlorine,  this  metal  takes  fire  spontaneously,  formings  a  protochloride. 
horn  the  butyraceous  consistency  assumed  in  melting,  receiyed  from  the  old 
I  the  appellation  of  the  butter  of  bismuth.  This  compound  nuy  also  be  ob- 
m  the  anhydrous  state,  by  boating  three  parts  of  the  bichloride  of  mercury 
IS  of  bismuth.  When  anhydrous,  the  protochloride  is  white,  yolatilo,  and 
■BMt:  when  subjected  Ut  w'a%r,  a  white  insoluble  oxychloride  is  formed. 
A  eiystaUine  hydrate  of  the  protocliloride  of  bismuth  may  be  formed  by  dis- 
Ith  in  afaa  rcgia,  and  evaporating  the  solution. 


*  Tbenard,  Traits  de  Chimie,  6eme  ed.  ii.  461. 
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1797.  BmnldeB  of  liiimnlh  may  ba  abtnioed  hy  beoling  bimmth  wilb  bti 

Iodide*  any  bn  proiiuood  in  like  mannor. 

irae.  Flunnng  and  cytnogcn  botli  cumbinti  wilh  btunuth.    The  Cfuudv ,  Inn 
is  known  uiUy  in  <t  nUlc  of  cniubio.L»i.. 

Of  tht  Compmmds  t^  Bismmlh  wilh  Sulphwr  axi  Sdrmima. 
1789.  Bi«ii[ith  roimi  u  bisulphide  whrii  Uanwd  wilh  ■alpbor.     At  tb*  or 
when  Uie  eombiniUnn  Inkca  plopo,  b  griisl  dunl  of  ho»l  U  oTolied      It  ip  wrrt 
bli,  IcM  fbufal*  ihan  biunulh,  and  powDMrn  Uie  iDEUtllic  liutrn  and  ■  KnjnA] 

17UU    WhoD  ■elDnium  ii  hoated  wilh  biBuiuUi,  ■  crjatolUns  aBlcnido  is  funi 
a  (ilrorj  whiU)  colour, 

Exj)erunenlal  Uluslraiions. 
1791.   Bismuth  and  its  oxide,  exhibited.     Its  hue 
habitiidnst  wilh  tlie  blowpipe,  compared  wilh  thOM  ( 
antimony,  and  arsenic. 


SECTION  IX. 

OF  IRON. 

1792.  This  metal  U  fouod  abundantly  in  nalurc,  principoOy  il 
Willi  Hulphur  or  oxygen. 

17Ui).  Large  masBee  of  iron  have  been  obscrrcd  to  fnll  tottel| 
difiercDl  timra,  aad  in  various  coiinirii.'B.  Besides  tbctn  mcMlIie  ■ 
grooi  number  of  stony  bodies,  called  moteorolitM,  or  aCroliUi>  iMm 
m  lik«  manner.  In  tbo  latter,  iron  always  exists  both  in  the  alBb  m 
oxide,  and  in  that  of  metallic  globules.  Tho  iron  in  tltetie  glotxdH,! 
the  masaca  abovomeniiuiiL'd.  ulways  eonmins  nickel  or  i-obol^  or 
Native  metallic  iron  has  also  been  found  in  small  ijuanlities,  hot  do 
contain  nickel  or  cobalt.  Iron  is  one  of  the  most  genemJlt  &Nii 
Butislanccs  in  the  creation,  and,  in  the  stale  of  oxide,  profaaVy  ttn 
universal  colouring  matter. 

1701.  Four  specie?  of  fcrmginous  mtnemls  nrf  verj-  nbiin<lnnl  la  ■ 
wiagnetu:  oxidet  and  aulpkide*,  and  tulphidee  and  oxidea  which  « 
ntagnetie. 

1795.  Since  ferruginous  minemls,  if  not  magnetic  in  the  fim  in 
becomes  so  by  exposure  to  the  flame  of  the  blowpipe,  the  magnet  it  ■ 
useful  test  for  iron.  The  ores  of  iron  consist  principally  of  tjw  seaqii 
or  of  a  compound  of  this  oxide  with  ihn  protoxide,  called  the  black  a 
netic  oxide.  The  means  of  extricating  iron  froin  its  ores,  will  be  nm 
in  treating  of  the  compounds  of  iron  wilh  carton,  which  will  on  A 
count  be  treated  of  first. 

1796.  Propertiei. — The  mechanical  properties  of  iron  are  toi 
known  to  need  description.  It  is  (he  mo^t  tenacious  substance  in  i 
especially  as  steel,  and  the  hardest  amoni;  the  malleabk'  ntetala.  In 
lity  it  has  a  still  higher  pre-cmineDcc.  Few  meials  are  morecaailyoi 
by  the  joint  agency  of  air  and  moisture.  In  the  pulverulent  Ibrm,  hi ' 
it  is  reduced  from  the  aesquioxide  by  meons  of  hydrogen,  irm  is  lial 
become  ignited  by  the  access  of  atoMspbcric  oxygen,  even  after  it  liai 
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pletely  refiigeiHted.  This  result  is  more  likely  to  eDsue,  if  o  little  alu- 
i  has  been  previously  mixed  with  the  oxide;  since  this  prevents  the 
n  of  the  particles,  and  thus  keeps  them  in  that  state  of  minute  division 
:h  is  favourable  to  the  success  of  the  experiment.  Iron  is  nearly  as 
;ult  to  fuse,  as  platinum.  Its  specific  gravity  is  7.788. 
797.  The  equivalents  of  iron,  and  of  its  compounds  with  oxygen,  chlo- 
,  and  sulphur,  are  as  follows  : — 

oxide,  1  atom  metal,  1  atom  oxygen  36 
[uioxide,  \ 

or          >  2  atoms     „      8  atoms    „                         80 
oxide,     5 

;n^c       ^  A 

>r            >  3  atoms    „      4  atoms     „      f '              « .  ^ 

5k  oxide,  >  .         \ 

1  atom  protoxide  and  1  atom  scsquioxide  7 

tochloride,  1  atom  metal,  1  atom  chlorine                   64 

]uichloride,  2  atoms    „      3  atoms     „                        164 

xMolphide,  1  atom     „       1  atom  sulphur                    44 

[uisulphide,  2  atoms    „       3  atoms     ,,                         104 

Iphide,  1  atom     „      2  atoms     „                          60 

Of  lAc  Comftnoids  ef  Iron  wUk  Carbon,  Boron,  SiUeon,  and  Phosfkoms, 

96.  Wheo  fermginoas  salts,  containincr  carbon  as  a  constituent,  are  exposed  to 

without  access  of  air,  the  iron  and  carbon  are  left  in  a  state  of  combination  in 

3as  proportions.    Some  of  these  carburets,  that  from  the  oxalate,  or  fVom  the  tanno 

ite  or  rmiBian  blue,  for  instance,  are  liable  to  take  fire  when  exposed  to  the  air. 

^99.  The  process  of  evolving  iron  from  its  ores,  comes  under  the  fourth  case  of 

ity,  in  which  one  body  in  excess,  combines  with  two  others  previously  united. 

carbon  with  which  the  ore  is  ignited,  combines  both  with  the  oxygen  and  metal, 

verting  the  one  into  a  fusible  carburet,  called  cast  iron,  the  other  into  carbonic 

The  proportion  of  carbon  in  cast  iron  varies  from  1  part  in  25,  to  1  in  15.    In 

neree,  there  are  four  varieties  of  cast  iron ;  the  white,  the  black,  the  gray,  and 

moitUd,     In  the  white,  there  is  the  least  carbon,  in  the  black,  the  most;  and 

&bly,  in  the  other  kinds,  less  than  in  the  black,  and  more  than  in  the  white  kind. 

00.  It  should,  however,  be  understood,  that  cast  iron  is  probably  never  a  pure 
oret.  Usually,  it  contains  silicon  and  manganese,  and  treouently  magnesium 
phosphorus.  This  last  mentioned  clement  renders  the  iron  less  malleable  at  a 
I  temperature.     From  cast  iron,  the  malleable  metal  is  extricated  by  exposure  to 

and  air;  by  which  carbon,  and  silicon  when  present,  are  oxidized;  the  one 
g  aeparated  as  a  silicate  of  iron  with  the  scoria,  the  other  escaping  as  carbonic 

01.  In  some  cases,  malleable  iron  is  obtained  directly  from  the  ore,  by  means  of 
and  charcoal. 

102.  Pure  malleable  iron  is  converted  into  steel,  by  being  heated  in  contact  with 
coal  in  ovens  without  access  of  air.  The  process  is  called  cementation.  By  these 
Ds,  ifx>n  acquires  from  l-50th  to  l-120tli  of  its  weight  of  carbon.  The  bars  are 
ered  by  the  operation  as  they  are  seen  in  commerce.  Broken  up  and  welded, 
r  form  shear  steel.     Fused,  they  constitute  cast  steel. 

903.  It  would  appear  that  silicon  is  a  frequent,  if  not  a  necessary  ingredient  in 
iL  Accordincr  to  Bcrzelius,  the  presence  of  manganese  and  phosphorus  is  essen- 
tatbe  formation  of  good  steel.  Damask  steel  is  a  peculiar  species,  which  pes. 
ssstike  property  of  exhibiting  waving  lines  on  its  surface,  when  acted  on  by  an 
d.  It  is  alleged  by  Thenard,  that  some  experiments  which  have  recently  been 
iia,tBod  to  prove  that  this  is  owing  to  the  presence  of  two  carburets  of  iron ;  one 
iwebis  blackened  by  the  acid,  while  the  other  resists  its  action.  I  think  it  more 
ilibile,that  the  appearance  in  question  is  owing  to  a  mixture  of  iron  and  steel. 
kH,  mmever,  been  ascertained  that  a  peculiar  variety  of  this  steel  called  toootx, 
■ch  emnet  from  India,  contains  aluminium,  and  may  be  imitated  by  the  introduc- 
M,  into  itoely  of  a  minute  portion  of  that  metal. 


326  INORGANIC  CHBMISTRT. 

1804.  A  ailienret,  and  probably  a  boniret  of  iron,  may  be  obtained  by  heatinf  ifW 
with  a  mixture  of  charcoal  and  silicic  or  boric  acid. 

1805.  A  phoaphuret  of  iron  is  produced,  when  phoaphaie  of  iron  is  heated  vilfc 
faunpbUck.    It  resembles  iron  in  colour,  but  is  brittle,  and  fusible  by  the  blowp^ 

Of  the  Compounds  of  Iron  with  Oxygen. 

1806.  Iron  forms  two  oxides,  a  protoxide  and  a  seaquioi* 
ide:  the  former,  consisting  of  an  atom  of  each  constituent; 
the  latter,  of  two  atoms  of  metal,  and  three  atoms  of  0x7* 
gen.    Both  these  oxides  act  as  bases. 

1807.  The  protoxide  is  formed  during  the  solutioB  of 
the  metal  in  diluted  sulphuric  acid.  The  reaction  wlkh 
ensues  under  these  circumstances,  is  always  attended  by 
the  evolution  of  hydrogen,  arising  from  the  decompositioD 
of  the  water  in  combination  with  the  acid,  the  oxidation  of 
the  metal,  and  the  formation  of  a  sulphate  of  the  protoxide. 

1808.  I  infer  that  the  atom  of  water,  which,  by  a  muoi 
with  the  anhydrous  acid,  constitutes  the  aqueous  sulphmk 
acid  of  Berzelius,  or  in  other  words  the  acid  of  the  shopB 
of  sp.  gr.  1.850,  acts  as  an  oxybase.  So  that  the  nmH 
may  be  ascribed  to  the  exchange  of  one  radical  for  uo- 
ther;  an  atom  of  iron  taking  the  place  of  an  atom  of  fcy- 
drogen.  Agreeably  to  this  view  ot  the  subject,  the  aqoeoos 
acid  should  be  regarded  as  a  sulphate  of  hydrogen. 

1809.  The  protoxide  of  iron,  forms  with  sulphuric  acid, 
a  green  solution,  which,  by  evaporation,  yields  crystals  ot 
the  same  colour,  known  in  pharmacy  as  green  vitriol,  or 
green  sulphate  of  iron.  From  a  solution  of  this  salt,  tlie 
protoxide  may  be  precipitated  by  an  alkaline  solution  in 
the  state  of  a  white  hydrate.  From  this  hydrate  the  water 
cannot  be  expelled  cither  by  heat  or  desiccation,  without 
causing  the  protoxide  to  acquire  oxygen,  cither  from  the 
water  in  union  with  it,  or  from  the  air. 

1810.  In  consequence  of  this  avidity  for  oxygen,  solo- 
tions  of  this  oxide  become  tjraduallv  more  or  less  solutions 
of  the  sesquioxide;  exchanging  their  grass  green  colour 
for  that  of  red  wine. 

1811.  The  protoxide  appears  to  exist  in  chalybeate 
springs,  and,  in  its  nascent  state,  to  be  soluble  in  water; 
although  I  do  not  fmd  that  other  chemists  are  aware  of 
the  fact.  Its  existence  in  them  is  ascril)od  usually  to  the 
presence  of  carbonic  acid;  but  I  have  observed  it  in  the 
water  of  the  Yellow  Springs,  which  gave  no  precipitate 
with  lime-water. 
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1812.  We  have  only  to  make  a  pile  of  sihrer  coin,  alter- 
ted  with  disks  of  sheet  iron,  in  a  glass  tumbler,  supplied  ^  .  . 
th  water,  in  order  to  impart  to  the  latter  the  property  I  !  I 

chalybeate  spring  water.    In  the  tumbler,  as  m  those  \  f  ^ 
rings,  the  red  oxide  will  soon  be  seen  precipitating,  and 
ging,  with  its  appropriate  hue,  both  tne  liquid  and  the 
ssel. 

1813.  As  li^t  promotes  the  further  oxidation  and  con- 
[uent  precipitation  of  the  iron,  the  solution  of  the  prot- 
ide,  fay  the  means  which  I  have  described,  will  be  more 
rmanent  in  an  opake  vessel. 

1814.  There  does  not  appear  to  be  any  mode  in  which 
3  protoxide  of  iron  can  be  isolated. 

1815.  The  sesquioxide,  or  peroxide  of  iron,  also  called 
3  red  oxide  from  its  colour,  which  is  of  a  dingy  Mood-red, 
ists  in  nature  in  great  abundance,  forming,  sometimes, 

beds  or  masses,  at  other  'times,  botiyoidal,  or  mam- 
ry  concretions. 
[816.  Ochres  consist  of  alumina,  mixed  with  the  sesqui- 
de  <^  ifOD,  either  uncombined  with  water,  or  in  the  state 
hydrate. 

,1817.  The  sesquioxide,  as  we  have  afaready  stated,  is 
ontaneoQsly  produced  by  the  absorption  of  oxygen  by 
^  protoxide,  when  exposed  to  the  air.  In  fact,  by  the 
jition  of  nitric  acid  to  any  ferruginous  solution,  the  iron 
:ome8  more  or  less  sesquioxidized.  On  the  other  hand,  it 
y  be  partially  deoxidized,  and  restored  to  the  state  of 
>toxide,  by  digestion  with  iron  filings,  or  by  the  addition 
protochloride  of  tin.  Hence,  the  black  cofour  of  the 
mo  gallate  of  iron,  which,  when  suspended  in  water, 
istitutes  common  writing  ink,  is  removed  by  the  addi- 
a  of  this  protochloride.  It  appears  probable,  that  the 
passes  to  the  state  of  oxychloride  in  the  following  way. 
e  portion  of  this  metal  takes  chlorine  from  another  por- 
B  to  form  a  bichloride,  while  the  other  portion  abstracts 
fgen  from  the  iron,  forming  of  course  an  oxide.  The 
uting  oxide  combining  with  the  bichloride,  an  oxychlo- 
e  18  produced.  In  the  state  of  protoxide,  to  which  the 
Q  18  brought  by  the  partial  deprivation  of  oxygen,  it 
a  colourless  compound  with  the  tanno  gallic  acid."*^ 


ftolodblorido  of  tin  is  the  most  efficient  remedy  for  removing  ink  stains 
i£  II  is  made  by  the  reaction  of  chlorohydric  acid  with  an  excess  c 
te  or  in  tanfoili  or  otherwise  ii^Cciently  commiaoted*    It  is  better  t 
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1818.  When  a  solution  of  the  protoxide  of  iron  ia  addod 
to  a  sotutioD  of  the  ditorido  of  gold,  liiiH  metal  probthljr 
Tclinqiiishes  its  clilorine  to  one  portion  of  the  iron  in  (lie 
protoxide.  The  oxygen,  cotmcqueiitly  dis|>lHc(wl,  scmjoi- 
oxidizes  another  portion  of  the  iron;  so  that  melnlUc  ^old 
precipitates,  and  the  chloride  and  oxide  of  iron,  combinuig 
m  the  state  of  an  oxychloride.  remain  io  solution. 

1819.  By  intense  heat  the  acid  may  be  exiwllcd  dlber 
from  H  nitrate  or  sulphate  of  iron,  and  the  sesqakinde 
consequently  obtained.  It  has  been  stated,  in  treating  of 
Bulphuric  acid,  that  it  was  originally  distilled  from  copjieras 
or  green  vitriol,  the  sulphate  of  the  protoxide  of  iron.  Tlie 
oxide  wliich  remains  after  the  expulsion  of  the  acid,  bu 
long  been  known  under  the  name  of  rotcolhar  of  vitriol.  The 
metal  necessarily  becomes  pcrosidized  during  this 
by  the  partial  decomposition  of  the  acid.  (~*i'l-)  To 
render  it  free  from  all  remains  of  acid,  it  should  be 
with  water. 

1820.  The  protoxide  and  sesquioxide  of  iron  combiM 
in  various  proportions.  The  scales,  called  finery  emier, 
which  fly  off  during  the  forging  of  incandesrent  iron,  cod- 
Bist  of  protoxide  and  sesquioxide.  The  oxide  formed  by 
subjecting  iron  at  a  red-heat  to  steam,  is  the  hiack  oiidt, 
composed  of  one  atom  of  protoxide  and  one  of  ^eequioxidft 

1821.  The  native  magnetic  oxide  of  the  ininerakfUtSf 
is,  according  to  Tbenard,  the  »anic  as  that  ubtaiord  wbea 
iron  is  oxidized  by  steam. 

1822.  The  same  author  alleges  that  neither  tbehydrnle 
of  the  protoxide  nor  sesquioxide  are  magnetic  ;  this  qualiiy 
being  exhibited  only  when  tlit;  two  oxides  are  atisociatod 
in  the  proportion  of  one  atom  of  protoxide  to  ooe  of  l<^ 
quioxiue. 

Of  the.  Reaction  of  Iron  with  Adds, 

1823.  The  reaction  of  iron  witli  sulphuric  acid  wbeo  hM 
and  concentrated,  is  quite  analngous  to  that  already^ 
scribed  as  taking  place  between  that  acid,  and  tnereoT, 
copper,  lead,  &c.     The  reaction  of  iron  with  thi5  itrf 

with  in  BquRl  portion  nt  icntic  arid,  and  the  addition  of  iU  Tdluma  of  mtM.  Vi 
■pot  to  bo  o[i*rBled  uimii  Hbciiild  be  finl  imiiileaed  wilh  walri,  to  pnrcDt  ttod^ 
nde  from  (prnding  uiineonuuily,  Albir  llie  olain  diiapiieari,  tlw  iDuuimafM 
■olattati  (hould  ba  well  wanliiii),  a>  otliorwlis  corroaiua  migbl  eonti. 
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rben  dihite;  bas  been  mentioned  and  explained  aboye« 
1807.V 

1824.  In  its  habitudes' with  nitric  acid,  iron  resembles 
in  and  bismutb.  If  the  acjd  employed  be  concentrated, 
ind  the  iron  minutely  dirid^  the  reaction  is  liable  to  be- 
ome  ezplosiye, 

1825.  With  gallic  and  tannic  acids,  as  existing  ill  the 
afbsion  of  galls,  the  sesquioxide  of  iron  produces  a  purple 
r  Uack  colour,  in  other  words,  ink.*  With  succinic  acid 
be 'sesquioxide  yields  a  brown  precipitate;  with  benzoic 
icid,  an  olire  coloured  precipitate ;  and  with  meconic  and 
mlphocyanhydric  acid,  a  blood-red  colour. 

Cf  dm  Cmnpcunds  of  Iron  with  the  Halogen  Clats* 

189S.  Chlorine  forms  with  iron  a  protochloride  and 
leMiiiGhferide,  which  correspond  in  composition  with  the 
ixioM. 

1827.  The  anhydrous  protochloride  may  be  obtained  by 
iteiDg  cUorohydric  acid  gas  over  iron  filiiDgs  heated  to 
ednesB  in  a  glass  tube. 

1828.  J%e  hydrous  protochloride  may  be  procured  by  the 
ictioD  of  liquid  chlorohydric  acid  on  iron  filings.  The 
votocbferide,  in  its  anhydrous  state,  is  of  a  pale  green 
okmr,  astringent,  crystallizable,  very  soluble  in  water,  and 
olatifizable  fy  heat.  When  exposed  to  the  action  of  the 
ir,  it  absorbs  oxygen,  and  forms  an  oxy chloride,  consist- 
ig  of  the  sesquioxide,  and  sesquichloride. 

1829.  The  hydrous  sesquichloride  of  iron  is  produced. 


nMlenals  for  common  writingr  ink  are  an  infusion  of  galli,  sometimef  with  / 
0  addition  of  a  nnall  proportion  of  an  infusion  of  logwood,  and  green  sulphate  of , 
MB,  winch,  in  its  ordinary  state,  contains  more  or  less  of  the  sesquioxide  of  that  ' 
ataL  The  black  hue  of  the  liquid  resulting  from  these  infusions,  increases  in  in- 
asi^  bj  exposure  to  the  atmospheric  oxygen,  and  consequent  increase  of  the  pro- 
Mtioa  <M  sesquioxide.  Dr.  Ure  conceives  that  ink  made  of  iron,  in  an  inferior  de- 
laaof  ozidizement,  penetrates  the  paper  better  than  that  which  is  made  by  solutions 
r  tha  sesquioxide,  and  fmally  becomes  equally  black  upon  paper.  There  is  some 
NWaritj  respecting  the  composition  of  this  liquid  on  account  of  the  discordancy  of 
pWaa  whicn  has  existed  respecting  the  acids  of  which  it  consists. 
It  mtj  be  inferred  that  the  acid  prevailing  in  a  fresh  infusion  of  galls,  is  mainly 
Mltwlueh  was  formerly  called  tannin,  and  latterly  tannic  acid.  This  acid  is  gradu- 
Hf  asavartad  into  gallic  acid,  when  the  infusion  in  which  it  exists  is  exposed  to 
M  «r.  Bithor  acid  will  produce  ink,  with  ferruginous  solutions,  but  it  does  not 
pppaar  ta  sa,  that  it  is  known  which  of  the  two  answers  the  best  for  this  purpose. 
■ava  ftaad  a  beautiful  blue  black  ink  to  result  from  the  reaction  of  a  filtered  in- 
af  adla  in  cold  water  with  finery  cinder.  It  is  too  much  prone  to  precipitate, 
tbrag^Mion  is  always  resuspended.  The  old  practice  of  introducing  cotton  into 
■WiiHii.  renioTee  this  inconvenience  in  great  measure.  Over  common  ink  it 
I  Chtaaadvaotoges,  H  contains  no  free  sulphuric  acid,  and  makes  no  grounds  which 
ba  raansponded. 
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when  the  flesqmoxide  of  iron  is  exposed  to  the  actkNi  of 
chlorobydric  acid.    It  may  be  obtained  in  the  anhydiMs 
state,  by  beating  iron  fiUngs  in  an  excess  oi  chkiMe. 
Thus  obtained,  it  is  volatile  and  deliquescent. 


183(K  Bnwume  mmi  Mum  fonn  eompoonds  with  iron,  which  no  doiAt 
In  eompotiUon  with  itt  ozidoi  and  ehloridet. 

ISSl.  Tk&re  mt9  two  JUtaridMg^  tram  wMeh  I  tt  cither  m  moiAb  of  hum. 

183SL  2V  miocifamde  if  irom  is  formed  bv  ezpoeinff  the  cyenolemta  «f  tmM 
iAwKkf  which  is  m  eonipoana  of  the  ojruiidee  of  iron  and  amnoniamy  to  boiilin^ 
tort.    The  ejanude  or  ammoniiimy  wiiich  ia  ▼*   itile,  paaaes  o^er,  lenviiur  4ifliM 
ejanide  of  iron  in  the  form  of  a  frayish-yelUw  powder.     Thia  ejanido  «K«i| 
poworfnl  cyanaeld,  oombinintf  in  that  e^pacitj  with  the  cjanidea  of  aliMilll  Ihi 
metala.    It  alao  oombinea  with  cyanhjdnc  acid,  bat  whetlier  as  an  aeid  or  sIlM^ 
appears  to  me  doabtftiL    I  incline  to  the  opinion  that  it  acts  as  an  acid,  ' 
ejanoferrite  of  the  cyanobase  of  hydrofon. 

1833.  TIU  suquiejamidB  tf  vnm  is  obtained  by  mingling  a  solotion  of  the 
eate  of  the  floooase  of  iron  with  a  eolation  of  the  oyaninferrite  of  polassinB.    Ali^ 
silicate  of  the  floobaae  of  potassiom  precipitates,  and  the  sesqoicyanido  of  iianis> 
mains  dissolyed.    Its  solution  is  of  a  deep  brownish-yellow  colour,  and  an  ar~^      * 
taste.    If  we  attempt  lo  obtain  it  in  the  aolid  form  by  desiccation,  il  it 
decomposed,  and  oonTortod  into  Prassian  blae. 

1834.  Of  JVwsuMi  BbM.— When  the  cyanide  of  potasrinm  is  mioiM  \ik\ 


with  a  feirnginoos  salt,  a  precipitate  ensoes,  well  known  nnder  the  na—  ^^^MMl 


bine,  having  been  first  accidentally  discovered  at  Berlin.    It  woold 
pwftet  the  ooloor  of  this  pteoipitate,  both  oiides  of  iron  shonld  be  pi 
the  pcotozide  mav  produoe  the  protocyanide,  and  the  seeqnioxide  tbo  Ma|iiH 
ThoOT  cyanides,  sy  their  onion,  ibrm  the  eompoond  in  qnealion.  (lS9^y  mk)f 

Of  Ifts  CbmsMmdii  of  Mm  istCib  SidwkMr  mmd  %fwitWi  *■  ^  ^ 

1885.  Iron  ferms  with  sulphur  a  protosulphide,  a  sesq[uisulplBide,  and  n' 
Moreover,  the  prolosalphide  combines  in  various  proportions  with  Ifan 
with  the  metal. 

189a  HffirfiitdfraiatMkUi»  alleged  to  be  formed  during  the  < 
arises  from  triturating  with  moisture  two  parts  of  iron  filings  with 
sulphur.  This  hydrated  protosulphide  is  liable  to  absorb  oxygen  with  aiifidKf  lo 
great  as  to  produce  ignition.  Owing  to  this  property,  its  presence  in  MttHnoai 
coal  beds  sometimes  causes  them  to  take  fire  spontaneously. 

1837.  jVative  protosulphide  of  iron  is  of  rare  occurrence ;  but  the  m^Mtie  vd 
Insulphides  are  abundantly  found  in  nature,  especially  the  latter,  which  iieneof  Ikt 
most  common  minerals.  From  its  resemblance  to  gold,  it  is  irequcntly  aKStaksafiff 
that  metal  by  inexperienced  observers.  When  intense Iv  heated,  a  portion  of  ittii^ 
phur  sublimes;  and  hence  it  is  one  of  the  sources  of  that  important  subslaacei 

1838.  Of  the  bistUphiHey  it  is  alleged  by  Tlicnard,  that  there  ore  two  ▼wi<^ 
which,  though  identical  in  composition,  are  dissimilar  in  their  crystalline  !«■■■ 
in  their  properties.  Of  these  varieties,  only  one  is  susceptible  ot'  spontaneowlH^ 
tion  with  air  and  moisture,  and  consequent  convfrsion  into  a  sulphate.  To  arfnfl* 
transformation  of  this  and  other  sulphides,  we  are  indebted  for  the  greater  iMt^ 
the  green  vitriol,  or  sulphate  of  iron,  used  in  the  arts.  Iteds  of  these  minofabiii* 
state  of  dcroniiK>Mition,  are  to  be  met  with  in  every  country. 

ISft).  Sesffuisnlphitie  of  iron  is  produced,  when  the  sesquioxide  of  this  «ellli> 
exposed  to  a  current  of  sulph^dric  acid,  provided  the  tem|>eniture  be  notaboftW' 
At  a  higher  temperature,  a  bisulphide  results. 

184U.  The  protosuiphidt  and  bisulphide  of  iron^  constitute,  as  Thenard  msnti 
the  mineral  called  magnetic  pyrites.  This  mineral  in  also  fonned,  as  he  alleges, « 
iron  in  a  state  of  intense  ignition  is  presented  to  sulf>hur,  and  when  either  the 
quisulphide  or  bisulphide  is  fused.  In  fact,  it  would  seem  that  he  considers  atm^f 
the  other  sulphides  as  magnetic  ;  although  the  presence  of  a  greater  pn>porCisa  rf 
iron  in  the  protosulphide  would  lead  us  to  suspect  in  it  a  grrpntcr  suiir«>| 
magnetic  influence.     Berzelins,  however,  considers  the  protosulphide  as 

1841.   The  seltmde  of  iron  is  formed  by  causing  the  vapour  of  sek*niuBi 
over  iron  filings  bested  in  a  glass  tube.    It  has  a  metallic  brilUancy,  and  a  deep  gfff 
colour  approaching  to  yellow. 


J 
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Experimental  BlustraHon$. 

13.  Iron,  dissolved  by  chlorohydric  and  salphurio 
Red  and  magnetic  oxide  of  iron,  exhibited^  and 
solutions  precipitated  by  galls,  and  by  cyanoferrite 
assiuni.  Effects  of  protochloride  of  tin  on  the  colonr 
$  precipitates.  Ores  of  iron,  rendered  magqetic  bj 
owpipe. 


SECTION  X. 

OF  ZINC- 

I  TUs  metal  exists  in  nature  in  four  slateB;  in  that  of  snlphale,  sili- 
ibcnaley  and  sulphide.  As  a  silicate  or  caTboiiat8»  it  is  Imown  i|^ 
OffT  under  tbe  name  of  calamine  ;  its  sulphide  is  cadled  blende. 
.  rrom  calamine  or  from  blende,  when  converted  into  an  oxide  by 
*^  the  metal  is  obtained  by  heating  it  with  charcoali  in  a  ^nicibie 
idle  in  the  centre  of  the  bottom.  To  this  a  sheet  iron  tube  is  adapted 
&  the  nic  is  conveyed  in  liquid  globules  or  vapour  to  a  vessel  of 
ihualod  beneath,  within  which  the  vapour  consequently  CQndeqseat 
ooess  is  called  distillation  by  descent^  ^^  dUHttaHo  per  de90fri$ifm^* 
ly  be  purified  by  redistillatioD* 

•  Properties. — Zinc  is  of  a  brilliant  metallic  white  colour,  tinged 
I  laie  of  lead.  Its  structure  is  strikingly  crystalline.  Its  specific 
is  about  6.66.  Under  ordinary  circumstances  it  is  not  malleable, 
'  be  laminated  by  rollers  at  a  heat  somewhat  above  that  of  boiling 
It  melts  at  about  680^  That  it  may  be  volatilized  at  a  higher  tem- 
!  most  be  evident  from  the  process  by  which  it  is  obtained  as  above- 
ad.  (1844.)  By  exposure  to  the  atmosphere  it  is  sliffhtly  oxidized, 
while  heat  bums  rapidly  with  intense  light,  the  resulting  oxide  be- 
iiliaad  in  fumes.  Water  is  rapidly  decomposed  when  passed  in  the 
steam  over  ignited  zinc,  or  when  presented  to  it  together  with  a  due 
OD  of  sulphuric  or  chlorohydric  acid.     Zinc  combmes  wifh  carbon 

Sj^OTUS. 

'Hie  equivalents  of  zinc,  and  of  its  compounds  with  oxygen,  chlo- 
i  sulphur,  are  as  follows : — 


«, 

- 

^:6 

loxide. 

1  atom  metal,  1  oxygen. 

40 

oxide,  doubtful. 

loride. 

1     „        ,9       1  chlorine, 

68 

^idc, 

1     „       „        1  sulphur, 

48 

Of  the  Compounds  of  Zinc  with  Oxygen* 

7.  The  protoxide  of  zinc  is  formed  during  the  com- 
a  of  the  metal  in  atmospheric  air.    From  tlie  hght- 
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ness  and  fleccincss  of  its  texture,  when  obtained  in  this 
way,  it  was  formerly  variously  called  pompholix,  nihil 
album,  or  lana  philosophica.  The  [)rotoxide  may  be  ob- 
tained from  one  variety  of  the  ore  called  calamine,  bjr 
heating  it  to  expel  carbonic  acid.  To  prepare  it  as  it  is 
presented  to  us  in  the  shops,  the  ore  is  roasted,  pulverized, 
and  levigated.  A  better  process,  as  I  conceive,  is  that  of 
collecting  the  woolly  matter  produced  by  the  combustion 
of  the  metal.  But  to  either  of  these  modes  I  should  prefer 
that  of  precipitating  the  oxide  from  the  sulphate  in  solu- 
tion, by  liquid  ammonia. 

1848.  Peroxide  of  zinc  has  Ix^cn  obtained  by  mingfing 
bioxide  of  hydrogen  with  a  dilute  solution  of  the  nitrate  of 
this  metal,  as  in  the  process  for  the  peroxide  of  copper, 
which  it  resembles  in  many  of  its  properties.  (1706.)  ihc 
protoxide  usually  acts  as  a  base,  though  in  some  cases  it 
may  act  feebly  as  an  acid.  The  peroxide  performs  the 
part  neither  of  a  base  nor  of  an  acid. 

1849.  The  reaction  of  sulphuric  acid  with  zinc  is  simihr 
to  that  of  the  same  acid  with  iron.  (1807.)  When  subjected 
to  nitric  acid,  zinc  takes  all  the  oxygen  from  one  portion 
of  the  acid,  while  the  protoxide  thus  formed  is  dissolved 
by  another  portion;  meanwhile  the  nitrogen  escapes  with 
violent  effervescence-  Professor  Emmet  has  recommended 
the  reaction  of  this  metal  with  tlie  nitric  acid  in  nitrate  of 
ammonia,  as  the  moans  of  procurin<r  pure  nitrogen. 

18r)0.  If  the  solution  of  the  Jicctate  of  zinc,  obtained 
by  the  reciprocal  decomposition  of  the  acetate  of  lead  suiJ 
sulphate  of  zinc,  (r)!22,)  bo  clarified  by  subsidence  or  filtra- 
tion, and  then  evaporated,  the  acetate  of  zinc  lUJiv  b(»  ob- 
tained in  the  crystallines  form.  It  will  nlso  bo  in  a  stale  of 
purity  if  the  niatorijils  have  Uqcw  used  in  the  equivalent 
proportions,  or  with  a  slijrlit  oxooss  of  the  acetate  of  leatl. 
Pure  acetate  of  zinc  inny  also  Ih»  obtained  by  the  proce?!* 
for  forininjij  the  arbor  Saturni;  as  in  that  process,  after  a 
snfticiont  time,  th(»  \riu\  is  coiiipiotcly  |)ro(ipitate(i  by  th*' 
zinc,  which  remains  in  solution.  In  this  j)ro<'(^ss  a  [)iecoot 
zhic  iM'ing  sus|K*n(l(Ml  in  n  solution  of  ar(Mat(\  or,  prefera- 
bly, nitrat(»  of  h'nd,  and  liavin*^  n  irrcatfT  alliiiity  tor  oxv- 
}jc»n,  it  d(»oxidizos  the  hs-id.  This,  iM'inn  thus  nMideml 
insoluble,  precipitates;  whih*  tin*  rosnltiiiii  oxide  of  zinr  i* 
seized  by  the  a<*id  nnd  di»«<olv<Ml. 
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1851.  The  state  of  zinc  is  also  obtained,  agreeaUy 
a  one  of  tbe  finrmnlas  of  the  FtmnnacopoBias,  as  a  tine* 
ure,  in  other  words,  in  alcoholic  solution,  by  subjecting  a 
niztoie  of  sulphate  of  zdnc  and  acetate  of  potash,  in  equi- 
ralent  proportions,  to  alcohol.  The  mixture  of  the  salts 
is  fbUowed  by  a  reciprocal  decomposition,  analogous  to 
bat  produced  by  the  mixture  of  sulphate  of  zinc,  wd  ace- 
tate of  lead ;  excepting  that  the  resulting  sulphate  of  lead 
is  mite  insoluMe  in  water,  and  separates  b^  precipitation; 
wfaue,  m  the  other  case,  both  of  the  resulting  salts,  being 
more  or  less  soluble  in  water,  alcohd  is  employed  to  ser- 
iate them.  This  licjuid  does  not  dissolve  the  sulphate  of 
potaab,  wlnle  it  readily  takes  up  the  acetate  of  zinc. 

Of  ike  Compounds  of  Zinc  wiik  ike  Halogeii  Claee. 

less.  Anhydrous  chloride  of  zinc  is  formed  during  the  combinCiQn  of 
anc  ia  chtoriue.  It  was  formerly  called  the  butier  of  xtnc,  from  its  poD- 
Mtaicy.  It  is  of  a  grayish-white  colour,  translucidi,  astriuflent^  (brihkl  at 
tm  teraperatme  of  hoiling  water,  and  volatiljzable  at  a  red-heat  Bf  dis^ 
srinngsae  flGngi  in  cfiorc^ydric  acid,  and  e?apomting  the  sohrtuQ  to 
dryness,  we  liay  obtain  this  chloride  in  the  state  of  hydrate* 

186SL  Zuic  combines  with  iodine,  fluorine,  and  cyanogen.  The  cyanide 
acts  as  an  add,  the  fluoride  both  as  a  base  and  an  acid. 


Of  the  Campaunds  qf  ^nc  wUh  Sutphwr  and 

1854.  8ii]phid«  of  sine  may  be  obtained  by  heating  the  fiilphate  to  whitensii  with 
I  carlMiascaolM  paate.  It  ia  difficult  to  combine  zinc  directly  with  falphur;  bat 
ipkaa  tiM  wmftmr  of  snlphar  ia  paased  oTer  incandeeoent  zinc,  a  eombinaftieQ  takee 
[ilar<  with  a  Tiolent  commotion,  and  the  evolution  of  ao  much  heat  aa  to  yolatilize 
put  of  the  liae.  The  aame  reiialt  onauea  when  zinc  filinga  are  aaddeolv  uid  In- 
~  with  the  peraulphide  of  potaasiom,  or  the  powdered  Imrauphide  of 


1885.  Solphide  of  zinc  ia  lolid,  yellow,  tasteleai,  leaa  foaible  than  zinc,  indecom- 
Mwhto  fcj  AMt  alone,  bat  reducible  by  intenae  ignition  with  charcoaL  It  ia  a  power- 
bl  mlphobaae. 

18Gd.  Whsn  the  aolphate  of  zinc  ia  decompoaed  at  a  low  red-heat  by  hydrogea, 
m  o«jr— Iphide,  or  in  other  words  a  compound  of  the  aulphide  and  oxide,  ia  formed. 
IBS/.  When  the  vapour  of  selenium  is  paased  over  zinc  heated  to  redneaa,  the 
of  the  two  aabstancea  takea  place  with  violence,  being  attended  with  the  j^e- 
of  active  combustion.    The  resulting  selenide  ia  a  yellow  powder. 


Experimental  Illustrations. 

l%58.  Zinc,  subjected  to  diluted  sulphuric,  and  diluted 
chloiohydric  acid.  Arbor  Saturni,  produced  by  it  in  a  so- 
lodoQ  oif  nitrate  of  lead.  Combustion  of  the  metal  in  an 
incaiidesccnt  cnicible.    Its  habitudes  with  the  blowpipe, 
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exhibited.    Reaction  of  zinc  filings  and  bisulphide  of  nier' 
cury;  also  of  the  melted  metal  with  a  fused  nitrate. 


SECTION   XL 

OF  ARSENIC. 

1859.  This  metal  is  found  in  nature,  in  combinatioa 
with  oxygen,  sulphur,  and  various  metals.  It  is  soU  ia 
commerce  under  the  name  of  cobalt,  and  in  the  state  in 
which  it  bears  this  name,  it  is  full  of  crevices,  and  so  noKh 
tarnished  or  blackened  by  oxidizcment,  both  internally  and 
externally,  that  it  is  not  possible,  even  by  a  fresh  fractuie^ 
to  see  the  true  colour  and  lustre  of  the  metal. 

1860.  In  order  to  attain  this  object,  the  cobalt  (ns  it  if 
absurdly  named)  should  be  coarsely  pulverized,  ana  intith 
duced  into  a  glass  tube  sealed  at  one  end.  The  tnhe 
should  be  less  than  half  full.  Thus  prepared,  it  should  be 
placed  within  a  cylinder  of  iron,  closed  at  the  base*  Hie 
butt-end  of  a  gun  barrel  will  answer.  The  space  between 
the  iron  and  the  glass  should  be  filled  with  sand,  and 
another  gun  barrel  applied,  so  as  to  receive  any  fumes 
which  may  arise,  and  conduct  them  into  a  chimney.  That 
portion  of  the  glass  tube  which  contains  the  arsenic,  should 
be  kept  red-hot  for  about  half  an  hour.  After  the  appara- 
tus is  quite  cool,  the  metal  will  be  found  in  crystals  of 
groat  splendour,  occupyini^  that  portion  of  the  glass  tube 
which  is  next  the  part  heated  to  redness. 

1861.  Properties. — Jlxposcd  before  the  blowpipe,  arsenic 
is  distinguished  by  burning  iKjforo  it  fuses,  and  by  emitting 
copious  white  fumes,  wliicli  have  iIkj  odour  of  garlic 
These  fumes  are  easily  produced,  by  j)rojecting  a  |)ortioo 
of  the  metal  upon  a  hot  iron,  or  bv  subjecting  it  in  any 
other  way  to  heat  and  air.  Thev  arc  evolved  on  a  large 
scale  during  some  nietallurgic  o[)erations,  and,  after  being 
purified  by  a  subscijuent  sublimation,  constitute  the  ar- 
senious  acid  or  white  arsenic  of  the  shops.  This  metal  is 
extremolv  i)rittle  and  friable,  nnd,  when  newly  sublimed, 
has  the  colour  and  brilliancy  of  polished  steel.  It  requires 
less  heat  to  va|)orize  than  to  fuse  it;  so  that  it  caimot  be 
melted  without  the  aid  of  a  j)ressure  greater  than  that  ol 
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KMiph^M.  Thenard  alleges  that  it  may  be  sublimed 
tort  filled  with  nitrc^en,  at  the  temperature  of  356^ 
mder  die  impression,  that  the  nitrogen  must  co- 
I  as  a  solvent  in  this  result ;  taking  up  the  metal  in 
rmer  part  of  the  retort^  and  depositing  it  in  the 
part.  I  have  ascertained  that  metalHc  arsenic, 
I  in  a  glass  tube  immersed  in  melted  lead,  is  not 
zedy  unless  so  (blt  as  it  may  be  oxidized  i  and,  more- 
i  the  process  for  obtaining  the  arsenical  ring,  I  have 
ed  that  it  is  formed  just  beyond  the  part  of  die  tube 
8  reddened  by  the  heat. 

2.  The  following  table  gives  the  equivalents  of 
,  and  of  its  compounds  with  oxygen,  chlorine,  and 


f 


38 

le,  doubtful. 

lus  acid,    2  atoms  metal,  3  atoms  oxygen,  100 

\  acid,       2  atoms      „      5  atoms       „  116 

iloiide,      1  atom       „      1  atom  chlorine,  74 

:hloiide,     2  atoms      „      3  atoms       „  184 

jdphide,      1  atom       „      1  atom  sulphur,  54 

Huphide,     2  atoms      „      3  atoms       „  124 

bide,          2  atoms      „      5  atoms       „  156 

Of  the  Compounds  of  Arsenic  with  Oxygen. 

.  According  to  Berzelius,  the  black  matter  which 
»  the  brilliancy  of  metallic  arsenic  on  exposure  to 
^  is  a,  suboxide.  Thenard  seems  inctinea  to  con- 
as  a  protoxide;  while  by  other  chemists  it  is  treat- 
,  mixture  of  arsenious  acid  and  the  metal ;  as,  when 
i  to  heat  or  to  acids,  it  yields  arsenious  acid,  and 
^  arsenic.  But  as  it  appears  that  arsenious  acid  is 
ound  of  oxygen  and  the  metal,  in  the  ratio  of  three 
af  the  former  to  two  of  the  latter,  it  would  be  rea- 
\  to  infer  the  existence  of  a  compound  consisting  of 
m  of  each.  Besides,  it  has  been  ascertained  by 
08,  that  the  exposure  of  arsenic  to  air  never  causes 
orption  of  more  than  eight  per  cent,  of  oxygen; 
s,  to  form  arsenious  acid,  the  metal  must  absorb 
Ciro  per  cent.  Now  it  seems  very  improbable  that, 
lie  same  circumstances,  one  portion  of  the  metal 
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should  absorb  thirty-two  per  cent,  of  oxygen,  while  ano- 
ther portion  should  absorb  none. 

1864.  Arsenious  acid  is  found  in  nature  both  in  crysta]* 
Hue  form  and  in  ttiat  of  white  powder.  It  forms  the  fumes 
which  are  so  copiously  evolved  when  arsenic  is  ignited  in 
the  air.  It  is  milk-white,  has  a  rough  and  slighdyacid 
taste,  followed  by  a  flavour  feebly  sweet.  It  is  hardly 
necessary  to  state  that  it  is  a  virulent  poison.  When 
subjected  in  open  vessels  to  a  low  red-heat,  it  softens,  and 
subhmes,  in  the  form  of  a  white  powder,  or,  when  the  ves- 
sels are  large  and  the  operation  slow,  in  regular  octoh^ 
dral  crystals. 

1865.  Arsenious  acid  is  soluble  in  water,  but  not  to  any 
great  extent.  Berzelius  states  that  a  saturated  solution  of 
it  in  boiling  water,  in  which  the  deposition  of  crystals  has 
commenced,  contains  but  a  twelfth  or  thirteenth  of  its 
weight.  There  is  much  uncertainty,  and  some  raysteiy, 
respecting  the  extent  of  its  solubility  in  cold  water.  Bcx^ 
zehus  quotes  an  observation  made  by  Fischer,  that  die 
portion  employed  is  never  entirely  dissolved;  and  that  as 
the  ratio  of  tlie  water  to  the  acid  increases,  this  being  al- 
ways in  excess,  the  quantity  dissolved  lessens.  Thus  80 
parts  of  the  former  take  up^Vt-h  of  its  weight;  160  parts, 
jl^th;  240  parts,  rhrth;  and  1000  parts,  only  jiVrth. 

1866.  Arsenious  acidj  when  subjected  in  close  vessek  (o 
a  heat  approaching  to  rcdno??,  fusees  into  a  transparent 
glass  of  the  specific  gravity  of  ;{.()!)1),  unchangeable  in  dry 
air,  but  gradually  becoming  white  and  opake  in  a  humid 
atmosphere.  In  the  last  mentioned  state,  it  appears  to  \k 
more  soluble  in  boiling  water,  and  to  be  retained  in  solu- 
tion to  a  greater  extent  than  in  the  transparent  state. 
The  transparent  acid  reddens  litnnis  ;  whih^  by  the  opako, 
litmus  pn'viouslv  reddenc^d  niav  hv  restored  to  its  oriinnal 
colour.  These  vari(?ties  of  arsenicjus  aeid  are,  therefore* 
ccmsidercd  as  isomeric.  (IIT);}.) 

lN(i7.  Of  Arsrnir  avid. — \\\  diirestion  in  acpia  roijiaorin 
strong  nitric,  acid,  evaporation  of  the  n»sulting  sohition  to 
dryness,  and  suhsecpient  ignition  nearly  to  redness  in  t 
platinum  crucihle,  arsenious  arid  accpiires  two  additional 
at(mis  of  oxymMi;  so  that  a  coniponnd  is  formed  in  wliick 
the  metal  is  to  the*  o.\yi;en,  in  the  pro|K)rtion  of  tw«>  atonic 
to  five.  This  coniponnd  is  arsenic  acid^  which  is  solid 
white,    and    caustic,    and    cii[»able   of    reddening    litiuu?. 


ABSBinc.  337 

Knien  exposed  to  heat*  it  melts  into  a  glass ;  but  if  the 
leat  be  pushed  to  redness,  it  is  decomposed  into  arse^iious 
Lcid  and  oxygen  gas.  This  is  a  more  powerful  acid,  a 
noie  Tiralentpoil>n,  and  more  ^nergetirin  its  affinities, 
iian  arsenious  acid.  Like  other  acicb,  which  bear  a  high 
imnperature  without  decomposition  or  volatilization,  it 
sxpels,  when  aided  by  heat,  the  volatile  adds  from  their 
Dombinations.  It  forms,  with  certain  metallic  oxides,  salts 
irfaich  crystallize  in  the  same  form  as  the  correspond 
phosphates;  whence,  as  I  have  elsewhere  stated,  (474,^^ 
irs^uc  and  phosjdioric  acid  are  said  to  be  isomorraous. 
Of  such  bodies,  one  may  be  substituted  for  the  other  in 
i^rystalliDe  compounds,  withmit  alterinir  the  form  of  the 
reilahiiig  ciyBtak  ^ 

1868.  Arsenic  acid  is  deliquescent,  and  much  more  so- 
luble than  arsenious  acid;  yet  after  being  vitrified  by  heat, 
it  does  not  dissolve  completely  at  first,  but  deposites  a 
irinte  powder,  which,  by  frequent  stirring,  finally  dissolves. 
b  consequaice  of  this  and  some  other  differences  in  their 
vopertieai  it  has  been  supposed  that  the  melted  and  un- 
nelted  araenic  acids  are  isomeric  with  regard  to  each 
other* 

1869.  Arsenious  and  arsenic  acid  severally  combine 
with  the  metallic  oxides.  Arseniate  of  potash  is  formed, 
nrhen  arsenious  acid  or  metallic  arsenic  is  deflagrated  with 
nitrate  of  potash.  Fowler^s  solution,  the  liguor  potassfB  ar- 
9eniH$  of  the  U.  S.  Pharmacopoeia,  is  made  by  boiling  ar- 
senious acid  and  carbonate  of  potash,  of  each  64  grains, 
with  a  pint  of  distilled  water,  and  adding  four  fluidrachms 
of  the  spirit  of  lavender.  The  arsenious  acid,  displacing 
the  carbonic  acid,  forms  with  the  alkali  an  arsenite  of  pot- 
ish.  This  solution  produces  a  yellow  precipitate  with  ni- 
late  of  silver,  without  the  aid  of  ammonia,  as  the  place  of 
his  base  is  supplied  by  the  potash. 

1870.  The  sohible  arsenites  and  arseniates  yield  preci- 
litates  with  solutions  of  copper  and  silver,  and  destroy  the 
)lue  colour  of  the  iodide  of  starch,  by  the  superior  affinitv 
>f  iodine  for  arsenic.  In  the  instance  of  copper  and  sil- 
rer,  an  arsenite  or  arseniate  of  those  metals  is  formed. 
J7ke  antniie  of  ctypper  is  of  an  apple- f^reen  colour^  and  forms 
I  pigmeni  called  Scfieele^s  green*  Tlie  arsenite  of  silver  is 
fmow  ;  the  arseniate^  brick-red. 

1871.  Sulphuric  acid  when  cold  does  not  react  with  ar- 
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senic;  but  when  warm,  the  acid  is  decomposed,  and 
nious  acid  formed. 

1872.  Of  nitric  acid  the  reaction  with  arsenic  is  simikr 
to  the  reaction  of  sulphuric  acid  with  the  same  metal ;  ei- 
cept  that  it  takes  place  without  the  aid  of  heat,  and  that 
the  arsenious  acid  which  is  at  first  produced,  is  finaify  ooo- 
▼erted  into  arsenic  acid. 

Cfike  Comfounds  nf  Arwemc  wi\  Ik  Hdlogtn  Cbtf. 

1878.  A  $e$quieUond€  cf  arsenic  is  obtained  by  the  direct 
chlorine  with  anenic,  or  by  the  distillation  of  this  metal  with  the 
of  mercury*    If,  in  this  process,  the  protochloride  of  mercury  be  sul 
for  the  other,  a  protochloricb  of  arsenic  is  generated :  and  by  the 
of  the  metal  with  an  excess  of  chlorine,  a  perchloride  results. 

1874.  The  MesquichJoridt  is  a  colourless,  fuming  liquid,  of  an 
consistency,  quite  analogous,  both  as  to  the  means  of  evolution  and  ij 
perties,  to  the  bichloride  of  tin,  or  fuming  liquor  of  Libavius.  (1769.) 

1875.  Bromine  and  iodine  severally  form  compounds  with  anenie^  «MA 
oorrespond  in  composition  with  the  sesquichloride. 

1876.  Tkejluoride  of  arsenic  is  a  colourless,  fuming  liqiud,  iriiidi|» 
baUy  consists  of  two  atoms  of  arsenic,  and  three  of  flnorine. 

Cfihe  Compounds  of  Arsenic  with  Sulphur  and  Sekmum^ 

1877.  There  is  scarcely  any  limit  to  the  number  of  propoitioiii  is 
arsenic  and  sulphur  appear  to  be  capable  of  combining;  yet  BenoB 
mits  the  existence  of  but  five  distinct  sulphides,  and  Tfaienard  noopkm 
only  three,— a  protosulphide,  a  sesquisulphidc,  and  a  pcrsulpfaila.  wkf  tk* 
union  of  these  with  various  quantities  of  the  metal,  or  of  sulphor,  afl  As 
other  compounds  are  supposed  to  be  produced. 

1878.  The  proto,  scsqui,  and  persulphide  severally  combine  wilhiolpho- 
bases,  as  sulphacids. 

1879.  The  protosulphide  of  arsenicy  known  in  commerce  by  the  name 
of  realgar y  may  be  obtained  by  heating  a  mixture  of  two  parts  of  sulphuTi 
and  rather  less  than  three  and  a  half  parts  of  arsenic.  It  is  procured  in 
the  large  way  by  distilling  arsenious  acid  with  sulphur.  It  is  tastcte«. 
crystallizablc,  less  fusible  than  arsenic,  and  of  an  orange-red  cotair. 
When  heated  in  close  vessels  it  volatilizes  unchanged,  but  if  the  nir  bes^ 
mitted  it  is  converted  into  arsenious  and  sulphurous  acid.    It  is  found  dsIit** 

1880.  The  sesquisulphidc  is  obtained  by  addinir  chlort^hydric  acid  toi 
mixed  solution  of  sulphide  of  potassium  and  arscnito  of  potash.  Thcoiy* 
gen  of  tlie  arsenious  acid  and  of  the  |H)tnsh  unites  with  tin?  hydrojjcn  of  tfce 
chlorohydric  acid,  the  chlorine  with  the  [M^tassiuin,  and  t)ic  sulphur  with  Ar 
arsenic.  The  chloride  of  potassium  remains  in  solution,  wliilc  the  Koak 
and  sulphur  precipitate  in  the  state  of  s<'squisulphide,  and  in  the  form  </ 
beautiful  yellow  flocks. 

m  _  _     _ 

1881.  TTie  scsquisulphide  is  found  in  nature,  and  is  known  in  commeroe 
under  the  name  o^ orpimenU  It  is  crystalliziiMe.  When  heated  gcndyiB 
close  vessels  it  mohs,  and  if  the  heat  1k'  further  eh^vatctl,  volatilizes,  ili 
may  bo  condensed  unchanged.  If  the  access  of  nir  In*  jicnnitted  during 
the  operation,  sulphurous  and  arsenious  acid  an*  tbrmed. 

1882.  The  persulphide  of  arsenic  is  formed  by  {xissing  sulphydric  acii^ 
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ii  a  solution  of  arsenic  acid  in  water.  It  is  yellow^  and  resem- 
BHt.  It  is  fusible,  volatilizaMey  and  capable  of  reddening  litmus* 
L  scleoide  is  produced,  when  arsenic  is  dropped  into  Senium, 
liquefied  by  heat.  If  this  selenide  be  subject  to  distillation  at 
a  perselenide  is  obtained. 

t  CowipoundM  of  Armme  iMk  Photphona  and  Hydrogen. 

L  phatpkuret  of  arwtidc  may  be  formed  by  beating  phoq>horu8 
etal.    It  is  black  and  brilliant 

>f  ar$eniurett€d  hydrogen^^^lf  in  charging  the  self-imilating 
>r  the  evolution  of  hydn^n,  (797,  dec.)  an  aaueous  somtion  of 
cid  be  substituted  for  water,  the  other  materials  being  as  usual 
cid  and  zinc,  arseniuretted  hydrogen  will  be  evolved  with  no  less 
in  that  with  which  the  evolution  of  the  pure  gas  is  aooomplished, 
j^senious  acid  is  not  present. 

Then  this  gas  is  made  to  pass  through  a  tube  kept  by  means  of 
a  coal  fire,  as  hot  as  the  glass  will  bear,  the  arsenic  is  precipi- 
e  metallic  form,  in  the  cooler  part  of  the  tube,  just  beyond  tne 
. 

he  process  above  described,  is  decidedly  preferable  lo  any  other, 
respects  convenience  and  economy,  but  the  safety  of  the  qie- 

'o  procure  this  gas  devoid  of  pure  hydrogen^  Soobieran  recom- 
an  alloy  of  equal  weights  of  arsenic  with  zinc  be  made  by 
subjected  to  strong  chlorohydric  acid. 

*  confidence  is  to  be  placed  in  the  recommendation  of  the  distin- 
emist  above  named,  it  follows,  that  by  the  introduction  of  such 

0  the  sclf-rcguiating  reservoir,  substituting  strong  chlorohydric 
sulphuric  acid,  there  would  be  a  supply  of  pure  arseniuretted 
t  command. 

rseniuretted  hydrogen  is  highly  inflammable,  in  common  with 
rifbrm  compounds  of  hydrogen.  It  is  extremely  deleterious  to 
ijurious  when  liberated  in  quantities  too  small  to  be  immediately 
» the  operator.  It  is  productive  of  nausea  and  vomiting,  some- 
[istipation,  sometimes  of  purging.  As  palliatives  of  these  symp- 
lius  rec'ommends  warm  tea,  and  sulphydric  acid  gas. 

1  generating  tliis  gas  for  illustration,  by  the  apparatus  employed 
Mophical  candle,  (^05,)  1  inadvertently  inhaled  enough  to  pro- 
isient  indisposition.     Gehlen,  a  respectable  Grerman  chemist, 

by  a  similar  inadvertency.  This  gas  is  the  more  insidious, 
5  not  warned  of  its  presence  by  the  fetidity  of  its  odour,  as  in 
the  combinations  of  hydrogen  with  sulphur  and  phosphorus,  and 
jxx».  A  ten -thousandth  part  of  this  gas  may  be  detected  in  a 
:ture,  by  the  metallic  pellicle  which  it  causes  upon  a  solution  of 
iblimatc. 

1  of  turpentine  appears  to  form  a  crystalline  compound,  by  re- 
arseniurctted  hydrogen. 

solid  compound  of  arsenic  with  hydrogen  has  been  made,  by 
n  alloy  of  potassium  and  arsenic  to  water ;  and  likewise  by  the 
)n  of  water  by  the  Voltaic  series,  one  of  the  wires,  employcxl  for 

terminating  in  a  piece  of  arsenic  immersed  in  that  liquid. 
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Experimental  Illustraliotts. 

189-1.  Appearance  aud  habitudes  of  arsenic,  in  ils  me- 
tiillic  and  cryslfillinc  form,  conlraslud  willi  those  of  zJoc, 
antimony,  and  biamuth.  Arecnious  acid  and  its  eolutioas. 
exhibited;  also,  Fowler's  solution,  or  solution  of  arsenilc 
of  potash.  Arsenious  and  arsenic  acid,  in  solution,  added 
to  large  vessels  of  clear  water,  and  detected  by  suJphy- 
dric  acid,  or  by  ammoniacal  nitrate  of  silver  or  copper. 
Same  acids  precipitated  by  lime-wattT.  Exhibition  of 
Scheele's  green,  or  arseiiite  of  copper.  CombustiuR  of 
arsoniuretted  hydrogen,  displayed. 

()f  ihe  Means  of  detecting  Arncnic,  in  Cases  where  poiMMig 
by  Arsenical  Vom]mu?ids  is  suspected' 

1895.  As  respects  arsenic,  the  most  important  objedrf 
attention  is  the  means  of  detecting  this  metal,  in  cases  io 
wliich  an  arsenical  compound  may  be  used  as  a  [loison. 

1896.  The  first  steps  arc  of  course  dircctct!  lo  tlie  col' 
lection  and  preservation  of  ail  the  matter  which  may  Ibw 
come  from  the  patient  in  vomiting,  or  which  may  be  ob- 
tained by  opening  the  stomach.  As  the  combination  of 
this  metallic  [>oison  usually  administered  is  urscuious  <cid 
in  the  pulverulent  form,  all  the  matter  collected  and  ttio 
surface  of  the  stomach  should  be  rigidly  examined,  ia  order 
to  detect  any  particles  which  may  remain  in  that  state. 
Berzelius  counsels  us  especially  lo  scrutinize  those  spots  in 
the  stomach  which  appear  to  liave  Iwcn  inflamed,  in  onfcr 
to  ascertain  whether  any  particles  of  the  poison  are  lodged 
in  them. 

1897.  In  the  next  place,  the  whole  mass,  collected  u^ 
preserved  as  above  advised,  should  be  thrown  into  watert 
which,  while  stirred  to  cause  the  suspension  in  it  of  tht 
lighter  portions  of  the  matter,  should  be  poured  oft  to- 
gether  with  that  lighter  matter  from  the  heavier  subsidiBC 
portion.  The  liquid  thus  separated  should  be  fdtercdt  and 
both  the  resulting  filtered  solution,  and  the  heavier  matltf 
which  may  have  sunk  to  the  bottom  of  the  vessel,  diOQH 
be  evaporated  to  dryness  in  an  appropriate  oven,  or  in  ■ 
vessel  Kept  hot  by  boiling  water.    The  whole  being  quitt 
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r,  it  should  be  introduced  into  a  glass  or  porcelain  Ves- 
;  and,  adding  a  sufficient  quantity  of  strong  nitric  acid 
cover  the  mass,  it  should  be  subjected  to  a  heat  adequate 
cause  a  brisk  reaction.     This  should,  if  necessary,  be 
tained  by  further  additions  of  the  acid,  until  there  is  no 
ger  any  organic  matter  undecomposed. 
1898.  As  nitric  acid  can  have  no  other  effect  upon  ar- 
ic  than  that  of  converting  it  into  arsenic  acid,  in  which 
te  it  is  less  volatile  than  in  any  other;  this  process  tends 
the  same  time  to  annihilate  the  organic  impurities,  and 
secure  the  metal.    Thus  the  matter  to  be  assayed  is 
Lch  diminished  in  bulk,  and  if  it  contain  arsenic  must 
Id  it  as  arsenic  acid,  which  is  more  soluble  than  q^rseni- 
3  acid.     Hence,  if  the  dry  mass  be  digested  with  water, 
K)lution  will  be  obtained,  which,  being  filtered,  may  be 
(cipitated  by  lime-water.    The  arseniate  of  lime  which 
<:ipitates,  being  dried,  should  be  mingled  with  about 
5-K)urth  of  its  weight  of  powdered  charcoal,  and  intro- 
:ed  into  a  glass  tube,  sealed  at  one  end.    The  mixture 
ving  been  made  to  settle  down  to  the  sealed  end  within 
narrow  Umits  as  possible,  a  Uttle  cotton  wick  must  be 
^ened  to  the  end  of  a  wire,  by  twisting  the  wire  so  as  to 
rm  one  end  into  an  eye,  and  passing  the  wick  through 
3  eye,  and  winding  it  about  the  end  of  the  wire,  until  a 
ig  of  cotton  be  made  just  large  enough  to  slide  in  the 
16  like  a  piston.     For  greater  security,  the  wick  may  be 
wind  about  the  wire,  so  that  one  end  may  be  held  in  the 
nd.     By  means  of  the  piston,  thus  formed,  the  portion 
the  tube,  not  occupied  by  the  mixture,  may  be  wiped 
3an.    The  tul>e  should  now  be  subjected  to  the  flame  of 
spirit  lamp,  tlic  piston  being  retained  in  it,  as  near  the 
(xture  as  it  can  be  without  being  injured  by  the  heat, 
le  heat  should  be  applied  at  first  to  the  anterior  part  of 
B  mass,  proceeding  to  the  posterior  part  afterwards ;  and 
soon  as  the  whole  ceases  to  give  out  aqueous  vapour, 
e  piston  should  be  passed  quickly  down,  so  as  to  wipe 
iray  the  moisture  condensed,  together  with  any  accom- 
mying   foulness.     The  piston  being  again  beyond  the 
sach  of  the  heat,  the  part  of  the  tube  containing  the  mix- 
ore  diould,  by  the  aid  of  a  blowpipe,  be  exposed  to  a  tem- 
sratore  as  high  as  the  glass  will  bear.  If  there  be  arsenic 
the  mLxture,  it  will  now  appear  in  a  bright  metallic  ring, 
St  beyond  that  part  of  the  tube  which  was  heated  red- 
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hot.  On  cutting  the  tube  at  the  part  where  the  ring  ajk 
pears,  and  heating  it  by  a  spirit  Iuni|),  the  alliacouiiH  smeli 
of  arsenic  will  he  prrceived,  if  this  metal  bt:  present;  ami 
the  game  smeil  will  be  ex()ericiiced  on  igniting  the  cotton  of 
the  piston  above  mentioned. 

1899.  The  process  thus  described  for  obtaining  tbear- 
Benical  ring  is  nearly  the  same  as  that  whicli  I  employed 
in  the  analysis  of  some  matter  sent  to  me  from  We8tcbe»- 
ter  by  Dr.  Thomas;  having  been  obtained  from  the  (lo- 
mach  of  a  woman  poisoned  by  her  husband.  1  aAenraida 
repeated  it  successfully  at  Westchester,  in  prescDCC  of 
Dr.  Thomas  and  another  phy:«ician ;  and  ujiod  (heir  en- 
deuce  of  the  result  so  obtHinod,  the  murderer  was  «»• 
victcd.  Before  his  execution  he  confessed  himBcIf  to  be 
guilty. 

1900.  Where  no  arsenic  can  be  detected  in  the  cooteiA 
of  the  stomach,  it  may  be  found  in  the  moiiibrai)esi  « 
coats.  Hence,  in  making  the  examination  for  arsenic,  ibt 
stomach  should  be  boiled  in  nitric  acid,  until  all  the  orgaK 
matter  ia  destroyed. 

1901.  Very  minute  quantities  of  arsenic  may  be  detected 
by  the  aid  of  silver  or  copper  in  solution.  With  aint^ 
arsenic  acid  gives  a  brick-red,  arscnious  acid,  a  yeOov 
precipitate.  With  copper,  arsenious  acid  produces  a  toy 
Hlriking  green  precipitate  of  arseiiite  of  copper,  called 
Scheele's  green.  Sulphydric  acid  gas  produces,  »ith 
either  acid,  a  yellow  precipitate  of  sulphide  of  ancDic 
As  these  results  are  precarioua,  and  liable  to  be  produced 
by  other  causes,  they  should  not  be  considered  as  conclih 
sive  evidence. 

1902.  In  the  case  of  the  murder  above  nioutioned,  I 
found  that  the  arsenic  acid,  as  procured  from  the  conttfts 
of  the  stomach,  would  not  assume  the  appropriate  htw  in 
precipitating  with  silver,  whether  before  or  after  its  uMon 
with  lime.  Instead  of  a  brick-red,  it  was  of  a  muddy 
colour.  By  Dr.  Feutchwangcr.  who  was  prosetit  during 
many  of  my  experiments,  this  was  ascribed,  correclly,  ss 
I  believe,  to  phosphoric  acid.  It  has  been  stated,  that  itb 
difficult  to  separate  these  acids  when  associated,  from  tbdr 
isomorphism,  or,  in  other  words,  crv^talliziitg  io  the  stoat 
form.  (471.) 

1903.  By  simple  athnity,  neither  arsenious  nor  araenc 
acid  can  be  precipitated  by  the  soluble  salts  of  sihrer  ar 
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3r.  Hence  an  alkali  must  be  present,  either  in  union 
the  arsenical  acids,  or  with  the  metallic  salt.  This 
t  is  attained  conveniently,  by  the  addition  of  ammonia 
5  nitrate  of  silver  or  copper;  as,  with  either  of  those 
s,  that  alkali  forms  a  soluble  ammoniacal  nitrate. 
• 

H.  A  great  improvement  in  our  means  of  detecting 
ic  has  been  introduced  by  Marsh,  of  London.  It  has 
mentioned,  (1885,)  that  if  in  the  process  for  evolving 
^gen  by  a  self-regulating  reservoir,  an  aqueous  solu- 
if  arsenious  acid  be  substituted  for  pure  water,  the 
-ials  and  manipulation  being  otherwise  the  same,  in 
>f  pure  hydrogen,  arseniuretted  hydrogen  will  be  ge- 
sd.  From  the  observations  of  the  ingenious  mecha- 
I  above  named,  it  appears,  that  if  any  mixture  con- 
g  arsenic  be  added  to  water  and  acid,  used  in  an 
70US  miniature  apparatus,  the  nascent  hydrogen  will 
ine  with  the  arsenic,  however  minute  the  proportion, 
^uently,  a  jet  of  the  gas  when  inflamed,  by  its  hue, 
and  odour,  and  still  more  when  allowed  to  play  upon 
urface  of  a  piece  of  porcelain  or  glass,  will  demon- 
i  the  presence  of  arsenic.  In  this  last  menjtioned  case, 
k  stam  will  be  made,  consisting  of  concentric  circles, 
ich  that  which  is  central  will  have  the  metallic  hue  of 
rsenical  ring,  especially  when  examined  through  the 

>5.  The  great  objection  to  this  process,  as  it  came 
the  hands  of  Marsh  is,  that  when  the  proportion  of 
ic  is  very  small,  the  whole  may  escape  before  the 
tor  may  be  enabled  to  detect  it.  Hence,  it  would 
preferable  to  resort  to  the  expedient  recommended 
ubieran,  of  passing  it  through  a  tube  heated  by  a 
(18vS6);  or  to  pass  all  the  gas  generated  through 
liquid  competent  to  effect  a  complete  absorption  of 
•senic.  For  this  purpose  a  solution  of  corrosive  sub- 
j  might  answer.  (1891.) 

Exj)€rimenial  Illustrations. 

16.  Small  portions  of  arsenious  acid,  or  of  the  ar- 
e  of  lime,  mingled  with  powdered  charcoal,  and  sub- 
to  heat  in  a  glass  tube.     Arsenical  ring,  produced 
diibitcd. 
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1907.  Self-rcgukting  reservoir  of  hy<iro<»pn,  cliargai 
with  au  aqiipoiis  solution  of  arscnious  acid,  sulphuric  ncid. 
and  zinc.  (7iMi,  &c.)  Deposition  produced  Iiy  ihc  flame 
upon  glass,  mica,  or  porcelain.  Gas  passed  throu^  « 
glass  lulic,  reddened  by  a  lamp,  or  gas  flame,  ilcpo^iU  me- 
tallic arsenic  in  a  tilm  resembling  in  appearance  iho 
seuical  ring. 


SECTION  XII. 

OF    ANTIMONY. 


D  «r-  j 


11)08.  Anlimrqiy  sometimes  occurs  ia  nattirt^  in  the  ni^lnlticMiitcndk 
that  of  oxide,  oUo  nbundoDlly  aa  a  sulpliidc.  It  ia  In  iHct  to  Uio  solpUkl 
thai  Hk  namo  ofiiiitiiTioDy  is  given  in  commerce,  tlic  mclol  bciog  dc^pn^ 
aa  iho  regtdua  oraotimony.  *, 

IQOD.  The  ores  of  this  moinl  hnd  been  known  Tor  n  lone  lime :  bit  A^, 
ks  «xtractioa  from  ibotn,  ibo  world  is  inilobic<l  to  Basil  ValnDtioe,  lAi 
livod  towards  llio  close  of  ihe  fineciith  century.  Siooo  ihfti  poHod,  ftn 
its  uiiliiy  in  medicine,  ii  lias  been  eiiiiQCDily  on  object  aTrnvciitifiatba. 

IfllO.  Motullic  aDiiniony  nuiy  bo  obtuiiteil  by  mingling  Uio  sulpluilc  Hk 
two-thirds  iif  its  weiglii  uf  bilurtmio  of  [>utus)i,  und  ono-lhird  ul'  its  wa^ 
of  nitre,  und  deflagrating  tlie  mixture  in  a  red-hot  crociblc.  The  MW* 
of  (lie  iiJcro  coDVtirlB  the  sulphur  uitu  sulphurous  acid,  which  esomi}  wGb  . 
the  alk&Ji  of  both  the  talis  openiIc«  aa  a  flux,  or  in  other  wonM  pfonaiB  | 
the  fusion  of  tho  mass.  The  carbon  of  the  Liriaric  acid  (xmnlencli  At 
oxidiKcinent  uf  llio  metal. 

1911.  Cbarcottl,  intimately  intermingled  wilh  carbonate  of  prtMh  or 
soila,  may  be  used  instead  of  ihe  bilartrate. 

1013.  Antimony  thus  obtained  ia  nol  quite  pure.     To  render  itakaaf    ' 
bcdisiiolvcd  in  aqua  regia,  precipitated  in  the  state  of  ox j' chloride  by  viler, 
and  revived  by  ignllioD  with  bilartralo  of  potash. 

1913.  Pfoperlici. — Antimony  is  ho  britile  n,s  lo  lie  fimily  putfrnvA 
It  displays  a  cryslalliDe  atruclurc,  and  may  be  crysiulliz'rd  by  ifaopraeiH 
nworlM  to  in  tbe  cjisc  of  sulphur.  (750.)     When  r]iiii'-  pun"  and  M«(f 
fractured,  it  is  of  a  silver-white  colour,  and  very  brilliniil.     H'ii  bo  rutM    1 
betwirn  Ihe  fingers,  they  acquire  a  pereeplible  ofionr-     Iln  specific  gflfkf 
is  6.7.     h  fuses  a  lillle  below  a  rcd-hcni.     When  thrown  in  a  ilMtat  I 
fbsion  upon  a  board,  it  produces  n  beautiful  elfeci,  bcin^  dJHpcnnd  itt^g 
ni)iltitud<i  of  ignited  globules,  which  emit  copious  fumes  ol' oxide,  anJ  hM^  1 
their  traces  upon  thi  Iward.     Tlic  tcmpcratuio  of  ihc  globuI<jt  ioraw  toij  | 
supported  by  lltcir  own  combustion- 

ISl  4.  A  single  globule  of  Ibe  mclal,  boing  brought  to  n  Ninie  oT  igmUa 
by  the  blowpipe  flame  upon  a  piece  of  charcoal,  if  bebl.  aflt^r  o^entitm'i 
Ibe  blowpipe  is  diicontinued,  in  a  current  of  air.  sudi  us  'xiits  luunl^A  ' 
an  aperture  in  n  flue,  will,  in  eonsetfucnce  of  ilie  liml  arinin^  frmn  it*  uain  . 
with  the  ntin<Ri|>lierie  oxygen,  cuatinuc  ai  a  bright  n-d-luul  uniil  ocariy' 
COQsunml. 

1915.  According  to  Bcrzclius,  the  purity  of  onliniony  is  indicated  by  ■ 


A 


ANTIMONY. 


345 


whiteoess,  and  a  granular  or  fine  lamellar  texture ;  whereas  die  metal 
ise  does  not  excel  tin  in  whiteness,  and  is  coarsely  lamellar,  almost 
isceptible  of  cleavage.  It  appears  to  me,  that  the  difierences  here  re- 
to,  are  dependent,  as  in  other  cases,  on  slowness  or  quickness  of  cool- 
K  button  which  was  granular  when  taken  from  a  crucible  refrigerated 
iTy — by  fusion  in  an  iron  mortar  in  which  it  was  prevented  from  cooU 
cidy  by  proximity  to  a  fire,  acquired  a  lamellar  texture.  Bad  anti- 
ooks  like  hornblende  rock  when  broken,  as  to  its  crystalline  texture, 
anot  be  fused  into  a  globule  as  liquid  or  pure.  It  will  not  answer  as 
r  the  experiment  of  throwing  on  the  board,  as  the  pure  metal. 
K  The  equivalents  of  antimony,  and  of  its  compounds  with  oxygen, 
e,  and  sulphur,  are  as  follows : — 


my,      - 

- 

• 

- 

- 

64 

axide. 

2  atoms  metal, 

,  3  oxygen. 
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>nious  acid. 
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» 

99 

4      „                 -        . 
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5      „                 .        . 
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Rilphide, 
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99 

3  sulphur. 
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lide. 
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» 

99 

4      „                 -        • 
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hide,  ' 

2 

» 

99 

5      „                 .        . 
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Cff  the  Sesquioxide  of  Antimony. 

17.  Sesquioxide  of  antimony  may  be  obtained  by  ex- 
g  the  metal  to  heat  with'  access  of  air;  by  moderately 
ing  the  sulphide;  or  by  subjecting  the  sesquichloride 
ater,  in  which  case  a  powder  precipitates,  called 
T  of  Algaroth^  from  the  name  of  the  physician  who 
•ecomraended  it  to  public  attention.     This  powder, 

an  oxychloride^  by  digestion  with  the  carbonate  of 
h,  is  converted  into  the  sesquioxide.  It  may  also  be 
ned  by  the  reaction  of  the  metal  with  diluted  nitric 
afterwards  repeatedly  digesting  the  resulting  subsalt 
iter,  until  this  liquid  no  longer  reddens  Utmus.  In 
»rm  in  which  the  sesquioxide  is  obtained  by  heat  and 
.  received  formerly  the  name  of  argentine  jlowers  of 
yny.  When  obtained  from  the  oxychloride,  the  ses- 
ide  has  a  tinge  of  gray.     If  the  sesquioxide,  as  pro- 

by  the  last  mentioned  method,  be  heated,  it  takes 
nd  is  converted  into  antimonious  acid. 

18.  Sulphuric  acid,  when  cold  or  diluted,  does  not  re- 
ith  antimony,  but,  when  warm  and  concentrated,  is 
iBjr  decomposed,  evolving  sulphurous  acid,  and  form- 

seequioxide  of  the  metal,  with  which  the  undecom- 
acid  combines.    By  water  the  acid  may  be  for  the 

44 
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most  part  removed  from  this  sulphate,  so  as  to  cause  ij 

an  excess  of  oxide  so  great  as  to  render  it  compctcntj 

the  production  of  tartar  emetic,  by  digestion  with  the 

tartrate  of  potafli.    In  this  case,  the  excess  of  oxide  in! 

Eut|)liatc,  and  the  excess  of  acid  in  tlic  biturtrnte,  oM 

converting  the  latter  salt  into  the  double  tartrate  of -J 

ash  and  antimony,  or  tartar  emetic.  ■" 

1019.  The  sesquioxide  acts  feebly  both  as  aji  acid  UN 

base.     Combined  with  bitarlratc  of  potasli,  it  constit^ 

tartar  emetic,  and  is  the  only  compound  of  antimony  1] 

oxygen,  which  is  considered  as  medicinal.*  ^ 

J  ^20.  Tartar  emetic  may  be  considered  as  coDsiBtini 

Two  equivalents  of  tartaric  acid,  66  x  2  ™j 

One  of  sesquioxide  of  antimony,  J 

One  of  potash,  \ 

Two  of  water,  9x2-1 


Of  the  Ccmpoundii  of  Antimony  with    Oxygen,  of  infmor  iapMfl 
tncdirinally.  3 

1D21.  Anlimonioua  acid  is  generated  by  digesting  antimomr  in  ■ 
aciJ,  evniKiraling  llie  liquid  to  dryness,  and  caldniog  the  rmiIm    ~' 
lliOTOUghiy  roasting  the  3u1phid<i  of  antimony  wilh  ac(X*t  of  air. 
nious  acid  is  white,  laatelcae,  infUsiblei  fixed,  indectimpotiable  Igr  ht 
insoluble  in  water, 

I9i2.  When  nitric  ncid  is  added  to  a  solution  of  tlie  t 
potash,  the  anlimonious  acid  is  precipitated  in  the  slalc  of  hyilai^    i*<l 
stale  it  reddens  litmus  jiaper. 

1933.  Anhgdrout  antinKmic  aeid  is  obtained  by  subjecting  tlnBEn 
ride  to  the  action  of  nitric  acid,  and  afterwards  exjxistng  th«  rowilfiii^W 
to  a  temperature  of  500°  or  GOO",  to  expel  any  excess  of  this  tta^  Wf 
Angmting  the  melal  with  four  ttmea  its  weight  of  nitre,  dissolvinff  n  ^ 
tlie  resulting  mass,  and  nderwards  adding  nitric  acid,  which  cocnnMI| 
the  alkali,  ki/drouM  antimonic  acid  is  also  procured.  ' 

1924.  Anhydrous  antimonic  acid  is  yellow,  (aateleas,  aad  ioaotaHl 
water.  When  hydrous,  it  is  while,  and  has  the  prt^erty  of  ratti 
litmus.  ^ 

1935.  Josl  at  ihe  moment  when  certain  anlimoniies  and  aatiaadS 
subjocled  to  a  low  red-heal,  lose  their  water ofcryslallizatioii,  they  ^l^ 
to  a  transient  light,  as  vivid  as  would  result  from  a  true  coinbuMioa.  ^ 

*  In  the  lut  pditinn  of  thJa  work,  I  quoled,  ( 
article  prvtiouiljt  publx>h«d  by  Dr.  B*r.iu>.  in  the 
Hadieina.    Thi>  irlirlo  I  •hafl  not  inlnxloce  inl 

rtimprioi,  hu  bc?n  eiica  in  iKe  Uoiu 
'■-'-•■    -■-■'   -• "cafll 

■  choic*  Ubnrjr  dTd 
nadioal  knowftdf*. 
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Ihey  iMte  ia  oc  no  change  in  weight    Their  odour  is  rendered 

kiighler,  end  they  become  ien  sosoeptible  ofdeootoposition  by  acids.    Tliii 
neult  cMoes  oyedally  with  the  antimooiates  oicapjper^  cobalt,  And  zinc. 

1920.  The  reaction  of  diluted  nitric  acid  with  antimooy,  is  quite  analo- 
gous to  that  already  described  m  the  case  of  bismuth.  According  to  Ber- 
aeUoi^  a  mhiiitralie  results,  which  may  be  decomposed  by  water  as  already 
Mated,  and  converted  into  a  hydratad  sesquioxide.  ButThenard  infbnns 
ai  that,  if  this  metal  be  subjected  to  nitric  add,  it  is  converted  into  hydrous 
asrimonioDs  acid  facide  antimonieuz  b!anc  et  hydrat^).  Possibly  the  dif* 
Jbeooe  may  arise  uom  the  acid  being  in  one  case  concentrated,  in  the  other 


Cf  the  CompowndM  cf  AMdmaii§  vAA  tke  Halogen  CUu»* 

1927.  Sempdekhride  ofanUmany  may  be  obtained,  as  Thenard  alleges, 
U  distilling  the  metal  with  the  bichloride  of  mercury;  also  by^  reaction 
SI  aqua  rqpa  with  metallic  antimony,  and  subsequent  distulation  of  the 
tesnltiDg  li^id,  collecting  the  product  in  a  fiesh  reomer  when  it  becomes 
oleagiDoas  m  its  consistency.  He  recommends  as  |>referable,  however, 
the  action  of  chlorohydric  acid  on  the  seBqnisulphide  with  heat,  allowing 
the  solphy&ric  acui  gas  to  escape  into  the  fire.  The  resulting  liquid  is  to 
be  decanled,  and  concentrated  by  heat  in  a  retort,  until  it  acquires  an 
finiflini Willi  consistency. 

1M8.  The  sesquichloride  has  been  designated  as  the  butter  efwiUiwumji. 
h  m  white,  senitransparent,  very  caustic,  fusible  below  a  boiling  heat,  and 
srystailizaUB  in  tetrahedrons  by  refrigeration.  It  is  volatile  at  a  heat  be- 
dow  redness,  and  deliquescent,  so  as  to  be  liquefied  by  exposure  to  air«  It 
has  alreaihr  been  mentioned,  that  by  subjecting  this  chloride  to  oo[hous 
afiluaioiis  of  water,  (eight  times  its  weight,  accoitling  to  Thenard)  an  oxy- 
cbloride  results,  formerly  called  the  powder  of  Algoroth. 

1929.  Bichloride  of  antimony ^  agreeably  to  the  last  mentioned  author, 
sxists  only  in  combination  with  chlorohydric  acid. 

19d0.  Perehloride  ofaniimony  is  formed  by  the  combustion  of  the  metal 
in  cUorine.  It  is  a  yellow  liquid,  sending  forth  thick  fumes  into  the  air, 
with  a  strong  and  disagreeable  smell.  It  attracts  moisture,  and  is,  in  con- 
eeqnence,  at  first  converted  into  a  white  crystalline  mass,  but  afterwards 
liquefied  by  a  further  accession  of  humidity.  Yet  by  exposure  to  a  large 
quantity  of  water  with  heat,  it  is  decomposed,  and  deposits  hydrous  anti- 
Donic  acid.  This  process  is  recommended  as  the  best  for  obtaining  this 
eoDipound. 

Cff  the  Compounds  of  Antimony  with  Sulphur  and  Selenium* 

1031.  It  has  been  stated  that  antimony  is  procured  principally  from  the 
aesquisulphide,  which  is  found  in  the  shops  under  the  name  of  anti' 
J,  the  metal  being  distinguished  as  the  regulue. 

1992.  Sesquieulphide  if  antimony  may  be  formed  from  its  ingredients, 
fay  hnting  the  metal  in  a  state  of  division  with  sulphur.  It  is  more  fusible 
tnan  aiBtallic  antimony,  is  crystalline  in  texture,  has  a  metallic  lustre,  and 
a  HnMlgiiij  colour.  It  may  act  either  as  a  sulphacid,  or  as  a  sulphobase. 
With  thi  sulphides  of  the  alkalifiable  metals  it  forms  compounds  which  may 
be  deswaated  as  hyposulphantimonites. 

lM£^The  aesquisulphide  and  sesquioxide  of  antimony  enter  into  com- 
Unalion  with  each  other  in  different  proportions,  forming  compounds  which 
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must  be  called  oxysulphidrs,  coiuistcntly  with  ihc  nomenclBturc  Adopted  in 
the  case  oC  the  aaalogou§  compuiindit  of  oxides  with  chloride*. 

19:14.  When  the  sesquisulphidc  of  anlintony  is  roa.M<^,  in  edhrr  woidt 
exposed  to  heat  with  access  of  air,  it  becomes  more  nr  Irw  rsidiflol, 
cording  lo  the  durntioD  of  the  exposum,  the  degree  of  hmi,  and  ibc  fup 
of  air.  If,  a^er  the  roasting  has  conlinued  Tor  some  tinir,  thr  tctnpouaK 
be  raised  so  as  lo  Aiao  the  moss,  n  vitreous  compound  will  result,  IbE  ot 
position  of  which  will  vary  accordiog  lo  the  ratio  of  ihc  oxide  tollic* 
pbide,  at  tho  time  of  cficcting  the  fusion.  Arcordinf;  to  TboinsaD,wl 
the  ratio  of  the  former  to  the  latter  is  os  livo  to  one,  ibc  compotind  ka* 
name  of  crocut  of  antimony ;  when  the  ratio  is  as  three  to  one,  il  I 
been  called  liver  of  antimony.  This  name,  however,  is  given  by  HetBJ 
to  a  coRipound  of  the  sulphides  of  antimony,  with  the  sulphide  of  pd 
slum  or  sulphide  of  sodium. 

I9>1fi.  If  tho  sulphide  of  antimony,  instead  of  being  pourod  out  ata 
OS  il  is  melted,  be  kept  for  a  greet  length  of  time  in  a  slnle  of  fasioii  a 
earthen  crucible,  it  derives  a  portion  of  oxide  of  iron  and  silicic  acid  G 
the  crucible,  and  thus  farms  a  transparent  moss  of  a  yellow-hyacadi 
lour,  commonly  called  the  glata  of  antimony.  This  gloss,  occoidiiB  li 
Thenard,  is  a  mixture  of  oxysulpfaide  of  antimony,  willi  llic  mlicatM  OMi^ 
timony  and  iron. 

WM.  By  tho  reaction  of  the  scsquisulphide  of  aalimony  with  tb»i 
lies,  either  caustic  or  carbonated,  and  either  in  ihc  net  or  dry  way,  S' 

Clicated  reaclion  ensues,  by  which  the  antimouy  of  the  sulphide  it  m 
las  oxidized,  iho  metal  of  the  alkali  tnore  or  less  sulphuritcd;  wldtlk 
TEsidual  sulphide  of  antimony,  acting  as  a  sulphacid,  combines  mar*  or ' 
with  lite  resulting  sulphobase  of  the  alkatifiable  metal. 

1937.  The  extent  to  which  Ihc  sesquisulphide,  In  the  resulliBg  nl) 
salt,  can  be  retained  by  the  sulphobase  in  an  aqueous  solution,  f]-ran 
pendent  upon  temperature.     Hence,  whether  tbe  sulphosalt  be  predaarf  '» 
the  dry  way  and  dissolved  in  hot  water,  or  be  generated  bv  boiling  Ik  b- 
gredienis  in  this  liquid,  the  sesquisulphide  prccipitalcs  by  refri^;eiBW» 

1 R39.  Tbe  precipitate  thus  obtained,  under  ihc  name  of  kenmt  wntnl, 
was  so  much  in  vogue  in  Prance,  about  a  century  ago,  as  to  industbe 
vemment  of  that  country  to  purchase  from  a  surgeon  of  (he  name  of 
Ligerie,  the  art  of  prepnring  it. 

1939.  Thenard  alleges  that  il  appears  from  the  analysis  of  Heaiy.iN 
that  tbe  composition  of  kermes  varies  according  lo  tbe  process  en^Ofd 
for  its  production.  When  prepared  by  boiling  the  sesquisulphide  in  aali- 
tion  of  rarhonate  of  potnsh  or  sodn,  kermes  may  be  considered  ai  a  ^' 
dratcd  oxysulphide;  but  when  procured  by  boiling  the  scsquisulphidt a  > 
solution  of  camtie  potash  or  soda,  or  by  fution  wilh  them  or  their  enh*- 
Btes,  and  subsequent  solution  in  hot  water,  il  is  a  hydrated  Mtsqoiaif^kUl 
containing  very  little  if  any  oxide.  As  obtained  by  precipitatioo  froaMii 
emetic  by  sulpbydric  acid,  it  is  a  pure  hydrated  sesquisulphide^  Atntt 
kermes  has  precipitated,  a  portion  of  the  sesquisulphide  still  irnni' 
union  wilh  tbe  sulpbobase.  Hence,  on  the  addiiioa  of  an  acid,  ■  fwte 
precipilalion  takes  place,  both  of  the  sesquisulphide  of  antimony,  aad  At 
sulphur  af  the  Bulphobasc;  and  tbeee,  either  by  combiimtiun  or  uu  " 
constitute  the  golden  gulphur  of  antimony,  another  well  kovwo  ph 
ceutical  preparalion. 

1940.  According  to  the  analysis  of  Henry,  Jr.|  as  quoted  by  TbCMvi 
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txnfotUon  of  kenn^iy  when  obtained  in  the  wet  way  by  carbonate  of 
isailbQows: 

Seiqiii8ul|diide  of  antinxmyy  -  -  62.5 

SetquioxUb  of  antimonyi       ...  27«4 

Water,  .....  lO 

Soda,  .....  a  trace* 

il.  Upon  the  whole  it  is  inferred  that  the  aeequimlphidet  in  predpi« 
I  by  TCuigeration  as  abovementioned,  combines  with  water  in  all  cases; 
hat  when  the  process  is  conducted  in  the  wet  way  by  means  of  a  car* 
ed  alkaline  solutiony  the  precipitating  hycbrated  sesgrnsulphide  combines 
the  sesquiozidey  forming  an  oxysulphide.  The  presence  of  ^r^^mig 
in  union  with  the  alkali  is  leqriusite,  in  order  to  enable  the  menstruum 
m  and  dissolye  while  hot,  a  double  carbonate  of  the  alkali  and  sesqui* 
i.  Hie  latter,  being  thus  taken  up  by  the  aid  of  heat,  subsequently, 
mpttjpmcfi  of  the  refrigeraticm  and  its  affinity  ior  the  hydmled  ses- 
JpkKk^luecipitates  in  combination  with  this  sulphide,  as  ahready  men* 
!• 

I8»  Ife  officinal  preparation,  called  pr6d|»lalei2  jdfpftii^ 
lined  b^  adding  diluted  sulphuric  add  to  a  solution  of  the  sesquisul- 
of  antimony  in  a  hot  solution  of  caustic  potash.    A  precipitate  re- 
v^ich  nrnj  he  considered  as  a  mixture  of  kermes  mineial  and  golden 
or  of  antunonv. 

kS.  Bwifkiae  of  antimany  is  obtained,  according*  to  Thomson,  by 
vine  aiMDonious  acid  in  chlorohydric  add,  and  subjecting  the  result* 
quid  to  snl^pfaydric  acid.  I  infer  that  four  atoms  of  chloroNqrdric  add, 
I  oo  two  attrnas  of  antimony,  in  union  with  four  atomp  of  OKymi,  will 
iwhictife  of  a  bichloride,  and  that  this  will  be  converted  into  a  bisulphide 
action  with  the  sulphydric  add. 

§4.  The  bisulphide,  being  resolvable  into  the  sesquisulphide  and  sul- 
by  heat,  cannot  be  produced  by  the  fusion  of  its  constituents.  It  ii  of 
snge-ied  colour,  and  acts  as  a  sulphadd. 

k5.  Pertuiphide  of  antif/umy  is  obtained  by  passing  sulphydric  acid 
^  a  dihiled  solution  of  the  perchloride  of  this  metal,  to  which  tartaric 
bas  previously  been  added.  Its  colour  resembles  that  of  the  bisulphide, 
;h  somewhat  paler. 

1^  The  selenide  of  antimony  is  obtained  by  heating  this  metal  with 
like  the  sulphide,  it  is  capable  of  entering  into  combination  with 


Experimental  Illustrations* 

147.  Antimony  and  its  sulphide,  exhibited,  and  exposed 
te  Mowpipe:  also,  the  crystals  and  solution  of  tartar 
tic*  Kermes  mineral,  golden  sulphur,  and  precipitated 
hnet  of  antimony,  exhibited.  Antimony,  subjected  to 
8.  Kennes  mineral,  precipitated  from  a  solution  of 
ir  onetic  by  sulphydric  acid. 
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SECTION  xm. 


OF  METALS  PROPER  OF  MINOR  IMPORTANCE. 

OF  PALLADIUM. 

104S.  Besides  iron,  cu|i]>or,  uiid  leoil,  Tour  roefnli,  pulluilium,  iludi 
iridiuin,  and  osmiuro,  aiv  found  in  union  with,  or  acooinpauyiiig  then 
groins  of  plalinuni,  as  imporied  from  South  America.  According, 
portion  of  that  &s:$einbiage  of  inelullic  particles,  uf  wliich  the  Dativepni 
of  plnliniim  above  mentions!  form  tho  principal  inn,  bo  digested  ill¥fK 
rcgia,  the  plsiinum,  togetlier  with  the  palludium,  rliodium,  copper,  andWi 
will  be  dissolved;  while  a  black  powder  wilt  be  lei),  consisljag  of 
and  iridium  in  combination  with  each  other. 

1049.  The  platinum  having  been  precipitated  from  this  suluiioa  (ISA 
by  tho  chloride  of  ammonium,  any  palladium  which  it  may  cimtaoi)  IJ* 
all  of  the  other  noble  melnis  which  mny  be  present,  may  lie  pr?ci|iil>ieJh 


n  bright  plate  of  zinc.  The  resulting  precipitate,  afler  being  digaMd  !■ 
chlorohydric  acid  and  washed  with  water,  should  be  rodissolveo  in  aquil^ 
Any  excess  of  ncid  should  be  neutralized  by  carbonate  of  smln.     rHni 


chlorohydric  acid  and  washed  with  water,  should  be  rodissolvet 
Any  excess  of  ncid  should  be  neutralized  by  carbonate  of  so 
neutralized  solution  the  palladium  may  be  thrown  down  by  a  solution  oTI 
anide  of  mercury  whlcli  yields  its  cyanogen  to  the  palladium.     An  it 
bie  cyanide  of  palladium,  being  thus  formed,  precipitates.     Bjr  ikeadJ 
hcftt  this  precipitDio  is  decomposed,  the  cyanogen  is  expelled,  ui  Ike 
metnl  is  isokteil. 

lOflO.  Mr.  Cloud,  of  the  United  Stales' mint,  found  this  metal  inoH 
alloy  of  gold  which  was  brought  from  Brazil. 

igSl.  The  i^lour  of  palladium  amNuirs  to  me  to  have  a  miooie  depM 
of  tendency  towards  the  rosy  hue  of  bismuth,  not  being  i^toK  to  ptb  ' 
platinum,  which  it  otherwise  much  resembles  in  appearance.  It  b  hn*" 
morr  fusible,  rather  harder,  and  more  elastic.  Its  specific  gnHTiy.  •'*'■ 
much  less,  being  about  11.5.  It  is  malleable  and  ductile,  and  iiuuMfiti^ 
oroxidizement  by  heat  and  air. 

OF  RHODIUM. 

1962.  Afler  the  palladium  has  been  precipitated,  the  solulioo 
chloracids  of  rhodium,  mercury,  and  several  otlicr  metals,  uni. 
chloride  (or  chlorobase)  of  sodium,  resulting  from  the  carbotwie  efa^ 
employed  as  sbovcmentioned  to  neutralize  the  excess  of  acid.  T'  " 
is  likewise  present  a  portion  of  tlie  undccompoeed  bicyanide  af 
cury.  Under  these  circumstances,  chlorohydric  acid  must  be  ntt 
order  to  convert  this  bvcyanido  into  a  bichloride,  and  tl>e  aoliHiaa  i 
wards  must  be  evaporated  to  dryness.  The  resulting  mass  should  A 
wa«hcd  with  alcohol,  which  dissolves  nil  the  cblorosalts  of  sodinm  pp 
except  the  chbrhodinte.  Rhodiu-m  is  oblaitied  from  this  by  hcMiftg  ilkK 
current  of  hydrogen,  which  removes  tho  chlorine  combined  widi  tba  ■  "  ' 
tho  chloride  of  sodium  being  removed  by  water. 

19Si<.  Kkoditim.  according  to  Ber/elius,  cannot  bo  fused,  otoept  hf 
jecting  it,  when  in  the  etatc  of  a  sulphide  or  arseniuret,  to  an  int(.-fHe  ' 
AAer  (bsion,  it  rrsrmbloi  pintimim  in  appcnmnce-.  Its  ealti  arc  gen 
cither  r«i  or  yellow.    It  is  named  from  its  chloride,  which  b  rooe-raU. 
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OF  IRIDIUM. 

954.  When  the  black  powder,  conmsting  of  the  osmiuret  of  iridiuniy 
ch  reomins  as  above  stated,  after  we  have  subjected  the  crude  grains  of 
iuum  to  aqua  ragia,  is  heated  with  soda,  an  osmiate  of  soda  is  formed, 
ch  may  be  removed  by  dissolving  it  in  water*  The  remaining  mass  is 
e  treated  with  aqua  regie,  in  which  the  iridium,  converted  into  a  chlo- 
,  dissolves.  By  repeating  this  process,  the  whole  is  finally  convert^ 
solutions  of  chloride  of  iridium,  and  of  osmiate  of  soda. 
M^.  From  the  former,  crystals  of  the  chloride  of  iridium  may  be  ob- 
m!  by  eviqpoiation,  which,  on  exposure  to  a  strong  heat,  yield  metallic 
urn. 

d66*  hidium  resembles  platinum  in  appearance,  and  is  probably,  ao- 
in^  tp  Thomson,  the  heaviest  of  the  metals.  When  heated  in  con- 
with  air  nearly  to  redness  it  is  oxidized,  but  on  the  anpltcatioa  of  a 
ler  temperature  it  is  again  restored  to  the  metallic  state,  llienard,  how- 
r,  stalesi  that  iridium  which  has  been  subjected  to  a  strong  heat,  is  abso- 
ly  nMOioeptible  of  oxidizemrat  by  the  air  at  anyi  temperature. 
M7.  bidium  is  said  to  be  the  most  refractory  of  the  metals,  having 
er  been  fused  untfl  it  was  placed  between  the  poles  of  Children's  Ian» 
muc  batterr.  It  was  then  converted  intoa  globule,  possessing  metalfic 
ieaesa  and  lustre. 

OF  OSMIUM. 

958.  Onne  add  may  be  obtained  by  distilling  the  solution  of  osmiate 
loda,  prooored  as  above  described,  with  nitric  add  at  a  gentle  heat. 
i  osmic  add  passes  over,  and  may  aflerwards  be  reduced  by  the  addi- 
^lorobydiic  acid  and  mercury,  ft  is,  however,  alloyed  with  mercury, 
I  mingled  with  the  chloride  of  this  metal.  These  may  be  sublimed  by  a 
He  heat,  leaving  pure  metallic  osmium. 

059.  Osmium  obtained  in  this  way,  is  of  a  grayish-black  colour ;  but 
portion  of  the  volatilized  oxide  be  made  to  pass  with  a  current  of  hydro- 
through  a  glass  tube,  the  osmium  is  deposited  in  the  form  of  a  rine  of 
alUc  brilliancy,  and  of  a  white  colour.  It  is  so  difficult  to  fuse  in  close 
sels,  and  so  liable  to  be  volatilized  when  heated  in  the  air,  that  it  has 
y  been  obtained  in  powder,  or  in  minute  friable  masses.  Its  volatility 
he  air  arises  from  its  great  susceptibility  of  oxidizement,  and  the  vola- 
y  of  its  oxide,  the  fumes  of  which  are  pungent. 

OF  NICKEL. 

060*  A  mineral  had  been  known  to  the  German  miners  by  the  name 
nipfer  nickel,  or  false  copper.  About  the  middle  of  the  last  century, 
Brtedt  alleged  the  existence,  in  this  mineral,  of  a  peculiar  metal.  Never- 
BM,  the  metal,  thus  indicated,  was  considered  by  many  chemists  as  an 
y  of  copper  with  iron.  About  1775,  Bergmann  confirmed,  by  an 
Syib,  the  allegation  of  Cronstedt.  » 

L981.  Kujtfer  nickel  is  principally  an  arseniuret  of  nickel,  but  contains, 
>i  n^ur,  iron,  cobalt,  and  copper.  Nickel  is  extricated  from  it  by  a 
ions  and  intricate  process. 

[96SL  Nickel  is  of  a  white  colour,  difficult  effusion,  malleable  and  not  casi- 
TT«*<— ^  by  the  air.  It  is  so  susceptible  of  the  magnetic  influence  that  a 
■UMOt  magnet  may  be  made  of  it.  If  suffidently  abundant,  nickel 
M  be  very  valuable  in  the  arts.    A  white  alloy  of  this  metal  with  cop- 
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per,  had  long  been  known  in  China,  under  the  name  of  pacldbng.  Of  Irti 
this  alloy  has  been  brought  into  use  in  Europe,  under  the  name  of  ai|eB> 
tanc  or  German  silver.  It  serves  for  pencil  cases  and  many  analogHi 
uses  nearly  as  well  as  silver.  It  combines  with  oxygen,  chlorine,  iote, 
cyanogen,  sulphur,  and  the  metals.  Its  oxides  are  soluble  intheaciiii 
and  in  their  habitudes  are  much  like  those  of  copper.  The  solubility  of  in 
protoxide  in  caustic  ammonia,  is  an  important  means  of  separating  nicM 
from  its  alloys. 

OF  CADMIUM. 

■ 

1963.  This  metal  has  been  derived  only  from  the  ores  of  zinc  Dnf 
the  reduction  of  calamine,  a  substance  sublimes  which  yields  from  13  toil 
per  cent,  of  cadmium. 

1964.  A  solution  of  the  ore  in  sulphuric  ackl,  being  impregnated  vilh 
sulphydric  add,  the  cadmium  precipitates  in  the  state  of  sulplude,  mmi 
with  a  little  sulphide  of  zinc,  and  sometimes  with  sulphkle  of  copper.  Vhi 
these  sulphides  arc  exposed  to  chlorohydric  add,  the  sulphur  unites  vil 
the  hydrogen  of  the  acid  and  escapes,  and  they  are  converted  into  cMoiiii 
Carbonate  of  ammonia  being  added  to  the  resulting  solution  of 
and  zinc,  a  carbonate  of  cadmium  is  alone  predpitated.  Prom  tbii» 
metal  may  be  obtained  by  means  of  heat  and  charcoal. 

1965.  Cadmium  is  almost  as  white  as  tin,  is  without  odour  or 
very  brilliant,  and  susceptible  of  a  fine  polish.     It  is  crystallizable, 
ble,  and  ductile,  and  so  soA  as  to  yield  easily  to  a  file  or  knife.    Its 
gravity  is  8.6  nearly.     It  is  too  scarce  to  be  usefully  applied.     It  fuMapd 
volatilizes  at  a  very  low  temperature. 

OF  CHROMIUM. 

1966.  This  metal  is  found  in  nature  only  in  the  state  of  an  add  aad  of 
an  oxide,  generally  united  with  lead  or  iron,  though  in  some  !■>#■—«■  pom 
It  was  in  the  native  chromate  of  lead,  found  usually  in  crystals  which  nW 
the  ruby  in  colour,  that  this  metal  was  discovered  by  V'nuquelio.  A  com- 
pound of  the  scsquioxidcs  of  chromium  and  iron,  called  incoriedly  chro- 
mate of  iron,  is  found  plentifully  in  this  country.  The  sesquioxide  of  chro- 
mium, when  intensely  heated  with  charcoal,  is  reiluced,  but  not  wilhoul 
great  difficulty. 

1967.  The  presence  of  chn)mium  in  a  mineral  may  \rc  detecfod  br  tbf 
fusion  of  a  minute  portion  Ixjfore  the  bl()\vi)i|>e  with  Ijorax,  or  prrlVribhr. 
with  the  aminoniacal  phosj)hate  of  soda.  In  this  way,  a  «jlolnile  of  a  beiati- 
ful  emerald  ji^reen  results,  which  preserves  its  c(>knir  eitlirr  in  the  oxidiiutfi 
or  nnlucing  flame.  Hy  these  charact«Tistics  it  may  \iv  distinguished  froa 
copper  or  uranium;  since  uranium  corninunicates  a  gn^'n  hue  only  inthr 
reducing  flame,  copper  only  in  the  oxidizinij  flame. 

11>68.  Chromium  is  a  hard,  brittle  uM'tal,  of  a  grayish-white  colour,  as' 
vciy  (lilficult  to  fuse.  Its  specific  gravity  is  5.9.  Its  e«jiiivah»nt  is  tW,  h 
forms  with  oxyi^'en  a  s<\sqiii()xi(ie  and  an  a<Md.  The  com}>ound,  h'TPfofcr 
considered  as  a  deutuxide,  proves  to  Wi  a  mixture  of  st»s(piio\idc  antJ  rhr> 
mic  acid. 

1969.  The  sesqvioxide.  of  chromium  is  easily  obtained  by  ex|>osinsifcp 
chromate  of'  mercury  to  heat,  by  whi(*h  the  mercurial  oxide  and  a  pmtii* 
of  the  oxyg^'nofthe  acid  are  exjx'lled,  while?  the  sesquioxide  remains  in  ibf 
form  of  a  grass-gnx»n  powder.  It  may  also  be  obtained'in  the  state  rt" 
hydrate,  by  mixing  solutions  of  the  biciiromatc  of  potash,  and  pcrsuiphA 
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:»iuin.  This  sesquioxide  is  of  a  beautiful  green  colour,  which  it 
Dicates  to  some  of  its  compounds,  being  in  fact  the  colouring  matter 
sraemld.  It  appears  to  act  both  as  an  acid  and  a  base. 
K  In  oommon  with  ziroonia  and  oxide  of  titanium,  the  sesquioxide 
•niam,  when  obtained  from  the  hydrate  by  expelling  the  water  by  a 
leat,  becomes  incandescent  at  a  certain  elevation  of  temperature,  in 
which  is  altogether  unaccountable.  At  the  same  time  it  loses  its 
f  of  solubility  in  acids  which  it  before  poenessed. 

•  Chrome  acid  may  be  procured  by  the  following  process : — Let 
rts  of  the  chromate  of  lead  be  mixed  with  three  parts  of  fluoride  of 
,  both  finely  pulverized.  Then  let  five  parts  of  sulphuric  acid,  de- 
>f  water  as  far  as  possible  by  boiling,  be  added,  and  let  the  whole 
Jed  in  a  leaded  or  platinum  alembic  at  a  gentle  heat.  A  red  gas 
developed,  producing  in  the  air  yellow  fumes.     This  red  gas  is  a 

of  chromium,  which,  on  being  passed  into  water,  is  converted  into 
no  and  chromic  acids.  The  former  may  be  expelled  by  evapora- 
e  chiomic  acid  remaining  in  a  state  of  purity. 
!•  If^  instead  of  causing  the  caseous  fluoride  of  chromium  to  enter 
k  be  conducted  by  means  of  a  tube  into  a  receptacle  of  platinum, 
nth  moistened  paper,  and  having  a  small  quantity  of  water  at  the 

the  gas  will  be  decomposed  by  the  aqueous  vapour,  mingled  with 
>f  the  vessel,  and  will  depositc  first  about  the  mouth  of  the  tube,  and 
rds  throughout  the  vessel,  a  flocky  vegetation,  consisting  of  ruby- 
stals  of  chromic  acid. 

•  Chromic  acid  is  solid,  soluble  in  water,  and  capable  of  reddening 
It  is  decomposed  by  heat,  and  by  most  substances  which  possess 

lity  for  oxygen.  It  possesses  an  acid  and  astringent  taste,  and  a 
d  colour,  which  it  communicates  to  some  of  its  compounds,  as  al- 
loticed  in  the  case  of  native  chromate  of  lead.  It  forms  striking  and 
1  precipitates  with  various  metals.  That  which  it  produces  with 
of  a  splendid  orange-yellow,  and  is  much  used  as  a  pigment.  The 
rf*  the  streak  left  by  the  red  crystals  above  described,  when  rubbed 
hard  surface,  is  likewise  orange-yellow ;  and  the  same  change  en- 
m  pulverization.  The  bichromate  of  potash  is  poisonous,  and  no 
le  add  and  its  compounds  are  generally  poisons.  Chromic  acid 
a  stain  upon  the  skin  which  cannot  be  removed  by  water,  unless  it 

an  alkali.  Where  there  is  any  abrasion  of  the  cuticle,  the  presence 
add  will  induce  a  painful  ulcer.  Hence  the  sores  to  which  dyers 
O0ed  who  employ  bichromate  of  potash  as  a  dye-stuff.  These  sores 
en  alleged  to  arise  even  from  exposure  to  the  vapours  or  fumes  of 
d*  When  received  into  the  stomach,  chromic  acid  is  a  virulent 
Dr.  Ducatel  informs  us  of  the  case  of  a  labourer  who  died  in  five 
ifler  drawing  into  his  mouth  from  a  syphon,  a  solution  of  bichromate 
sh ;  although  he  was  under  the  impression  that,  by  spitting,  he  had 

taking  it  into  his  stomach. 

.  Dr.  Ducatel  suggests  an  alkaline  solution  as  the  best  antidote  for  this 
us  salt ;  as  he  ascribes  its  activity  mainly  to  the  excess  of  acid.  An 
5  of  a  criminal  prosecution  for  poisoning  by  this  bichromate,  is  men- 
which  fiuled  from  that  ignorance  of  its  deleterious  properties  which 
niBl's  communication  must  tend  to  correct.* 

Jovnal  of  the  Philadelphia  Collego  of  Phamiacy)  for  January,  1634,  page 
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OF  COBALT. 


1H75.  ThJa  mclnl  is  fouod  in  nalure,  principBlly  in  union  whli  • 
By  the  exposure  of  iho  mineral,  ihus  coataining  it,  to  heal,  with  aeeani 
air,  tlte  srsenic  is  oxidized  end  expelled,  and  the  cobalt  is  rnlucvtl  toiW 
■tnto  of  (in  impure  oxide,  called  lojfre.  By  fusion  wiili  tlw?  alkali 
Kind,  xaffro  yioidd  ■  beautiful  blue  glass,  whirh,  when  pulverizal,  b 
the  blue  viin-'ous  powder  called  mutlt. 

1976.  Cobalt  may  be  obtnincd  from  its  oxide,  by  inteiine  igiuii««idi 
charcoal,  or  by  aubjocling  it,  while  ignited  in  a  porcelsin  tub«,  to  k  amnat 
of  hydrogen. 

X977.  Cobalt  k  brittle,  of  a  gniyish-wliiie  colour,  and  feeble  lustn  tli 
qiecific  gravity  is  6.5  nearly.     It  re<]uirc9  a  high  tempcratun:  for  ila  fiatDOi 

OF  COLUMBIUM. 

1978.  A  mdal  discovered  by  Ilatchett,  in  1801,  in  a  mineral  oblud 
from  America,  received  the  name  of  eolumbium.  It  was  aflcrwarda  doetfJ 
by  Ekebcrg  in  two  Swedish  minerals,  called  taDtatilo  and  ytirutaiil^lr, 
aiid  being  suppo^  to  bo  a  new  tneiai,  was  called  lantalwm-  WiAAt 
afterwards  demonstrated  the  identity  of  lanlatum  with  columbium. 

]tf70.  Thia  metal  is  found  in  the  sinte  of  on  acid,  combined  citber  •* 
manganese  and  a  little  iron,  or  with  yitria.  Itoth  combiriutintui  an  m* 
rare.  It  may  be  roduccd  by  braling  the  nuocolumbaio  nf  poiamtm,* 
fluoride  of  columbium  and  potassium,  with  potassium. 

Ifl^O.  Colninbivm  ia  a  britlic  metal,  of  sta  iron-gray  cnlour,  bttT)ii|tto 
metallic  lustre.     It  ia  infusiblo  by  the  most  intense  heal  of  the  forge  te 

OF  MANGANESE. 

1991.  XangtoKK  exists  in  nature  principally  in  the  ilate  cf  a  ttek 
bioxide;  rarely  in  that  of  phosphate,  sometimes  in  tbo  stato  of  su^hide. 
The  utility  of  this  oxide,  as  a  source  of  oxygen  gas,  as  an  inBTwiimt  n* 
class,  and  as  one  of  tbe  agents  for  evolving  chlorine,  has  boen  txitionl.  (HX'j 
The  metal  is  oblnincd  by  heating  the  oxide  intensely  with  chueoal  or 
potassium.  It  is  gruy,  brittle,  hard,  and  scarcely  fusible  by  ih*  lughM 
heat  of  the  forge,  or  air  furnace.  In  the  metallic  state,  it  h««  not  bsB 
applied  la  any  useful  purpose. 

IttH-j.  Mat^anete  is  remarkable  for  the  number  of  eompoucdi  titiA  * 
Ibrms  with  oxygen.  Besides  a  protoxide,  scsquioxide,  and  bioxidt^  il  !■■> 
two  acids,  the  manganic,  and  oxymanganic  or  permanganic  odda-  At 
salts  of  the  latter  detonate  with  combustibles. 

I9Ha.  When  (he  black  oxide  (bioxide)  is  fused  with  nitrate  of  pc<Ml><* 
compound  results,  of  which  the  aqueous  solution  becomes  blue,  viiJM.  ui 
red,  and  finally  colourless.  Hence  this  compound  has  btxin  railed  AaM- 
Uon  mineral.  These  colours  appear  lo  bo  produced  by  tlio  convcniaB  4 
the  manganale  of  potash,  into  an  oxymangonate. 

OF  MOLYBDENUM. 
1084.  This  metal  is  only  found  in  the  flalc  of  sulphide,  rejieniUtag  pt^ 
bago,  or  united  with  oxygen  and  lesd  in  the  stato  of  molybdate  oflafc  ' 
From  the  sulphide  it  i*  obtained  by  ebullition  with  uitric  arid,  which  ttddtf* 
both  the  sulphur  and  metal.  Tlie  sulphuric  acid  being  nxpelled  bf  1h4^ 
the  molybdic  acid  is  decomposed  by  intenbo  ignition  witn  charcoaL         jiT 
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^85.  As  from  the  difficulty  of  fusing  it,  molybdenum  has  been  only 
ined  in  small  grains,  its  properties  are  but  little  known.  It  is  alleged 
xve  a  high  de^ee  of  metallic  lustre,  and  a  white  colour. 

OP  TITANIUM. 

160.  TUamum^  like  many  other  metals,  is  only  interesting  as  an  item 
e  knowledge  which  human  skill  and  assiduity  have  accumulated,  with 
9Ct  to  the  materials  of  the  globe  which  we  inhabit.  It  is  obtained  by 
"ating  the  oxide  from  the  substances  with  which  it  is  naturally  mixed, 
seating  it  intensely  with  charcoal. 

'87.  Titanium  was  first  ascertained  to  exist  in  the  state  of  oxide,  by 
!7regor,  in  a  mineral  called  menachanUe.  It  was  subsequently  detected 
e  metallic  state  by  Dr.  Wollaston,  in  minute  cubic  crystals,  in  the  slag 
d  at  the  bottom  of  a  smelting  fiimace. 

188.  These  crystals  were  conductors  of  electricity,  of  the  specific  gra- 
of  5.3,  and  hard  enough  to  scratch  rock  crystal.    In  colour  and  lustre, 
were  like  burnished  copper.     They  resisted  the  action  of  nitric  acid 
aqua  i^a,  but  were  oxidized  by  being  heated  with  nitre. 

OF  TUNGSTEN. 

169.  la  1781,  Scheele,  having  analysed  a  stone  known  by  the  name 

DgBteOt  or  heavy  stone,  concluded  that  it  consisted  of  an  acid  united 

lime.     Bergmann  suspected  the  radical  of  this  acid  to  be  metallic 

ITS.  D'Ettmyart  verified  his  conjecture,  by  heating  tungstic  acid  intensely 

charooaL 

>90.   T\mgiien  is  grayish-white,  brilliant,  and  extremely  difficult  to 
Its  spm&c  gravity  is  17.6. 

OF  URANIUM. 

^I.  Uranium  is  a  rare  production  in  nature,  and  has  scarcely  been 
I  in  sufficient  quantities  for  an  adequate  observation  of  its  properties. 
stated  to  have  the  metallic  lustre,  a  reddish-brown  colour,  to  be  crys- 
le  in  its  structure,  and  scarcely  susceptible  of  fusion  by  the  heat  of  a 
s  fire. 

OF  CERIUM. 

>92.  Ceriumj  according  to  Vauquclin,  who  was  unable  to  obtain  it  in 
les  lai^r  than  the  head  of  a  common  pin,  is  a  white  brittle  metal. 
1  some  experiments  made  by  Children  and  Thomson,  it  appears  to  be 
vpuMe  of  volatilization. 

OF  VANADIUM. 

193.  Vanadium  was  discovered,  in  1801,  by  Del  Rio,  in  a  lead  ore 
Zimapan,  in  Mexico ;  but  Collet  Descotils,  to  whom  the  mineral  was 

,  having  made  some  new  experiments  upon  it,  pronounced  it  to  be  an 

of  chromium.  Del  Rio  himself  having  acquiesced  in  this  opinion,  it 
generally  adopted  until  1830,  when  Sefstrom  discovered  this  metal 

D  ia  a  variety  of  Swedish  iron,  and  in  the  scoria  of  the  forge  at  which 

ifoo  kad  been  wrought. 

IM.  Vanadium  resembles  molybdenum  in  appearance;  and  in  its  pro- 

M  lies  between  that  metal  and  chromium. 
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Experim^rUtd  Illustrations. 
1995.  Exhibition  of  various  specimens  of  the  metih 
meDtioaed  ia  the  preceding  pages.  Magnetic  influeDceaf 
nickel,  demonstrated.  Solutions  of  silver,  mcrcury^,  and 
lead,  precipitated  by  chromate  of  potash.  Scsquionde  of 
chromium,  evolved  by  heating  the  chromate  of  nicmif7> 
Exhibition  of  the  fluoride  of  chromium.  Effects  of  co- 
balt, aJso  of  manganese,  upon  vitrified  borax. 
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1B96.  In  ray  preliminary  exposition  of  the  grounds  of  llw  daai 
and  nomenclature  adopted  in  this  work,  I  alleg^  ibo  word  sail  lo  I 
csptiblt)  of  any  delinilion  consistent  with  Ibo  use  made  of  il  Ly  Bar. 
A  ba»ia  of  nomenclature.  As  the  reader,  who  has  studica]  Ihin  worl 
as  to  have  reached  this  page  in  due  course,  eho'tld  haiw  aii^juired 
ledge  of  the  facts  upon  which  the  above  cited  allegation  wa.i  (bunded,  Iwfl 
here  quote  iho  language  iu  which  those  facts  were  stated,  luid  i  '  ' 
from  tbem  justificij. 

1997.  The  most  striking  fenturo  in  the  nomenclature  iif  ncmti(B,i*lht 
formation  of  two  classes  of  bodies;  one  class  called  '*  hal^gatt,"  tr 
producing,  because  they  are  concaved  to  produce  salts  dirmljrj  ifaa  ■■ 
called  "  amphigene,"  or  both  producing,  being  productive  both  of  aci^  Ml 
bases,  and  of  course  indirectly  of  sails.     To  render  this  divwooe'i^lsiit 
appears  to  me  tliat  the  terms  acid,  base,  and  salt,  should,  iu  tfaafiat  (boc, 
be  strictly  defined.     Unfonunalely  there  are  no  terms  ia  ui«,  mm '   "' 
vague,  and  unsettled  in  their  meaning.    Agreeably  to  the  coninHQ  t» 
lion,  chloride  of  sodium  is  pre-eminently  entitled  to  be  called  a  tall . 
in  common  parlance,  when  no  distinguishing  term  is  onncved,  hIi  ■  ttf 
name  of  that  chloride.     This  is  quite  reasonable,  as  it  is  well  koo«a 
the  genus  was  named  after  this  compound.     Other  subsunots,  bavii|  ia 
their  obvious  qualities  some  analogy  with  chloride  of  sodium,  wen,  tt  )■ 
early  period,  readily  admitted  to  be  species  of  the  same  genus;  tta,fi>i»' 
stance,  Glaufcer's  ealt,  Epsom  salt,  sal  ammoniac.     Yet  founding  thariifr 
tensions  upon  similitude  in  obvious  qualities,  few  of  the  subntanon  Miri 
aJts,  in  ll>e  broader  sense  of  the  name,  could  have  beoo  ndmittod  iMsAi 
claas.     Iniolublc  chlorides  have  evidently,  on  the  score  of  |iiii|w|lBi, 
Ijttta  claim  to  be  considered  as  salts,  ns  intolnhU  oxidt^a.     Luaa  eon 
plumbum  cornciim,  butter  of  antimony,  and  the  fuming  liquor  of  Ubuin 
are  the  apjielialiunH  given  respectively  to  chlorides  ofsilver,  lead,  and 
and  tin,  which  am  quite  aa  deficient  of  tlic  saline  cbarm-trr  as  th* 
Hponding  com|x)und!i  of  ilin  same  metal  with  oxygetj.     Kluoridr  of 
(tluor  apar)  is  as  unlike  a  salt  as  lime,  tlie  oxide  of  the  satne  mctkl.    Hi 
saline  quality  can  be  perceived  in  the  soluble  "  haloid  salts,"  ao  a  " 
Benchus,  while  free  from  water;  and  when  n  compound  of  ihia 
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stenedy  mea  hy  ccm  the  1        e,  it  mav  be  considered  as  a  salt 

led  of  SB  bydracKi  and  an  asyb  » luoduoed  by  a  unicm  of  the  hydro- 
of  the  water  with  the  balogeae  ;,  and  of  the  ozy^^  with  the 

cal*  It  is  admitted  by  Benodius, '  «,  page  380,  that  it  cannot  be 
toasbBted  that  the  elements  of  t  w)  *,  and  those  of  an  haloid  salt, 
dived  in  that  liqmd,  do  not  exist  n  t  of  an  hydracid  and  an  ozy* 

iylbmili^asaltby  their  ob?ioui   j     n. 

906.  On  the  other  hand,  if^  inst  of  qualities,  we  resort  to  eomposi* 
as  the  criterion  of  a  salt;  if^  at  m  some  of  tbe  most  respectable  che- 
d  treatises,  we  assume  that  the  word  salt  is  to  be  employed  only  to  de< 
ite  eompounds  consisting  of  a  base  united  with  an  acid,  we  exclude 
i  the  chss  chloride  of  s(^um,  and  all  other  **  haloid  salts,''  and  thus 
set  the  basis  of  the  diitinction  b^ween  *<  hahgent^  and  **ampkigtM?* 
leDta. 

\^99m  Moreover,  while  thus  excluding  from  the  class  <^  salts,'  substances 
sh  the  mass  of  mankind  will  still  consider  as  belonging  to  it,  we  assem* 
under  one  name  combinations  opposite  in  their  properties,  and^destitnte 
be  qoattke  usually  deemed  induspensable  to  the  daas.  Thus  under  the 
nilioa  that  every  compound  of  an  acid  and  a  base,  is  a  salt,  we  roust 
ch  lUs  name  to  marble,  gypsum,  felspar»  glass,  and  porcelain,  in  bom- 
I  willi  Epsom  salt,  Glauber's  salt,  vitndated  tartar,  pearlash,  Aec  Birt 
that  these  (Ejections  are  not  suflkient  to  denmistrate  tl»  absurd^ 
g  a  salt,  as  a  compound  of  an  acid  and  a  base,  of  what  use  could 
I  m,  fcnnitinn  he^  when,  as  I  have  premised,  it  is  quite  uncertain  what  is 
lead,  cr  vAst  is  a  base.  To  the  w<»rd  acid,  di&rent  meanings  have 
1  sttaohedat  difierent  periods.  The  original  characteristic  sourness  is 
ioof^  dssmeJ  essential !  Nor  is  the  eflfect  upon  vegetable  colours  treated 
in  mdhpsDHible  characteristic  And  as  respects  obvious  properties,  can 
re  be  a  greater  discordaocy,  than  that  which  exists  between  sulphuric 
if  and  lock  crystal ;  between  vinegar,  and  tannin ;  or  between  the  vola- 
»  odoriferous,  liquid  poison,  which  we  call  prussic  acid,  and  the  inodo- 
s,  inert,  concrete  material  for  candies,  called  margaric  acid  1 

000.  While  an  acid  is  defined  to  be  a  compound  capable  of  forming  a 
L  with  a  base,  a  base  is  defined  to  be  a  compound  that  will  form  a  salt 
h  an  acid.  Yet  a  salt  is  to  be  recognised  as  such,  by  being  a  compound 
the  add  and  base,  to  which,  as  I  have  stated,  it  is  made  an  essential 
m  of  recognition. 

900U  An  attempt  to  reconcile  the  definitions  of  acidity  given  by  Berze- 
t,  with  the  sense  in  which  he  uses  the  word  acid,  will,  in  my  apprehen- 

1,  increase  the  perplexity. 

(002.  It  is  aU^  in  his  Traits,  page  1,  Vol.  11.,  ''that  the  name  df 
i  is  given  to  nlicay  and  other  feeble  acids,  because  they  are  susceptible 
somhining  with  the  oxides  of  the  electropositive  metals^  that  is  to  say, 
h  mliiUMe  bases,  and  thus  to  produce  salts,  which  is  precisely  the 
smfsU  character  of  acids.^*  Again,  Vol.  I.,  page  808,  speaking  of  the 
bgnie  elements,  he  declares  that  '*  their  combinations  with  hydrogen,  are 
t  osjjy  acids,  but  belong  to  a  series  the  most  puissant  that  we  can  employ 
clMianlry ;  and  in  this  respect  they  rank  as  equals  with  the  strong^  of 
» neUh^  into  which  oxygen  enters  as  a  constituent  principle."  And  again, 
!•  ILf  fage  162,  when  treating  of  hydracids  formed  with  the  halogene 
Si^  In  alleges  ''  The  former  are  very  powerful  adds,  truly  acids,  and 
fMljf  like  the  oxacids;  but  they  do  not  combine  with  salifiable  bases; 
Ae  epnfrory ,  they  decompose  them,  and  produce  haloid  saMsJ*^ 
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3003.  In  this  paragraph,  (be  tuada  in  question  «m  repraKnta)  m 
GOiiiieDtly  entJoweii  wilh  llie  altributcs  of  acUily,  while  at  tbc  mum  I 
they  are  alleged  to  be  destimte  of  his  "principal  ekaracter  of  atU*^} 
properly  of  combining  with  salifiable  Itases. 

'^004.  Iq  page  41,  (saine  volume,)  treating  of  the  acJJ  coDsiattng  tf 
volumes  of  oxygen  and  one  of  nitrogen,  eoiisidetvd  by  chetnieis  oraMl^ 
Bit  a  ilislLiict  acid,  Berzeliua  uses  the  following  lungaage.  >*  11*  1  MwH 
coincided  in  tlieir  view,  it  is  because,  judging  by  what  wc  know  ■tfHMl' 
the  acid  in  question  cannot  combine  wilh  any  base,  eillier  directly  tf  iad 
r«ct1y;  that  consequently  it  does  not  give  saiti,  and  that  salifiable  Imm4 
compose  it  always  into  nitrous  acid,  and  nitric  oxide  gas>  It  is  noC  An 
distinct  acid,  and  as  such,  ought  not  to  be  admitted  in  tlie  nonM^ndHH 
Viewing  these  passages  with  all  thai  deference  which  1  feel  for  ibo  pi 
tions  of  the  author,  T  am  unable  to  understand  upon  what  pHnciptodkOD  I 
elusion  of  nitrous  acid  from  the  class  of  acids,  can  be  mndcnid  «mmM 
wilh  the  retention,  in  that  class,  of  the  compounds  (brroed  by  faydnfi 
with  "  halogene"  elements- 

2005.  It  is  certainly  to  be  r^retled  that  there  should  be  so  modhdl 
culty  in  giving  a  precise  meaning  to  a  word  used  so  cxIcnnvclyHA 
which  led  to  the  language  above  quoted.  The  best  definition  wEt^  la 
devise,  in  this  case,  is  that  a  sail  is  a  compound,  resulting  fniin  llMai 
of  at  least  two  acid,  acrid,  or  corroiuve  ingredients;  forming,  agreral^l 
the  language  of  the  older  chemists,  a  (erbium  quid,  or  in  plain  EngUib.  I 
third  tometking,  difTcring  materially  from  ils  conalituenis.  It  dtouUio' 
conceive,  be  crystal  I  izablo,  and  soluble  cither  in  water  or  alo^lwl.  1  * 
not  think  ihat  a  satiafaclory  line  of  demarcation  can  be  drawa  bM>«fa 
salts,  acids,  and  bases.  Some  compounds  which  lean  sii  mnrJi 
«o/imty*  in  their  chamcterislics,  as  to  have  been  classed  with  ml 
latterly  been  found  to  play  the  part  of  acids  or  bases,  ns  instuiood  by  cia 
tunary  halogcD  sails.  I  would  consider  them  as  salts  when  adjag  u  mA, 
and  as  acids  or  bases  when  acting  as  acids  or  bases.  Tteraeliiu  ba*  «■!?- 
gested  this  kind  of  contingent  definition  in  the  instance  of  watt^r  i  nhieb  li^ 

•nts  as  acting  as  a  base  wilh  some  acids,  and  as  an  arid  wilh  aoniR 
Thus  it  seems  possible  for  the  sanic  l>ody  to  act  citbrt  is  an  aod, 
a  salt,  or  a  base,  accordingly  as  it  may  be  associated. 

Of  the  Principal  Groups  of  Sails. 

2006.  As  respects  composition,  I  conceiTe  that  ll 
are  at  least  tlireo  groups  of  salts. 

2007.  Ist.  Binary  saline  compotinds  of  a  hatogn 
ment  and  a  metal. 

2008.  2d.  Saline  compounds  orncids  and  bases 
quids  agreeably  to  the  definition  of  acidity  and  haaiStf' 
(631.) 

2009.  3d.  Saline  compounds  containing  either  an 
gallic  acid  or  an  organic  base;  or  consisting  of  sud 
acid,  united  with  i<ucli  a  base. 

*  1  am  nnnhln  to  rcfor  to  Bny  lulliarily  for  the  U»  of  lliia  wart,  but  eM__._ 
mj«e1f  jiutilied  ia  cmplofing  it,  as,  by  anilojjy,  it  ctimot  be  muiuida  ratood  b^M 
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)•  As  fiur  as  coiudsteiit  with  the  due  allotment  of 
[  have  given  an  account  of  the  first  group  in  treat- 

the  metals.  But  the  class  thus  constituted  are 
e  of  combining  witli  e^^ch  other,  and  witi^  the  electro- 
re  or  acid  compounds,  formed  by  the  union  of  their 
n  ingredients  with  non-metallic  radicals,  bi  this 
impounds  are  produced,  which  Berzelius  designates 
l>le  haloid  salts.  I,  however,  consider  them  as  much 
1  to  be  treated  as  saline  compounds  of  acids  and 

as  the  double  sulphides,  selenides,  or  teUurides, 
are  so  treated  by  that  distinguished  chemist.  (627.) 
U  I  shall  designate  the  salts  comprised  in  the  1st 
!  groups  abovementioned  by  their  basacigen  ingredi- 
^3.)  Hence  the  nine  followmg  classes ;  axymUts^ 
wiisj  setenisalis,  ieUurisalts^  eUoramlts^  hromMaUsy 
%  jluosatts^  and  cyanosalis.  Obviously,  of  these  the 
ir  are  formed  by  the  amphigen  bodies^  and  the  rest 
halogen  bodies  of  Berzelius. 

SECTION  L 

OF   OXYSALTS. 

!•  Ih  describing  the  oxysalts,  I  shall  be  constrained 
fine  my  remarks  to  some  of  the  more  important 
teristics  of  each  of  the  sets  of  salts  formed  by  the 
It  inorganic  oxacids  with  the  more  energetic  bases. 
>f  those  formed  by  acids  of  minor  importance  will 
tted  altogether. 

Of  Chlorates  and  Hypochlorites* 

(•  As  agreeably  to  the  premised  arrangement,  the 
s,  first  made  the  objects  of  attention  in  this  work, 
aose  formed  by  the  union  of  chlorine  with  oxygen ; 
ws  that  the  saline  combinations  formed  by  those 
Mith  bases,  should  be  the  first  to  be  treated  of 
oxysalts. 

U  We  have  four  acids  consisting  of  the  two  ele- 
abovementioned,  and,  consequently,  should  have 
^ies  of  salts,  hypochlorites,  chlorites,  chlorates, 
ncblorates,  or  oxychlorates.  It  seems,  however, 
d  whether  chlorous  acid  can  be  presented  to  a  base, 
t  being  resolved  into  a  chlorate  and  chlorine.  In 
Bpect,  it  seems  to  rest  on  the  same  footing  as  ni- 
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trous  acid.  (084,  ^0U4.)  01'  course  there  ore  ao  dio 
rites. 

2015.  The  chlorates  and  hypochlorates  arc  tlic  prodod 
of  one  process,  in  which  aii  oxybase  is  made  to  react  mil 
chlorine.  Id  the  process  alluded  to,  a  fixed  alkali,  or  U] 
of  the  tlirce  more  powerful  alkaline  eartlis,  whether  in  ftk 
tion,  in  a  state  of  suspension,  or  in  the  pulvcrulcnl  staS) 
of  a  hydrate,  being  sutHciently  exposed  to  chlorine,  is  (ow 
to  acquire  the  bleaching  and  disinfecting  properties  wi^ 
which  that  gas  is  so  remarkably  endowed. 

2010.  In  the  case  in  which  a  solution  of  potaM  i 
saturated  with  the  gas,  besides  the  acquisition  of  blcad«^ 
power,  by  the  mother  water,  crystals  result  of  chlonittt 
potash,  which  from  their  inferior  solubility  precipitate. 

2017.  This  process  was  rather  an  empyriuil  impron 
mcnt,  when  first  employed;  because,  agreeably  to  A 
science  of  the  day,  nothing  could  have  been  less  likelf  t 
succeed.  At  that  time,  chlorine  was  considered  u  i 
oxacid  of  aji  unknown  radical.  (880.)  But  if  the  blent 
ing  and  disinfecting  properties  of  chlorine  were  due  t 
acidity,  nothing  could  be  less  consistent  with  the  rclcotip 
of  those  properties,  than  saturation  with  powerful  btm 
Subsequently,  when  the  elementary  character  of  ckforiD 
became  known,  the  ascertained  retention  of  it«  Ueadui 
and  disinfecting  power,  after  combination  with  ui  tOQ 
base,  appeared  much  more  consistent  with  the  sappow 
nature  of  the  ingredients. 

2018.  It  was  conceived,  that  chlorine  feebly  attractc 
to  an  oxybase,  was  liberated  by  its  aflinity  for  cokwiio 
matter,  or  feculent  emanations,  or  by  the  aflini^  <tf  u 
other  principle  for  the  oxybase.  Accordingly,  uDtU  niM 
the  last  ten  years,  the  impression  generally  prevailed,  thi 
the  liquids,  powders,  or  salts  employed  in  bleaching,  m 
compounds  of  an  oxybase  with  chlorine.  Heoca,  ll 
terms  chloride  of  lime,  or  chloride  of  potassa,  or  t^  wot 
which  are  still  in  use,  especially  among  manufactvi 
chemists. 

2019.  It  was  in  the  treatise  of  Berzelius,  that  I  first* 
with  the  explanation  which  I  gave  in  the  last  editicM* 
this  text  book,  of  the  process  under  consideraticm,  m 
which  I  now  subjoin. 

2030.  When  into  a  solution  of  potash,  (oxide  of  pod 
sium,)  chlorine  is  introduced,  one  portion  of  it  r — ^'^ 
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irith  the  potassium,  separatiDg  from  each  atom  the  atom 
9f  oxjgeia  by  which  it  was  oxidized.  ,  The  oxygen  thus 
Sbeniled  frcmi  several  atoms  of  the  metal,  commg  into 
contact  with  another  portion  of  chlorine,  forms  with  it 
diknous  acid.  Each  atom  of  the  acid,  thus  formed,  unites 
irith  an  atom  of  potash,  producing  a  chlorite.  By  con- 
inoipg  the  operation  until  all  the  potash  which  remains 
bee  is  decomposed,  that  which  has  meanwhile  united  with 
be  acid  is  attacked  by  the  chlorine,  and  the  oxygen,  Ube- 
mted  in  consequence  jfrom  each  atom  of  the  chlorite,  con- 
rerts  another  portion  of  this  salt  into  a  chlorate.  This 
lalt  bans  inferior  in  solubility  to  the  chloride,  precipitates 
n  ciystaus,  which  being  subjected  to  boiling  water,  are 
[Hirified  byihe  recrystallization  which  cooling  induces. 

2021.  This  explanation  seems  to  require  modification, 
>ii]j  so  far  as  to  introduce  the  hypochlorous  in  lieu  of  the 
:hloroiis  acid,  (688,)  agreeably  to  the  new  view  of  the 
nliject  presented  in  treating  of  the  compounds  of  chlorine 
fritn  oxWen.  Reference  is  there  made  to  the  investiga- 
lons  of  Bakrd,  by  which  it  has  been  shown  that  the  gase- 
>U8  nrodnct  supposed  to  be  the  protoxide  of  chlorine, 
callea  enchlorine  by  Davy,  is  really  a  mixture  of  chlorous 
^d  with  chlorine;  and  also  that  the  restl  protoxide  of 
chlorine,  is  the  acid  which  is  formed  during  the  process 
!br  making  chlorate  of  potash,  or  bleaching  powders,  and 
prhich  is  now  designated  as  hypochlorous  acid. 

2022.  The  impure  hypochlorite  of  lime,  called  bleach- 
ing salt,  is  obtained  by  exposing  hydrate  of  lime  to  chlo- 
rine. Analogous  salts  of  potash  and  soda  are  found  in  the 
mother  waters  of  the  chlorates  of  those  alkalies,  and  may 
likewise  be  obtained,  by  double  decomposition,  from  the 
hypochlorite  of  lime,  and  carbonate  ot  potash  or  soda. 
Wnen  obtained  by  tliese  methods,  hypochlorites  are  min- 
gled with  the  chlorides  of  the  metals  peculiar  to  their 

pective  bases. 

2023.  Properties. — The  hypochlorites  are  extremely 
ptible  of  decomposition.  This,  however,  takes  place 
in  a  manner  which  varies  with  the  circumstances  in  which 
they  are  placed.  Bleaching  or  disinfection  is  effected  by 
tb^  when  quite  pure,  by  imparting  oxygen;  being  re- 
eolred  into  this  element  and  a  chloride.  Chlorine  pro- 
duces similar  effects,  by  causing  water  to  impart  oxygen. 
No  doubt  the  result  is  the  consequence  of  complex  affinity, 
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the  hydrogen  being  attracted  by  the  chlorine,  llic  oxygen 
by  some  oxidizable  substance. 

2024.  When  carbonic  acid  has  access  to  an  hypocU^ 
rite,  it  combines  with  the  base  of  tlie  salt,  displacing  ibe 
acid;  and  if  a  chloride  be  present,  its  rndica)  is  oxidind 
by  the  oxygen  of  the  acid  thus  displaced ;  wliilc  its  chlo- 
rine is  hberated,  as  well  as  that  of  tlie  chlorous  arid.  Of 
course  an  evolution  of  chlorine  must  ensue  from  (be 
employment,  in  like  case,  of  any  acid,  which,  in  its  offiiu* 
ties,  is  not  less  energetic  than  carbonic  acid.  If,  howeiw, 
a  pure  hypodiiorile,  formed  by  the  action  of  hypochlonwf 
acid  on  a  base,  be  subjected  to  tlie  action  of  a  man 
powerful  acid,  the  hypochlorous  acid  may  be  libciatal 
without  being  decomposed. 

Wi^>.  When  nii  aqueous  solution  of  a  hypochlorite  ii 
boiled  in  pure  water,  one  portion  of  the  chlorite  is  cet- 
verleil  into  a  chloride;  while  the  oxygen,  which  is  IS» 
rated  from  it  during  this  transformation,  converts  onotbci 
|>ortion  into  a  chlorate. 

2020.  According  to  Thomson,  when  chloride  of  aift- 
monium  is  introduced  into  a  retort  containing  the  fa3rpo- 
chlorite  of  lime  of  commerce,  made  into  a  paste  with 
water,  gaseous  nitrogen  is  evolved  with  a  reaction  so  vio- 
lent, that,  in  order  to  delay  the  extrication  uatiJ  his  ar- 
rangements for  collecting  the  product  were  comptetcd,  he 
found  it  expedient  to  wrap  the  hypochlorite  in  blotting 
paper. 

Experimental  Illustrations. 

2027.  Production  of  hypochlorite  of  lirac.  Its  effecti 
upon  colouring  matter.  Evolution  of  nitrogen  firom  dilo- 
ride  of  ammonium,  by  hypochlorite  of  lime. 

Properties  of  the  Chlorate. 

2028.  The  chlorates  resemble  the  nitrates  in  deflajgnl- 
ing  with  combustibles ;  but  the  residuum  which  they  fcave 
ia  always  a  chloride;  and  the  deflagration  is  more  power- 
fut  and  more  easily  efTccted.  If  chlorate  of  pofa^  be 
triturated  in  contact  with  sulphur  or  phosphorus,  an  tn- 
plosion  en<ups.  Salts  of  this  class  give  up  their  oxyf/m. 
and  are  converted  into  chlorides,  simply  by  being  heated. 
They  are  almost  all  soluble  in  water.  Tlie  chlorate  of  (be 
protoxide  of  mercury  is  said  to  tie  but  sparingly  soluble. 
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2029.  The  properties  of  the  chlorates  are  most  con- 
niently  illustrated  by  the  chlorate  of  potash,  which  is  an 
ficieDt  material  in  several  varieties  oi  the  matches  which 
e  ignited  cither  by  contact  with  sulphuric  acid,  by  fric- 
)n,  or  crushing. 

2030.  Alcohol,  or  any  of  the  essential  oils,  oil  of  turpen- 
le  for  instance,  may  be  ignited  by  means  of  chlorate  of 
tash  and  sulphuric  acid. 


Experimental  Illustrations. 
2031.  Ignition  of  phosphorus  with  chlorate  of  potash 
'  percussion.  Explosion  of  sulphur  mixed  with  the  chlo- 
te,  by  trituration.  Composition  for  friction  matches  con- 
itiog  of  chlorate  of  potash,  sulphur,  and  phosphorus, 
iDgled  with  gum,  exhibited  and  ignited.  About  as  much 
lorate  of  potash  as  may  be  piled  upon  a  half  cent,  being 
posited  in  a  heap  amid  the  inflammable  liquid,  the  af- 
iion  of  ctmcentrated  sulphuric  acid  upon  the  heap,  causes 
e  liquid  to  be  inflamed. 


ChloraU  of  Potaali  and  Sulphuric  Jiai. 

S032,  I*t  there  he  Iwo  tubas,  one  within  the 
olhcr,  aa  here  represented  ;  tho  tarter  one,  elated  at 
the  lower  end,  and  coataining  water;  the  other  open 
Dt  both  cnda,  tho  upper  orifice  funnel -ghaped,  and 
the  bore  about  one-twelfth  of  an  inch  in  diameter. 
Allow  eome  vory  ■mnll  pieces  of  phoaphoiUB,  and  B 
few  cry Btala  of  chlorato  of  potash,  to  fail  down  to  the 
bottom  of  tho  largo  lube.  Then,  into  the  araaller 
tube,  pour  Borne  aulnhuric  acid;  >o  thai,  without 
being  much  diluted,  it  inaj  doacend  upon  the  chlo- 
rate and  pliaaphorus.  A  vivid  ignition  etuuei,  in 
despite  of  the  surrounding  water. 

2033.  Tho  sulphuric  acid,  aniting  with  the  polaah 
of  the  chlorate,  liberates  chlorine  and  oiygen,  which, 
co.-ning  into  contact  with  the  phoaphorui,  cause  i(a 
combustion . 
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Of  Perchloraies  or  Oiychloralcs, 

2034.  One  of  the  processes  for  procuring  oxycliloraleof 
potash,  has  been  mentioned  in  the  text,  while  treotlngof 
osychloric  acid,  (712,)  and  another  ia  mentioned  in  a  ncrte. 
Oxychlorates  of  other  bases,  arc  obtained  cither  by  double 
decomposition  ;  or  by  the  direct  union  of  the  acid,  inade 
as  already  suggested.  (713.) 

2035.  The  oxycblorates,  in  general  projierlics,  reseoUe 
the  chlorates.  They  appear,  however,  to  be  less  suscaii* 
ble  of  decomposition;  since  the  oxychloralc  of  polaaii* 
not  decomposed  by  any  of  the  acids  at  ordinary  icmpen- 
tures,  and  does  not  react  as  violently  with  sulphur  as  As 
chlorate  of  potash. 

203G.  Nearly  all  of  the  oxychloratea  would  appear  to 
be  deliquescent,  and  soluble  in  alcohol,  excepting  those  o( 
potash,  lead,  protoxide  of  mercury,  and  ammonia.  Al 
the  temperature  of  50%  oxychlorate  of  potasli  reqaircs  fcr 
its  solution  sixty-five  times  its  weight  of  water. 

OF  NITRATES. 

2037.  This  class  of  salts  is  distinguished  by  dcflagnUng 
with  charcoal  and  other  combustibles.  Wnea  tbo  cos- 
bustible  is  susceptible  of  acidification,  the  resulttDff  add 
unites  always  with  the  base.  Thus  in  the  caaemdmi^ 
coal,  a  carbonate  is  left ;  in  the  case  of  silicon,  a  alicfflte ; 
in  the  case  of  sulphur,  a  sulphate;  in  the  case  of  arsenic, 
an  arseniate.  They  differ  from  the  o-vysalts  containiiii! 
an  acid  with  a  halogen  radical  (the  chlorates  for  instance.) 
in  leaving  an  oxide  after  deflagration,  instead  of  a  haloid 
salt.  Thus  the  nitrate  of  potasli  leaves  the  oxide  of  uotu- 
sium;  while  the  chlorate  leaves  a  chloride  of  potassium. 

2038.  If  subjected  to  concentratcti  sulphuric  acid,  the 
nitrates,  when  drj',  emit  fumes  of  nitric  acid.  Wbea 
added  to  liquid  chlorohydric  acid,  by  dehydrogcnating  the 
chlorine,  they  enable  it  to  act  on  gold  leaf,  as  it  does  whet 
presented  to  this  metal  in  aqua  regia. 

2039.  The  nculml  nitrates  arc  all  so/iihlc,  and  manjof 
them  deliquescent. 

Exficrimcnlal  }llu.stratnms. 

2040.  Deflagration  of  a  nitrate  u|>on  ignited  riiaictM^ 
and  of  charcoal  and  other  wub.Htanccs  u|M>n  fused  nitrate  of 
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otash,  soda,  copper,  or  strontia.  A  nitrate  added  to 
quid  cblorobydric  acid  containing  gold  leaf,  causes  the 
olutioo  of  the  metal.  Decomposition  of  a  nitrate  by 
eat. 

OF  NITRITES  AND  HYPONITRITES. 

2041.  It  would  appear  that  the  compound,  which,  con- 
btently  with  the  practice  of  the  British  and  French  chem- 
its,  has  been  designated  as  nitrous  acid,  is  decomposed 
rfaen  presented  to  bases,  forming  a  nitrate  and  hyponitrite. 
t  is  probable^  therefore,  that  there  are  no  salts  which 
►roperly  deserve  the  name  of  nitrites,  in  the  sense  in  which 
his  appeliation  has  been  used  by  the  chemists  abovemen- 
ioned.  It  has  already  been  stated  that  Berzelius  does  not 
idmit  the  existence  of  any  acid  intermediate,  as  respects 
he  quantity  of  oxygen  contained,  between  nitric  and  hv- 
lonitroas  acid,  and,  therefore,  calls  the  acid  to  which  the 
ast  mentioned  name  has  been  applied,  nitrous  acid,  and 
»f  course  designates  its  compounds  as  nitrites.  (984.) 
rhe  hyponitrites  of  the  English  and  French  chemists,  or 
dtrites  of  Berzelius,  resemble  the  nitrates  in  most  of  their 
iroperties ;  but  may  be  recognised  by  the  red  vapours 
vhich  they  evolve  on  the  addition  of  any  of  the  stronger 
icids.  (981,  &c.) 

OF  SULPHATES. 

2042.  Their  solutions  all  yield  precipitates  with  solutions 
>f  baryta.  Heated  in  contact  with  charcoal  or  hydrogen, 
they  are  converted  into  sulphurets,  which,  if  moistened, 
amell  like  rotten  eggs-  They  are  almost  all  insoluble  in 
alcohol.  The  sulphates  of  baryta,  tin,  antimony,  bismuth, 
and  lead,  are  quite  insoluble  in  water.  Those  of  strontia, 
lime,  yttria,  mercury,  silver,  and  the  sesquioxide  of  ce- 
rium, are  nearly  insoluble;  while  all  other  sulphates  are 
soluble. 

Experimental  Illustrations, 

2043.  Precipitation  of  sulphates  by  solutions  of  baryta. 
-onvereion  of  a  sulphate  into  a  sulphuret  before  the  blow- 
pipe, demonstrated  by  the  subsequent  effect  upon  a  metal- 
c  solution. 
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OF  RYPOSULPHATES,  SIILPH[TES,  AND  HVPOSULPHITES. 
S044.  The  h}rpoeiul|ihBlo  nf  baryta,  is  ublaineit  by  adinng  sulphiittf 
barium  to  a  sotntiua  uf  hy|>osuI)>liittL.'  of  lanngaaeae.  (70-1.)  Tlw  bj|^  | 
sulptmlcti  of  lline  and  ulroalia  uro  procured  in  tlie  stimv  tmtaaer,  awl  tift 
hyposulp halts  of  the  Uhcr  bases,  eiilu^r  by  double  ducumpmiliis,  ur  W 
addiog  tho  acid  directly  to  the  base. 

2045.  The  neutral  hypoxulpkatt»  are  probably  all  soluble.  Tlif  pT« 
perty,  toother  with  their  conversioii  into  sulphates  by  huul,  auJ  ibv  ainir 
of  sulphurous  acid  which  they  emit  oo  the  addition  oT  coocuuiFalal  %' 
phuric  acid,  is  suiHciont  to  enaUe  us  to  recognise  them. 

2046.  The  initoluble  nlphilet  are  obtained  by  double  ( 
those  which  are  soluble,  by  the  direct  action  oT  (he  acid  on  th»  b 

2047.  The  sulphites  are  generally  insoluble,  and  may  bo  noogniaJW 
the  odour  or  sulphurous  acid  which  they  emit  on  the  addition  ut  dt« 
sulphuric  acid;  while  they  do  not,  like  ihc  hyposulphites,  sifputtauuirif 
deposite  sulphur;  also  by  their  not  yielding,  like  the  hypu*utphaia»,aill> 
Iral  sulphate  by  heat. 

2046.  The  hypoiulpkiUt  are  procured  by  treating  metallic  xinc,  In^d 
manganese,  with  liquid  sulphurous  acid.  Each  atom  of  this  acid  abaodH 
one  atom  of  oxygen  to  the  metal,  being  consequently  converted  into  1^ 
sulphurous  acid,  which,  willi  ihc  resulting  oxide,  forms  a  l"r™—"i"i«*»- 


2049.  The  hyposulphites  may  likewise  be  Ibrnied  by  boilins  aa^m  i 
with  flowers  of  sulphur,  by  which  each  atom  of  acid  in  any  sul^nMlW  I 
up  an  additional  atom  of  sulphur,  coQverling  the  sulphite  inla  a  h}fB$i 

2050.  The  hyposulphites  may  all  be  doeomposed  by  hual,  i 
acted  on  by  sulphuric  acid,  deposite  sulphur  and  liberate  suljihaioi 

OP  SELENIATES. 

2051.  The  seleniaies  greatly  resamblc  the  sulphates  m  propertia-  Thrj- 
aie  in  fact  isomorphous  with  them,  and  cryslnllizc  with  the  ans  (tuantiir 
of  water  of  crystallization.  The  seleniaies  are,  however,  more  wyyti" 
of  decomposition  than  the  sulphates,  and  when  thrown  on  bonung  cod* 
deflagrate. 

OF  PHOSPHITES. 
S053.  The  phosphites  are  obtained  either  hy  presenting  the  acid  dbdlT 
to  tho  base,  or  by  double  decomposition.     \Vhcn  thrown  on  buraiof 
they  produce  a  yellow  Hame,  the  colour  of  which  iucrcasc* 
with  ihc  quantity  of  acid  contained  in  the  suit. 

OF  PHOSPHATES. 

3053.  Tlic  phosphates  all  give  precipitates  with  solutioH 
of  baryta,  lime,  lead,  and  silver. 

305-1.  Tlie  phosphates  tire  not  decomposable  by 
alone.  Those  of  the  metals  proper  may  be  convened,  hj 
heat  and  charcoal,  into  phosphurcts  of  tlie  mctaU  peculltf 
to  their  respective  bases.  In  the  case  of  the  phoephaM 
of  the  earths  and  alkalies,  a  portion  of  the  phoepboric  adA 
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deoxidized  by  the  carbon,  eyolving  phosphorus;  while 
e  remainder  form^  with  the  base  a  subphosphate. 
2055.  By  beat  the  phosphates  are  converted  mto  para- 
losfrfiates,  identical  in  composition,  though  different  in 
operties. 

fS[i56.  According  to  Thenard,  phosphoric  acid  combines 
th  bases  in  five  different  proportions,  forming  biphos^ 
aiesj  sesauiphosphatesy  neutral  phosphates^  sesquibasic  phos' 
aiesy  ana  btbasic  phosphates,  in  wnich  the  equivalents  of 
id  to  those  of  the  base  are  respectively  as  2  to  1,  li  to  1, 
to  1, 1  to  li,  and  1  to  2. 

OF  CARBONATES. 

2057.  This  class  of  salts  is  distinguished  by  being  sus- 
iptible  of  decomposition,  with  effervescence,  by  any  of 
e  acids,  excepting  a  few  that  are  remarkably  feeble,  as,  * 
r  instance,  the  cyanhydric  and  meconic  acids. 

2058.  All  the  alkaline  carbonates  are  decomposable  by 
at,  excepting  those  of  potassa,  soda,  baryta,  strontia,  and 
obably  uthia. 

2059.  Each  of  the  alkalies,  potash,  soda,  and  ammonia, 
rms  with  carbonic  acid,  a  carbonate,  consisting  of  ai^ 
luivaleut  proportion  of  each  ingredient;  a  sesquicarbon- 
;e,  in  which  there  are  one  equivalent  and  a  half  of  acid 

one  of  alkali ;  and  a  bicarbonate,  in  which  there  are 
ro  equivalents  of  the  acid  to  one  of  alkali.  When  satu- 
ited  with  the  acid,  they  are  more  susceptible  of  crystal- 
uition,  and  less  nauseous  to  the  taste. 

2060.  The  evolution  of  the  acid  from  the  carbonates  of 
ne  and  ammonia  has  been  already  exhibited. 

OF  BORATES. 

ft061.  TIic  biboratc  of  soda  is  found  in  nature  in  certain  lakes,  and  is 
town  in  commerce  as  borax.  In  the  examination  of  minerals  by  the 
nrpipe,  it  is  very  useful. 

2062.  The  other  soluble  borates,  which  are  those  of  potash,  soda,  lithia, 
d  ammonia,  are  obtained  by  uniting  the  acid  directly  with  the  base.  The 
•nies,  which  are  quite  or  nearly  insoluble,  are  procured  by  double  de- 
mpoti^n  with  the  borate  of  soda.  Borates  are  undecomposable  by  heat, 
lien  tbor  bases  are  undecomposable  by  that  agent.  Other  borates,  when 
leoielT  beated,  are  resolved  into  oxygen,  a  metallic  radical,  and  boric 
id. 

OF  SILICATES. 

9M9m  The  silicates  are  procured  either  by  double  decomposition,  or  by 
ling  silicic  acid  strongly  with  the  base.    They  are  not  decomposable  by 
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heat  alone;  although,  when  heated  with  charcoal,  some  of  the  silicalBiafi 
converted  into  silicurets.     All  the  silicates,  excepting  those  of  potash, 
and  lithia,  are  insoluble. 

OF  CYANATES  AND  FULMINATES. 

2064. 'The  soluble  cyanates  are  decomposable  by  water,  and,  if  iosob- 
ble,  by  acids,  into  carbonic  acid  and  ammonia.  The  fulminates  are  chiefly 
remarkable  for  the  violent  explosions  which  they  produce  by  heat  or  ftt* 
cussion.  The  fulminate  of  mercury  is  employed  as  priming  in  percii9U0t| 
gun  locks.  It  may  be  obtained  by  the  following  process:  Di^olve  101 
grains  of  mercury  with  heat  in  a  measured  ounce  and  a  half  of  nitric  ftdl 
of  moderate  strength;  when  cold,  mix  the  solution  with  a  measured onoi. 
and  a  half  of  alcohol,  and  apply  heat  till  cflcrvesccnce  takes  place.  Wki 
red  fumes  appear,  check  the  action  with  water.  The  powder  which  piK^ 
pitates,  well  washed  with  water,  and  afterwards  dried  at  a  gentle  heit,il 
be  the  fulminate  of  mercury. 

OF  DOUBLE  OXYSALTS. 

2065.  There  are  many  cases  in  which  two  salts,  formed  by  SteM 
bases  but  of  the  same  acid,  enter  into  combination.    A  compound  thnoifr 
stituted,  formerly  received  the  appellation  of  a  triple  salt,  but  is  ooi 
nated  as  a  double  salt. 

2066.  Tartar  emetic  is  a  double  tartrate,  consisting  of  tartrate  of 
combined  with  tartrate  of  antimony.  (1919.) 

2067.  Rochelle  salt  is  a  compound  of  tartrate  of  potash  with  the  tutnH 
of  soda.  An  analogous  compound  is  formed  by  the  union  of  taitnle  of  pl^ 
ash  with  tartrate  of  iron,  called  ferri  et  potctsstB  tartroM^  or  tirtiKte  if 
potash  and  iron,  in  the  United  States^  Dispensatory ;  to  which  I 
dents  for  much  valuable  information  which  my  limits  will  noCalknr 
add. 

2068.  The  saline  compound,  well  known  under  the  name  of  alum,  is 
composed  of  one  atom  of  trisulphate  of  alumina,  and  one  of  sulphate  of  pot- 
ash, besides  twenty-four  atoms  of  water  of  crystallization. 

2069.  Other  double  sulphates  have  Ixien  funnod  analogous  to  alum,  sal^ 
stituting  soda  or  ammonia  for  potash,  or  iron,  manganese,  or  chromium  lor 
alumina. 

2070.  Double  silicates  and  carbonates  exist  in  nature.  Dolomite  is  % 
species  of  marble,  consisting  of  the  carbonates  of  lime  and  nuigoe^  ii 
equivalent  proportions.  Felspar  consists  of  a  silicate  of  alumina  and  a  «2i» 
cate  of  potash.  Many  native  crystals,  well  known  to  mineraK>gists,  ait 
doubU;  silicates. 

2071.  Glass,  in  general,  is  a  combination  ot' one  or  more  silicates.  F':* 
glass,  according  to  Turner,  is  a  double  sexsilicate  ol'lead  and  potash. 

2072.  It  ought  not  to  be  supposi'd  that  double  salts  are  alwa\s  pn^i-'^ 
by  the  combination  of  single  salts  previously  existing  separately.  Id  ibf 
case  of  tartar  emetic,  the  bitartrate  of  potash,  containing  two  e»iui\aleutsOi 
acid  to  one  of  base,  is  converted  into  the  double  tartrate  of  |Hjia>h  and  ana- 
mony,  by  saturating  with  one  equivaleut  of  the  sesquioxide  of  this  mrO^ 
one  e(|uivalent  of  the  acid  in  the  bitartrate.  Thus  a  tartrate  of  antiinoaTii 
produced  in  combination  with  a  tartrate  of  potash,  and  a  double  sah  md 
course  formed. 

2073.  It  appears  possible  for  two  double  salts  to  combine,  as  when 
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'  soda  (borax)  is  added  to  bitartrate  of  potash,  in  order  to  produce 
K>]uble  cream  of  tartar"  of  pharmacy.  According  to  Berzelius,  this 
imd  may  be  considered  as  consisting  of  a  double  tartrate  of  potash 
ida  (sal  Rochelle),  combined  with  a  double  tartrate  of  potash,  and 
cid  acting  as  a  base.     See  United  States'  Dispensatory. 


SECTION  II. 

OF  SULPHOSALTS. 

I.  Berzelius  alleges  that  the  metallic  sulphides,  which  are  capable 
ibining  with  each  other  to  form  sulphosalts,  contain  for  each  atom  of 
,  the  same  number  of  atoms  of  sulphur,  as  the  salifiable  oxybases 
Lacids  of  the  same  radicals  contain  of  oxygen.  In  consequence  of 
alogy  in  composition,  if  sulphydric  acid  gas  be  transmitted  through 
«ntrated  solution  of  an  oxysalt,  in  which  the  acid  and  base  have 
I  metallic  radical,  the  hydrogen  of  the  sulphydric  acid  takes  all  the 
1  from  both  radicals.  Meanwhile,  an  equivalent  number  of  atoms 
hur,  consequently  liberated,  take  the  place  of  the  oxygen,  forming  a 
lalt,  consisting  of  a  sulphacid  and  a  sulphobase,  analogous,  in  the 
r  of  atoms  of  each  ingredient,  to  the  oxysalt,  from  the  decomposi- 
which  it  originates. 

5.  In  order,  however,  to  effect  the  combination  of  the  electro-positive 
c  sulphides  which  act  as  bases,  with  the  sulphides  of  non-metallic 
Is  which  act  as  sulphacids,  a  diflerent  method  must  be  adopted.  In 
le  of  sulphydric  acid  gas,  which  does  not  combine,  except  with  the 
les  of  the  metals  of  the  alkaline  earths  and  alkalies,  it  is  either 
it  into  contact  with  a  carbonate  of  the  bcuse  heated  to  redness,  or 
ade  to  enter  into  a  solution  of  the  hydrate.  Whichever  method  be 
1,  no  access  of  atmospheric  oxygen  should  be  allowed.  In  either 
ae  portion  of  the  sulphydric  acid  is  decxjmposed,  its  hydrogen  com- 
with  the  oxygen  of  the  base,  and  its  sulphur  with  the  metal;  while 
jer  portion  of  the  acid  unites  with  the  sulphide  thus  formed,  pro- 

a  sulphydrate. 

3.  It  has  been  stated,  (1248,)  that  combinations  of  sulphocarbonic 
lay  be  formed  with  most  of  the  electro-positive  sulphides,  either  by 
inioD,  or  by  double  decorn|)osition.    There  are  other  methods  of  pre- 

thesc  sulphosalts,  of  which  I  cannot  treat,  consistently  with  the 
)re8cribod  for  this  work. 


SECTION  III. 

OF  SELENISALTS  AND  TELLURISALTS. 

7.  As  has  been  already  stated,  l)oth  selenium  and  tellurium  are 
e  of  combining  with  different  radicals,  forming  selenides  and  tellu- 

Tliese,  in  many  cases,  like  the  corresponding  compounds  formed  by 
r,  unite  together  to  form  selenisalts  and  tellurisalts.  The  resulting 
latioiis,  however,  have  been  but  little  studied. 

47 


890 


INOnCAMr  CHEMIHTRV. 


SECTION    IV. 


OF  CIILOROSALTS.  UROMDSALTS.  I0D0SALT8.  AND 
FLUOSALTS  Of  THK  STOOND  GKOlT. 

207)4.  The  chlorosalu  Arc  gcnoraUy  obuinni  by  mingliog  dUoai 
with  chlorobasrs  (R31),  cklicr  in  thn  wot  or  dry  way.  la  Uk  bttro 
heal  must  bo  cmployod  in  order  to  fncililatc  their  union. 

2070.  7'ho  bromotalt*  and  iodoaalts  may  in  goncml  bo  obUuoed  it  Ih 
same  manner,  by  miDgliog  bromadJs  with  bromobnacs,  or  i<  '    " 
iodobasea- 

S08D.  1  hnvc  ineutionnd,  in  trniting  or  Ibc  chloridn«  ol'  the 
ral  iimtancts  id  which  combiitatiiHw  aro  fonncd  by  tluun  with  chlonMril 
acid.  Such  compounds,  however,  arc  rare,  and,  wIk-4i  tbey  An  oocat,^ 
pear  not  to  poMcas  stability- 

20^1.  1  havostaiod  (l^Ofl,)  my  opinion  that  ihe  comftouniU, 
by  Dcrzrrlius  as  fluohydroboric  acid  and  nuohydro«hcic  aci^ 
considered  as  tortium  quids,  in  which  tbr  fluoride  of  hydiogm  ^ 
the  part  of  a  basei  wbil«  the  fluorides  of  boron  luxl  silicon  act  as 
Hence  fliiohydroboric  acid  is  a  fluobornte  of  hydrogct),  and 
add,  a  llutwiltcato  of  hydrogen. 

20S2.  With  the  fluorides  of  columbium  and  liUmium,  the  duoph 
hydrogen  forms  compounds  analogous  U>  those  abovemi^titinnod,  and  vki 
i  would  desi^ntc  as  Auocolunibate,  and  fluotitnninli;  of  hyilropto. 

3083.  When  any  lluosalt  like  those  nbovcmcntioood,  in  wUcti  bH'V 
exists  as  a  radicnl,  is  brought  into  contact  with  an  oxyboaOi  of  WwA  t 
radical  is  capable  of  forming  a  fluobose,  the  hydrogen  imiln  widi  lbs  taf 
sen  of  the  oxybose,  while  ihe  radical  of  this  base  unihis  with  IIh  fli 
The  fluacid  of  the  fluosnit,  conscquaoUy  liberated,  comblnai  with  ll 
sullin^  fluobose. 

■iOr*4.  Tlie  other  fluosaila  arc  formed  by  thf  dirrrJ  n-mtioaof  Ur  ft»ci»!l 
aud  fluobnses  which  compose  lliem,  either  in  tlic  wcl  or  dry  way-  By  aJd 
ing  fluohydric  acid  to  the  fluorides  of  potassium  and  sudiutn,  Aaohydnl 
of  those  lluobasQs  may  be  formed.  (1398.) 


SECTION  V. 

OF  CVANOSALTS. 

3085.  'I'hc  cynnusnlls  aro  in  general  wbuiintil  t^ilh-'r  l.y  itw  ilinrt  <■ 
of  a  cyniiucid  wiili  u  cyaiiuboac,  or  by  dtx^omjiosititui-  li  n  by  thcll 
method  llml  ihc  cynnolerrito  of  poia.witn  is  Rirnieil,  tlm  saljihaM  fli 
protoxide  of  iron  being  presunted  to  tln^  cynnidu  of  prttiuMuin-  la  llu* 
(be  sulphuric  acid,  an<l  the  oxygen  of  iIh!  pnitoxidu  of  imn,  nm  imntf* 
Ut  one  portion  of  the  potassiuin.  The  cynimpii.  i^oa«>niwiily  blMHl 
fbnns  with  ibo  iron,  cyanoferrous  ncid,  which  unilm  with  ihu  umIm 
pondpOTtiMKrftbccyMiNkofpeUanium.  (lUtW,  dfc) 
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).  Under  the  appellation  of  organic  substances  are 
(sed — 

7.  1st.  All  those  which  are  created  in  vegetables 
limals. 

J.  2dly.  Such  as  are  generated  from  those  above 
ned,  either  by  spontaneous  changes,  aided  by  tem- 
re  or  catalysis,  or  by  reciprocal  reaction. 
).  3dly.  Such  as  arise  from  the  substances  created 
erated  as  above  described,  in  consequence  of  their 
m  with  inorganic  bodies. 

[).  In  this  department  of  the  science  it  is,  perhaps,  less 
t  to  acquire  some  general  ideas,  than  to  make  an 
3rogress  in  the  chemistry  of  inorganic  substances, 
timate  elements  of  vegetable  and  animal  matter  are 
and  arc  peculiarly  well  known.  But  the  light  which 
►wn  upon  inorganic  compounds,  by  resolving  them 
leir  ultimate  elements,  is  much  more  satisfactory 
ny  which  we  can,  by  the  same  means,  extend  to  or- 
products.  Between  these,  ultimate  analysis  can  de- 
•ate  little  more  than  a  difference  in  the  proportions 
hydrogen,  oxygen,  carbon,  and  nitrogen,  of  which 
•e  constituted;  although  in  their  influence  on  vitality 
lay  display  the  opposite  properties  of  the  most  de- 
food,  or  the  most  deleterious  poison;  of  delighting 
ndinff  our  senses  in  the  extreme. 

1.  Hydrogen,  oxygen,  and  carbon,  are  the  principal 
te  elements  of  vegetable  substances ;  especially  car- 
hich  is  pre-eminently  essential  to  their  constitution, 
fts  been  alleged  to  perform,  in  vegetables  and  ani- 
%  part  analogous  to  that  which  silicon  performs  in 

lis. 

2.  In  some  essential  oils,  in  caoutchouc,  in  ammonia 

46 
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in  cjranogen,  and  in  some  compounds  fonned  or  dermd 
from  these  substances,  there  is  no  oxygen,  while  in  oxalic 
acid,  and  some  other  oxides  of  carbon,  no  hydrogen  exkli. 
But  in  no  instance,  excepting  that  of  ammonia*  and  its  k» 
pothetical  associates  amide  and  ammonium,  is  carboo  » 
ncient;  and  in  the  great  majority  of  instances,  the  thnas 
elements  above  named  are  indispensable  ingredients.  Ak 
though,  comparatively,  nitrogen  be  found  only  in  %  fav 
substances,  those  into  which  it  does  enter  are  genenlf 
pre-eminently  active  in  their  properties;  and,  agreeil^ 
to  Liebig,  without  its  assistance,  vegetation  cannot  tfaiiit» 
Hence,  as  he  alleges,  it  is  always  to  be  found  in  v 
organs,  although  not  a  constituent  of  many 
wmch  they  secrete  or  excrete. 

2093.  Magnesium,  calcium,  sulphur,  phosphoruBi  i 
silicon,  bromme,  iodine,  fluorine,  are  also  found  in 
proportions  in  certain  parts  of  certain  vegetable  or 

products;  and  it  maybe  inferred  that  they  perform  boh 

ful  office;  but  although  subservient,  in  an  important  degnb, 
to  the  functions  of  animals  and  plants,  they  are  eonstitiwiii 
neither  of  their  organic  tissues,  nor  secretory  products. 

2094.  It  is  generally  a  marked  distinction,  betwen  or- 
ganic and  inorganic  products,  that  the  latter  can,  m  t 
much  greater  number  of  instances,  be  imitated  by  art 

2095.  The  incompetency  of  chemists  to  regenerate  tke 
substances  analyzed  by  them,  has  caused  the  aocoracj 
of  their  deductions  to  be  questioned.  Rousseau,  hamg 
heard  Rouelle  lecture  on  farinaceous  matter,  said  hewoyU 
not  confide  in  any  analysis  of  it,  till  corroborated  by  its 
reproduction  from  the  elements  into  which  it  was  alleged 
to  have  been  resolved.  I  conceive  that  an  acquainttsos 
with  facts,  thoroughly  demonstrable  by  modern  cheroifllijf 
would  have  rendered  that  ingenious  philosopher  less  scep- 
tical. At  first  view  it  may  seem  reasonable  to  consider 
synthesis  as  the  only  satisfactory  test  of  the  truth  of  ans- 
lysis.  But  if  when  diamond  is  burned  in  one  bell  gbsSi 
and  charcoal  in  another,  in  diflerent  portions  of  the  same 
oxygen  gas,  and  subsequently,  in  each  vessel,  in  lieu  oftks 
diamond  and  charcoal,  carbonic  acid  is  found,  from  whiA 
by  potassium,  carbon  may  be  liberated,  who  would  bttft* 
tate  to  admit  both  substances  to  consist  of  carbon,  because 
this  element  cannot  be  recovered  in  its  crystalline  (otB 
from  the  gaseous  state? 
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Of  Organic  Hydrates. 

!096.  It  was  suggested  by  Prout,  that  as,  in  many  vege- 
le  substances,  consisting  only  of  carbon,  hydrogen  and 
'gen,  the  two  last  mentioned  elements  existed  exactly  in 
proportion  for  forming  water,  they  might  be  consi- 
ed  as  constituted  of  water  and  carbon,  and,  conse- 
ntly,  as  hydrates  of  carbon. 

5097.  But  it  has  since  been  shown,  that  either  the  hy- 
gen  of  these  supposed  hydrates,  may,  in  various  in- 
ices,  be  supplanted  by  other  elements  without  separa- 
;  the  oxygen;  or  that  the  oxygen  may  be  supplanted 
bout  separating  the  hydrogen- 

!093.  It  is,  however,  an  important  and  interesting  fact, 
t  almost  all  vegetable  substances  which  are  neither 
if  oily,  nor  resinous;  such,  for  instance,  as  gum,  sugar, 
xh^  lignin,  hold  the  elements  of  water  in  the  ratio  re- 
(ite  to  form  this  liquid,  however  these  elements  may  be 
>ciated. 

the  Injltience  of  Heat  upon  Vegetables^  with  and  without 

Access  of  Air. 

099.  When  subjected  to  distillation,  vegetable  sub- 
ices  devoid  of  nitrogen,  in  the  first  place,  yield  the  water 

essential  oils  previously  existing  in  them.  At  a  higher 
perature,  certain  essential  oils  or  spirits,  analogous  to 
>hol,  resulting  from  a  new  arrangement  of  the  ultimate 
nents,  are  in  some  instances  evolved ;  and  either  at  the 
le  time,  or  subsequently,  at  a  higher  temperature,  acetic 
1,  associated  with  bituminous  or  empyreumatic  matter, 
i  carbonic  oxide  or  carbonic  acid,  and  carburetted  hy- 
gen  are  generated.  By  further  ignition,  the  volatile 
ducts  thus  obtained,  may  be  resolved  into  carbonic  ox- 

and  carburetted  hydrogen;  a  deposition  of  carbon 
he  solid  or  pulverulent  state,  being  always  a  concomi- 
t  of  the  change.  In  proportion  as  the  hydrogen  is  ra- 
ed  by  heat,  its  capacity  to  suspend  the  carbon  appears 
36  diminished  (1259).  So  far  as  nitrogen  is  present, 
the  union  of  an  atom  of  this  element  with  carbon  or 
Irogen,  ammonia  or  cyanogen,  or  some  of  their  com- 
inds,  may  be  generated. 

lOOO.  The  results  above  mentioned  evidently  proceed, 
Ei  great  measure,  from  the  superior  volatility  of  the 
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hydrogen  and  oxygen,  which  causes  them  to  pass  off  illo 
the  a^riforni  state,  with  such  portions  of  the  carbon  .as  tlKf 
may,  under  these  circumstances,  be  capable  of  retaining* 

3001.  The  experiments  of  Sir  James  Hall  show,  that1^ 
getable  matter,  wood  for  instance,  when  subjected  to  bol 
and  pressure,  is  converted  into  a  bitumen  analogous  II 
that  of  mineral  coal.  Under  these  circumstances,  cabik 
destroys  the  organic  structure,  but  does  not  sever  tk 
constituents  of  many  bodies,  which  would  be  othenrin 
partially  dissipated.  When  ignited  in  the  air,  it  mm 
almost  unnecessary  to  say  that  hydrogen,  oxygen,  wd 
carbon  must  yield  water  and  carbonic  acid  only.  Then 
are  the  only  products  of  hydrogen  and  carbon,  wha 
burned  where  there  is  an  ample  supply  of  oxygen. 

3002.  By  a  carefully  managed  heat  several  vegetahb 
acids  may  be  converted  into  acids  of  a  different  kind.  li 
some  instances,  difference  of  temperature  is  sufficient  II 
vary  the  character  of  the  resulting  acid. 

O/"  the  Ultimate  Analysis  of  Organic  Substances. 

3003.  The  analysis  of  vegetable  and  animal  matter  bu 
been  latterly  accomplished  by  heating  the  substance  witk 
oxide  of  copper,  so  as  to  oxidize  all  the  carbon  and  hydrogeOi 
and  liberate,  in  the  gaseous  state,  any  nitrogen  which  ffltjT 
be  present.  The  hydrogen  has  been  in  general  estimated 
from  the  water  produced ;  the  carbon,  from  the  quantity 
of  carbonic  acid.  Hence  the  products  of  the  operation 
have  been  first  passed  over  chloride  of  calcium,  and  after- 
wards subjected  to  hydrate  of  potash,  lime-water,  or  alka- 
line solutions.  The  water  is  estimated  from  the  increased 
wei«[lit  of  the  chloride,  and  the  carbonic  acid  bv  the  vo- 
lumc  absorbed,  or  the  increased  weight  of  the  alkaUne  Bt^' 
lution  employed  for  its  detention. 

3004.  By  Messrs.  Will  and  Varrentrapp,  the  proportioo 
of  nitrogen  in  a  compound  has  lately  been  ascertained  bf 
heating  it  with  a  mixture  of  quicklime  and  hydrate  « 
soda,  in  a  tube  of  refractory  glass.  I  nder  these  circum- 
stances, the  element  in  question,  uniting  with  hydrogen  to 
form  ammonia,  is  easily  secun^d  bv  moans  of  a  dilute  so- 
lution  of  chloroliydric  acid.  Tlie  resulting  chloride  of  am- 
monium is  prcci[)itated  by  chloroplatinic  acid,  and  the  re- 
sulting salt  is  washed  in  a  mixture  of  ether  and  alcoh(i 
The  quantity  of  nitrogen  is  estimated  by  the  table  of  equi- 


ULTIMATE  ANALYSIS  CfF  ORGANIC  SUBSTANCES.  375 

and  by  ascertainiDg  the  loss  of  weight  consequent 
mure  to  a  red  heat.  Agreeably  to  the  table  of 
^nts,  iv  of  the  loss  thus  sustained  is  nitrogen. 
.  When  chlorine  is  present,  chromate  of  lead  is 
lieu  of  the  oxide  of  copper,  because  the  chloride  of 
being  volatile,  would  be  carried  into  the  cavities 
ed  for  the  absorption  of  water  and  carbonic  acid. 
.  When  liquids  are  to  be  analysed,  small  portions 
oduced  into  glass  bulbs  so  as  to  alternate  in  a  tube 
ide  of  copper,  or  some  other  oxidizing  agent. 

Mode  in  which  the  Ultimate  Ponderable  Elements  of 
Organic  Bodies  are  associated. 

.  As  in  the  analysis  of  the  mineral  kingdom,  we  de- 
as  elementary,  those  substances  which  we  cannot 
further,  so,  in  examining  organic  products,  those 
ces  of  which  the  grouping  cannot  be  altered  without 
ing  their  most  important  characteristics,  are  to  be 
as  the  elementary  principles,  by  which  the  nature 
K)unds  is  to  be  understood  and  described. 
.  Liebig  alleges,  that  the  principal  object  of  organic 
try,  is  the  investigation  of  the  properties  and  com- 
1  of  organic  combinations,  and  the  mode  in  which 
3ments  are  grouped.  The  idea  attached  to  the  word 
I  in  this  instance,  may  be  illustrated  by  contempla- 
5  formula  of  a  compound  in  one  way,  so  as  to  exhi- 
'  the  proportions  in  which  each  ultimate  element 
n  it ;  in  another  way,  so  as  to  make  evident  not 
eir  proportions,  but  their  grouping  likewise.  Thus 
mula  C^  O^  shows,  that  two  atoms  of  carbon  and 
f  oxygen  enter  into  the  composition  of  oxalic  acid ; 
X  CO^  shows,  that  this  acid  is  composed  of  car- 
•xide  CO,  and  carbonic  acid  CO^  (556,  &c.). 
'.  In  like  manner,  cyanhydric  acid  may  be  repre- 
as  a  compound  of  two  atoms  of  carbon,  one  of  ni- 
and  one  of  hydrogen,  C^  N  H,  or  as  a  compound 
lOgen,  C^N  and  hydrogen,  II,  formula,  C?N+H. 
>.  The  compounds  thus  cited,  CO  carbonic  oxide,  and 
anogen,  are  considered  as  acting  as  compound  ra- 
This  appellation  is  employed  to  designate  in  these 
68  and  in  others,  certain  groups  of  ultimate  ele- 
nrhich  appeared  to  be  endowed  with  the  power,  like 
'  simple  ultimate  elementary  atoms,  of  entering  in 
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combination  with  one  or  more  of  their  composing 
or  of  other  simple  elementary  or  compound  atoms.* 

301 1.  From  a  deficiency  of  better  words  I  shall  couiii^ 
a  ^^  compound  radical,''  so  called  by  Liebig,  as  a  com] 
element,  when,  like  cyanogen  or  ethyl,  it  acts  as  a 
element.     I  shall  restrict  the  use  of  the   name 
agreeably  to  the  definition  in  my  Inorganic  Cbemistiyi 
such  bodies  as  do  not  form  the  comn^on  ingredient  (x 
acid  and  a  base. 

3012.  Compound  elements,  like  cyanogen,  which, 
they  unite  with  an  anion  and  a  cathion,  form  with 
former  an  acid,  with  the  latter  a  base,  I  consider  as  to*] 
longing  to  the  basacigen  class  (627). 

3013.  As  on  the  one  hand,  it  is  seen  that  cyanogen  ft\ 
forms  the  part  of  a  basacigen  body,  or  one  capable  of  pi*| 
ducing  acids  and  bases,  by  combining  with  radicals;  80|Qi 
the  other,  we  may  perceive  ammonium,  consisting  of  If 
drogen  and  nitrogen,  N  x  H^  capable  like  a  metallic  ni-j 
cal  of  forming  compounds  with  the  basacigen  class,  wUcki 
have  basic  properties  in  some  instances  of  great  eneig^ 
But  latterly,  pursuant  to  the  suggestion  of  Kane,  ammoHi 
is  conceived  to  contain  a  compound  element  analosoosH 
cyanogen,  consisting  of  NH^  which  is  called  amidei  ad 
which  combines  with  hydrogen  and  other  radicalsi  finv* 
ing  compounds  called  amidurets,  capable  of  union  with 
other  definite  compounds.  Thus  it  is  inferred,  that  white 
precipitate  consists  of  amide,  mercury  and  chlorine.  Ml* 
Hg  +  CI  Ilg,  the  symbol  of  amide  is  Ad,  which  being 
substituted  in  the  above,  we  have  Ad  Ilg  4-  CI  Hg  for  the 
fonnula  of  white  precipitate.t 

^JOl 4.  This  view  of  the  subject  is  now  generally  sanc- 
tioned, although  neither  amide  nor  ammonium  have  been 
isolated. 

3015.  In  fact,  it  has  been  shown  of  late,  that  there  area 


*  Strictly,  an  element  cannot  bo  compound;  but  cbcmists,  before  the  ideiof< 
pound  radicals  ori<jinated,  distinguished  compounds  capable  of  entering  into 
bination  and  of  bemir  separated  a;rain,  and  transferred  to  other  com^Ktuncs,  as 
mate  elements,  in  contradiction  to  simple  elements  also  called  ultimate  elei 
Upon  this  view  of  the  subject,  the  ultimate  analysis  has  l>oen  understtHxi  to  coanf 
the  idea  of  the  resolution  of  a  substance  into  its  simple  element.s,  in  ciintraduW*- 
lion  to  an  analysis  by  which  its  proximate  elements  are  separated.  AlcohM  ^ 
jectod  to  ultimate  analvsis  wouUl  be  converted  into  hydros:en,  nxv|ren  and  a 
while  by  another  procedure,  it  may  be  resolved  into  its  pr«»xiniate  element* 
and  ether.  I  feel  myself  authorized,  under  this  view,  to  call  llmtie  bt>die!«  com\ 
dements,  which,  consisting  of  more  than  one  element,  act  like  simple  eleinenta. 

f   N  is  the  symbol  of  nitrogen,  H  of  hydrogen,  CI  of  chlorine,  Ad  of  amide,  Hf*' 
hydrargyrum  or  mercury  (.">o(),  «5tc.). 
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iber  of  compound  radicals  existing  in,  or  arising 
stable  or  animal  matter,  as  capable  of  uniting  with 
bodies  as  do  elementary  radicals,  forming  like 
des,  chlorides,  bromides,  iodides,  fluorides,  cyan* 
hides,  &c.  Of  the  compounds  thus  produced, 
'  the  part  of  a  radical  in  an  acid,  some  an  analo- 
e  in  a  base  or  even  of  an  alkaline  base.  More- 
Lcids  and  bases  thus  produced,  unite  similarly  to 
lerated  by  a  union  of  ultimate  elements,  wuich 
n  many  cases  competent  to  displace  from  com- 

impound  organic  radicals  may  be  divided  into 
ses  accordingly,  as  capable  of  forming  acids,  or 
neither.  Hence,  they  may  be  distinguished  as 
n  as  basifiable,  or  as  indifferent. 

rhe  acidijiable  compound  radicals  are  as  follows : 

FormaU. 

oxide  or  protoxide  of  carbon,  -  CO 

or  bicarburet  of  nitrogen,  -  C?  N 

sesquicarburet  of  nitrogen,  -  C"  N* 

benzule  or  benzyl,       -        -  -  (?^  H*  O* 

or  cinnamule,              -        -  -  C^  H®  O* 

'salicule,            -        -        -  -  C"  ff  O' 

acetule,              -        -        -  -  C^  H' 

•  formula,            -        -        -  -  C*  H 

The  basifiable  compound  radicals  are 

N  H* 

thule, O  W 

methule, C?  ff 

etule,  C«H^ 

)r  glycerule  -        -        -        -  C*  H^ 

.mule  C'*^H" 

•misitylcne  -        -        -        -  C*  H* 

»rkacodule  -        -        -        -  OH* 

There  are  likewise  some  subordinate  compound 

Ls  with  very  few  exceptions  in  formulse  expressing 
(sition  of  organic  substances,  only  four  different 
reauisite,  with  the  figures  showing  the  relative 
18,  the  employment  of  symbols  for  that  purpose 
J  highly  advantageous.    The  student,  therefore, 


97S  ORGANIC  CHEMISTRY. 

\9  advised  especially  to  overcome,  by  a  proper  degraof 
resolution,  any  repugnance  to  the  study  of  the  IbmMlt 
above  given,  or  others  which  may  be  resorted  to  inlfail 
or  in  other  modern  treatises  of  chemistry.  A  corapaiiBi 
of  their  formula;,  respectively,  will  convey  an  idea  of  lit 
difference  in  composition  existing  between  the  radkals  ■ 
the  preceding  list. 

3021.  Agreeably  to  Liebig,  the  term  "  compound  raikiF 
denotes  a  class  of  compound  bodies  possessing  tl»e  capMiff 
of  uniting  with  the  simple  elements,  and  forming,  wA 
them,  combinations  analogous  in  their  properties  to  i 
binations  of  two  simple  elementary  bodies. 

3022.  From  combinations  formed  as  above  mcntii 
the  simple  element  may  be  removed  and  replaced  by 
ther  clement,  simple  or  compound. 

3023.  According  to  the  same  authority,  compound  n* 
cals  are  capable  of  combining  with  each  other,  and  rf 
forming  acids  with  oxygen,  Bulphur,  or  hydrogen. 

3024.  He  assumes  that  all  organic  compounds  iiiaybl 
arranged  in  groups,  each  derived  from  their  appropraU 
compound  radical  by  the  combination  of  thin  ruilical  wi4 
elementary  atoms,  and  the  union  of  the  resulting  cam- 
pounds  with  other  compound  bodies. 

3025.  Under  the  bead  of  crystallization  (494),  I  advert- 
ed to  the  fact  that  certain  elements  may  be  substituted.  ii» 
one  for  rhe  otlier,  without  changing  the  crjslalliiie  form. 
Dumas  has  latterly  held  an  analogous  doctrine  remcciing 
the  substitution,  in  organic  products,  of  one  element  lot  ano- 
ther, or  of  a  compound  radical  for  an  element^  wilboot 
"allering  (he  general  chemical  ty})e"  as  he  calls  it;  and 
would  have  the  bodies  thus  formed  grouped  together,  eofr 
atituting  a  natural  family.  Liebig  alleges,  that  "redjifr 
cal  substitution  of  simple  or  compound  bodies,  actuig  n 
the  manner  of  isomorphous  bodies,  should  tie  considoffl' 
aa  a  true  law  of  nature."  This  substitution  may  takepl»c* 
between  bodies  which  have  neither  the  same  form,  nor Uf 
analogy  in  composition.  It  depends  exclusively  on  tlM 
chemical  force,  which  we  call  aftmity. 

3020.  In  consonance  witli  the  law  in  question,  DunM  1 
has  found,  that  in  acetic  acid  chlorine  may  be  gubstitond  | 
for  hydrogen,  and  that  in  this  way  a  new  acid,  designtlrf 
as  chloroacetic,  may  be  produced. 

3027.  This  chioroacelic  acid  I'i  by  him  alleged  to  be^Ji 
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^perties,  so  analogous  to  acetic  acid,  that  to  know 
ibitudes  of  the  one,  conveys  an  idea  of  those  of  the 
This  analogy  he  conceives  to  arise  from  a  chemi- 
V,  agreeably  to  which  the  properties  of  a  compound 
1  rather  on  the  type  of  the  composition,  than  on  the 
Lilar  character  of  the  elements  which  may  have  been 
iged. 

8.  Berzelius  asserts  that  chloroacetic  acid  differs 
from  acetic  acid  in  properties,  and  that  the  facts  ad- 
justify  nothing  beyond  an  opinion,  originally  ex- 

d  upon  the  subject  by  Dumas  himself,  who,  speaking 

law  of  substitution,  admitted  it  to  be  an  ^^  empirical 

^serving  our  attention  only  so  long  as  it  mignt  hold 

9.  It  appears  to  me,  that  the  facts  of  the  cases  ad- 
to  in  the  support  of  the  doctrine  of  substitution, 

istrate  them  to  come  under  the  fourth  case  of  affi- 
523),  in  which  two  bodies,  simple  or  compound, 
in  union,  another  body,  added  in  excess,  unites  with 

0.  In  the  case  of  acetic  acid  exposed  to  an  excess  of 
ae,  there  is  the  affinity  between  hydrogen  and  chlo- 
md  that  between  chlorine  and  the  elements,  with 
hydrogen  is  previously  combined. 

1.  Hence  results  chlorohydric  and  a  new  acid,  called 
acetic,  in  which  chlorine  may  act  as  a  radical,  as  it  is 
I  to  do  in  its  combinations  with  oxygen.  The  exist- 
•f  chlorocarbonic  acid  demonstrates  that  the  display 
lity  between  chlorine  and  oxides  of  carbon,  is  not  an 

2.  Either  of  the  classes  of  radicals  abovementioned, 
e  distinguished  into  primitive  and  derived  radicals. 
1,  a  sesquicarburet  of  nitrogen,  is  derived  from  cy- 
n ;  and  acetyl  and  formyl,  from  ethyl  and  methyl. 

3.  Being  convinced  that  in  the  present  state  of  che- 
,  more  even  than  heretofore,  it  is  best  to  aim  at 
d  knowledge  first,  and  afterwards  to  proceed  to 
alars,  I  shall  not  treat  of  the  compounds  formed 
adicals  or  products  obtained  from  them,  under  their 
respectively,  unless  where  the  substances  alluded  to 
practical  importance. 

19 


380  ORGANIC  CHEMISTRY. 

Of  Amide,  NW. 

3034.  Ammonia,  it  will  be  remembered,  consists  of 
atom  of  nitrogen  and  three  of  hydrogen,  NH^  Amidei 
assumed  to  consist  of  one  atom  of  nitrogeo  and  twoij 
hydrogen,  as  the  formula  above  given  indicate*. 

3033.  The  plicnomena  which  ensue  whtii)  potas»um 
heated  in  ammonia,  had  long  been  an  object  of  luisuccai 
ful  speculation.  The  metal,  when  so  exposed*  becooa 
converted  into  an  oli%e-colourcd  mass,  which,  by  conlaq 
with  water,  is  converted  into  potash  and  ammonia. 

303G.  I  believe  that  Dr.  Kane  was  the  hrsl  to  suggirf 
that  in  this  case  the  alkulihable  metal  takes  tfte  compom 
radical,  amide,  from  lite  ammonia.  Thus  a  compounlil 
generated  of  amide  and  potassium.  When  the  amidnflE 
of  potassium,  produced  as  described,  is  presented  MQ 
water,  this  liquid  regenerates  ammonia,  by  siipnl>'tng  • 
additional  atom  of  hydrogen  to  the  amide,  while  tbe  pt 
tassium  is,  by  simultaneous  oxidizcmeut,  converted  n 
potash.  It  follows  that  ammonia  is  an  amiduret  of  h 
drogen. 

3037.  Compounds  of  amide  are  called  amides  by  Ijd 
amidides  by  Kane;  though  it  will  be  seen,  ihat  when  a 
bined  with  hydrogen,  Liebig  designates  the  resulting  ooaj 
pound  as  a  hi/drtiret;  in  French,  hydrure,  CoawMDnr 
with  the  nomenclature  which  I  have  employed,  tllB  teiBiH 
nation  in  ide  is  restricted  to  the  basacigcn  class;  I  iAbA 
therefore  use  the  termination  in  urcl  for  the  compotHMlB  or 
amide.  It  is  singular  that  Licbig  should  use  the  ssmK 
word,  amide,  for  the  radical  and  for  its  comjKtunds.  ' 

3038.  As  by  the  subtraction  of  an  atom  of  bydrogtf 
from  ammonia,  amide  is  generated,  so,  hy  the  additiotw 
a  like  atom,  we  generate  ammonium,  of  which  I  hanth 
ready  treated  (1106).  J 

3039.  Liebig  represents  amide  as  acting  with  faydiegn 
in  the  place  of  an  electro-positive  radical.  Hence,  agn*; 
ably  to  his  language,  ammonia  is  a  "hydrun;  d'amide,**!! 
iinglish,  a  hydruret  of  amide;  or,  more  briefly,  he  calbC 
hyJramide.  Of  course,  consistently,  ammonium  is  a  bil^ 
druret,  or  hihydramide.  ■^ 

3010.  The  following  formula  will  serve  to  cjcplajn  M 
composition  of  some  of  the  compound.-)  of  amide.  Il  sborfl 
be  kept  in  mind  tliat  Ad  is  the  symbol  of  amide.     WhJII 
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recipitate  is  a  compound  of  amiduret  of  mercury  and  bi- 
hloride,  Ad,  Hg  +  Hg  CP.  Another  amido-chloride  is 
>rmed  by  the  reaction  of  white  precipitate  with  alkalies, 
'hen  results  a  compound  of  an  amiduret  with  the  bioxide 
od  bichloride  of  mercury.  Ad  Hg  +  Hg  O*  +  Hg  CP. 
Vo  atoms  of  amiduret  of  mercury  unite  with  a  subsul- 
hate,  whence  we  have  a  biamido-subsulphate.  Ad  Hg^  + 
o'  2HgO.  Biamido-sesquinitrate  of  mercury  consists  of 
vo  atoms  of  amiduret  of  mercury,  two  of  acid,  with  three 
r  bioxide  of  the  same  metal,  2Ad  Hg  +  2N(y  3Hg  O*. 
mido-subnitrate,  consisting  of  an  atom  of  amiduret  and 
wo  of  subnitrate.  Ad  Hg  NO*  2HgO. 

3041.  White  precipitate  has  been  designated  as  chlor- 
mide  of  mercury:  I  prefer  the  name,  above  employed, 
f  amido-chloride. 

Q/*  Carbonic  Oxide  as  a  Compound  Radical. 

3042.  Of  this  radical  I  have  already  treated  as  an  oxide 
f  carbon.  By  combining  with  carbonic  acid,  CO*,  it  con- 
dtutes  oxalic  acid,  C?  O^.  This  acid,  by  combining  with 
ydrated  ammonia,  NH^  +  HO,  or  more  properly  with  ox- 
ie  of  ammonium,  consisting  of  the  same  ultimate  elements 
ifierently  grouped  (1116),  forms  neutral  oxalate  of  ammo- 
lia,  so  called.  This  oxalate  is  principally  used  as  a  test 
^r  lime. 

3043.  Chloroxy carbonic  acid  is  a  product  of  the  union  of 
arbonic  oxide  with  chlorine,  of  which  some  mention  has 
«en  made  (1240). 

3044.  Carbamide  is  the  name  given  to  a  compound 
brmed  by  the  union  of  carbonic  acid  with  amide.  It  is 
ibtained  by  mingling  chloroxycarbonic  acid  with  ammo- 
lia.  In  this  way  solid  white  crystals  are  produced,  con- 
isting  of  carbamide  and  chloride  of  ammonium. 

3045.  Oxamidcj  C?  O^  +  Ad,  consists,  as  may  be  seen 
rem  the  preceding  formula,  of  two  atoms  of  carbonic  ox- 
de  and  one  of  amide.  It  may  be  designated  as  an  amido- 
xode  of  carbon. 

30461  This  compound  is  obtained  in  great  purity,  by 
lecomposing  oxalic  ether  by  liquid  ammonia,  or  by  heat- 
ing an  oxalate  of  ammonia  in  a  retort,  with  a  receiver  an- 
lezed.  The  oxamide  passes  into  the  receiver,  and  con- 
ieiuies  in  white  flocks.  These,  being  insoluble  in  water, 
lie  depurated  by  washing  with  this  liquid  upon  a  filter. 
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3047.  Oxamidc  is  described  ns  a  brilliant  white  powder, 
insoluble  in  iilcoliol,  ether,  and  in  cold  water,  but  sotuUe, 
in  a  small  proportion,  in  hot  water. 

3048.  Subjected  to  dry  diatillittion,  it  is  resolved  inlo 
water,  carbonic  acid,  cyanhydric  acid,  cyanic  acid,  aad 
ammonia. 

^OIO.  Oxumido  diflbrs  from  tlic  common  oxalate  of  snh 
monia,  consisting  of  oxalic  acid  and  oxide  of  ammcahum 
in  having  two  atoms  less  water. 

3050.  Oxalic  ether,  which  may  be  decompowHl  inslautly 
by  an  aqueous  solution  of  ammonia,  consists  of  anliydroas 
oxalic  acid  and  elher,  or  oxide  of  ethyl.  The  ^d  yictds 
an  atom  of  oxygen  to  one  of  hydrogen  to  form  water,  by 
which  the  ether  is  converted  into  alcohol,  while  on  U»e 
one  side  there  remains  carbonic  oxide,  CO,  on  the  other, 
amide,  Nil',  which  by  reciprocal  union  con.'^litute  oxamidc 

3051.  When  oxamidc  is  heated  with  alkalies  or  acids. 
by  the  accession  of  an  atom  of  water,  oxalic  acid  aod  am- 
monia are  generated.  The  same  result  ensues  from  the 
exposure  of  a  mixture  of  oxamide  and  water,  to  a  tempen- 
ture  above  the  boiling  point. 

OfBmzule,  '*"\zoite  or  Benzyle,  C",  IP,  C. 
3053.  The  preceding  name  is  given  to  a  compoaod  i>- 
dical  inferred  to  exist  in  benzoic  acid,  and  in  the  esaentiBi 
oil  of  bitter  almonds,  giving  rise  to  several  intcrestiiigeom- 
poundti.  By  the  addition  of  an  atom  of  oxygon  am  an 
atom  of  water,  it  forms  crystnllizable  benzoic  acid,  which, 
like  many  other  acids,  cannot  e^ist  wi'liout  an  atom  of 
water,  or  some  other  base. 

3053.  l)y  the  substitution  of  an  atom  of  hytlrogen  for  u 
atom  of  oxygen,  benzoic  acid  is  converted  into  the  pore 
essential  oil  of  bitter  almonds,  C",  HS  O*,  which  Uebig 
designates  as  a  hydruret  of  henznle. 

3054.  By  bringing  cither  of  the  halowen  bodies  (627), 
or  various  acids  in  contact  with  this  hydruret,  with  or 
without  expoaurc  to  the  distillatory  process,  a  varirtv  of 
compounds  may  lie  produced.  These  compounds,  io  com* 
position  and  properties,  are  somewhat  analogous  to  etben; 
masmuch,  as  they  mix  either  with  ether  or  alcohol,  and  t^ 
tain  their  radical  with  an  energetic  allinity. 

3055.  The  hydmrct  of  l)en7,ulc  does  not  pre-exiet  in  bit 
ter  almonds,  but  is  the  product  of  the  myst^ous  catalying 
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influence  of  two  substances  which  they  contain,  amigdalin 
and  emulsin,  or  synaptase,  in  an  aqueous  mixture  when 
subjected  to  distillation.  During  the  reaction  thus  in- 
duced, cjranhydric  acid  being  generated,  endows  the  resul* 
ting  oil  or  hydruret,  with  a  well  known  poisonous  proper* 
ty,  which,  in  the  absence  of  that  acid,  has  been  ascertained 
not  to  exist. 

3096.  Benzule  forms  a  compound  with  amide,  called 
benzamide,  by  th6  reaction  of  chloride  of  benzule  with  drr 
anmioniacal  gas;  and  likewise  an  acid,  by  uniting  with 
formic  acid,  called  formobenzulic  add.  Hippuric  acid, 
which  is  the  uric  acid  of  the  horse,  consists  probably  of 
benzamide  and  another  peculiar  acid;  or  of  hydruret  of 
benzule,  with  cyanbydric  and  formic  ai^ids. 

3057.  Accoiding  to  Mr.  Alexander  Ure,  benzoic  acid 
taken  internally  by  man,  is  discharged  in  the  urine  as  hip- 
poric  acid,  the  proportion  of  uric  acid  undergoing  a  cor- 
reqx>nding  diminution. 

Cinnpmyl,  C«,  11\  O*. 

3058.  Between  this  radical  and  benzule,  there  is  much 
analogy;  since  cinnamyl  plays  a  psat  in  pure  oil  of  cin- 
namon, or  hydruret  of  cinnamyl  and  c^  nnamic  acid,  analo- 
gous to  that  which  benzule  plays  in  its  hydruret  and  in  ben- 
zoic acid.  In  either  case,  the  substitution  of  oxygen  for 
hydrogen,  converts  the  hydruret  into  an  acid  havmg  the 
same  radical. 

3059.  Cinnamyl  exists  in  oil  of  cinnamon,  which,  when 
pure,  constitutes  p  hydruret,  and  in  an  acid  called  cynnamic, 
playing  a  part  similar  to  that  which  benzule  has  been  re- 
presented as  performing  in  two  analogous  compounds.  In 
either  case,  the  oily  hydruret  may  be  converted  into  an 
acid  having  the  same  radical,  by  the  substitution  of  an 
atom  of  oxygen  for  one  of  hydrogen. 

3060.  This  radical  is  said  to  exist  in  an  oil,  separable 
from  the  balsams  of  Peru  and  Tolu. 

3061.  It  does  not  appear  that  the  compounds  formed 
with  this  radical  are  numerous  or  important. 

3062.  By  the  reaction  of  pure  colourless  nitric  acid  with 
CSiiiiese  oil  of  cinnamon,  a  crystallized  nitrated  hydruret 
of  cinnamyl  may  be  obtained,  Gi(  H^  0*  +  HO  +  NO*, 
which  by  addition  of  water  liberates  the  pure  hydruret  of 
dnnunyle,  C^  fl»,  O". 
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O/Salicyl,  0\  W,  O. 

3063.  This  hypothetical  radical  is  inferred  to  exiMn 
the  oil  of  the  spirea  ulmaria  or  queen  of  the  meadow,  and 
in  that  evolved  from  a  neutral  crystaliizabU-  nubettaiKei 
called  salicin,  which  may  be  extricated  from  the  loavei 
and  bark  of  any  gpecies  of  willow,  of  which  those  part* 
have  a  bitter  taste;  and  also  from  some  species  of  pi^iUr. 
It  was  originally  discovered  by  Bucbner  and  Loronz,  in 
the  bark  of  the  salix  helix. 

iJ0t>4.  This  radical  has  a  great  analogj'  to  benzute  m 
properties,  as  well  as  proximity  in  composition*  as  umst 
be  evident  from  a  comparison  of  their  respective  fomuib. 
It  is  in  fact  benzule  plus  two  atoms  of  oxygen. 

3005.  The  oil  above  mentioned  ha»  the  same  relalkn 
to  salicyl,  that  the  oil  of  bitter  almonds  has  to  benzole, 
boUi  being  hydrurels.  The  oil  of  spirea  is  treated  as  a  by- 
dracid,  which  it  will  be  well  to  keep  in  mind  when  eour- 
ness  is  insisted  upon,  as  a  property  peculiar  to  what  are 
improperly  called  hydracids. 

3066.  This  hydruret  may  be  obtained  in  a  stale  which  i* 
isomeric,  if  not  identical  with  that  in  which  it  h  extricated 
lix>m  the  spirea,  by  distilling  one  part  of  sahcin  with  three 
parts  of  bichromate  of  potash,  four  and  a  halfnf  sulpbanc 
acid,  and  thirty  parts  of  water. 

30<i7.  It  is  a  colourless,  oily,  inflammablo  liquid,  with  a 
burning  taste;  density  1.731,  freezing  at  4",  boiling  at  3^.7 
when  obtained  from  spirea,  but  3.')9.r)  as  obtaiued  froiD 
salicin.     It  dissolves  easily  in  water,  alcohol  and  ctlicr. 

3068.  Salicyl,  hke  benzule,  forms  compounda  with  the 
halogen  bodies,  or  with  acids,  by  their  reaction  with  Itsbj- 
druret.  The  reaction  with  ammonia  difters  from  that  of 
benzule,  as  it  unites  with  the  ultimate  element,  niuogeo, 
instead  of  amide. 

3069.  If  this  be  really,  as  ig  generally  now  beliered  b» 
chemists,  the  radical  in  the  well  known  liquid,  alcohol 
certainly,  for  good  or  evil,  it  is  one  of  the  most  importairt 
and  interesting  compounds  in  nature. 

3070.  In  the  year  1836,  in  tlie  Inst  edition  of  my  (V 
ganic  Cliemistry,  agreeably  to  the  doctrine  prevailing  it 
the  time,  I  treated  alcohol  as  a  compound  of  two  atoou  of 
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T  and  one  of  etherine,  C^  H^  +  2H0.  Common  ether 
ring  from  alcohol  only  in  having  an  atom  less  of 
ir  essential  to  its  constitution,  was  represented  to  be 
>nohydrate  of  etherine,  CS^  H^  +  HO.  rfo  change  has 
Q  place  as  to  the  ultimate  analysis  of  these  Uquids. 
only  as  to  the  grouping  of  the  ultimate  elemen- 
constituents,  by  which  we  haye  in  ether,  C^  H^, 
in  alcohol  the  formula  of  ether,  with  an  additional 
I  of  water,  O  WO  +  HO.  Thus,  instead  of  a  manfh 
lie  of  etherincy  ether  becomes  an  oxide  of  ethyl;  and 
lol,  from  a  hihvdrate  of  etherine^  is  transferred  into  a 
ited  oxide  of  etkyL 

fix.  Agreeably  to  either  view,  the  transformation  of 
lol  into  ether  requires  only  the  removal  of  an  atom  of 

fl%  It  is  well  known  that  common  ether  may  be  ob- 
d  by  the  distillation  of  alcohol  with  sulphuric  acid, 
that  when,  to  the  materials  employed  for  tnis  purpose, 
cid,  or  a  salt  containing  an  acid,  is  added,  an  etherial 
)ound  of  ether  with  the  acid,  having  more  or  less  ana- 
with  common  ether  in  properties,  may  be  obtained* 
>73.  There  is  hardly  an  acid,  with  which  a  peculiar 
r  bearing  its  name  has  not  been  formed,  such  as  nitric 
r,  acetic  etlier,  tartaric  ether,  oxalic  ether,  muriatic 
r,  die. 

>74.  The  rationale  is  evident :  as  to  convert  alcohol 
ether,  the  removal  of  an  atom  of  water  is  all  that  is 
isite;  to  generate  any  other  ether,  it  is  only  necessary 
this  oxide,  in  its  nascent  state,  shall  be  in  contact  with 
icid,  or  be  presented  to  any  basacigen  body  in  union 
hydrogen ;  so  that  the  ethyl  may  be  deoxidized  by 
brmation  of  water,  and  presented  naked  to  the  basaci- 
element. 

fib.  Under  this  view  of  the  composition  of  ether,  it 
laccoun table,  that  this  oxide  will  not  combine  with 
$,  excepting  when  it  is  in  a  nascent  state;  but  this^ob- 
>n  may  apply  also  to  the  existence  of  etherine  as  the 
of  the  ethers. 

176.  It  does  not  appear  that  ethyl  has  ever  been  iso- 
L  I  have  not  only  distilled  pure  ether  from  potas- 
,  without  decomposing  it,  but  have  likewise  cohobated 
ith  potassium  in  a  glass  tube,  hermetically  sealed. 
lower  end,  to  which  the  contents  naturally  subsided, 
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was  kept  boiling  by  a  water  bath  for  soverat  days,  « iibool 
being  uecomjiascil  more  than  pnrtinlly.  The  potaf^inn 
became  coaled  with  a  white  crust,  wliich  being  removed, 
the  metal  appeared  in  its  metallic  Mate. 

3077.  The  elherial  compounds  of  clhyl  may  be  cJani* 
lied  as  forming  one  order  of  ethyl  ethers. 

3078.  We  have  then,  in  this  order,  the  following  cImb- 
ea: — Class  Ist.  Simple  ethers,  formed  by  the  union  of  othjrl 
with  any  basacigen  clement  which  are  named  after  nch 
element. 

3079.  Id  this  class  we  have  the 

Oxide 

Chloride 

Bromide 

Iodide  >     of  ethyl. 

Sulphide 

Selenide 

Telluride 

3080.  Complex  ethers  are  formed  by  the  union  of  u 
acid  with  any  one  of  these.  E.\ccpting  tlioso  furnicd  with 
the  oxacids  and  sulphydric  acid,  there  are  no  elhert  io 
this  class.  The  oxacid  ethers  may  be  considered  as  funn* 
ing  a  genus  comprising  an  etherial  comjiourKl  for  almost 
every  acid  of  importance. 

30S1.  There  is  only  one  sulphacid  ether,  mercapumor 
the  sulphydrate  of  the  sulphide  of  ethyl. 

3082.  In  consequence  of  its  beinj;  obtained  by  die  dis- 
tillation of  sulphuric  acid  with  alcohol,  the  oxide  of  clbyl 
was  formerly  called  sulphuric  ether,  and  is  still  mentioned 
under  that  name  in  commerce,  agreeably  to  the  opinioB 
that  it  consisted  of  water  and  ctherine,  as  other  ctben 
consisted  of  etherine  and  an  appropriate  acid.  In  the  tut 
edition  of  my  Organic  Chemistry,  I  designatefi  this  oiide 
as  hydric  ether.  It  Is  a  curious  consequence  of  the  cbai^ 
which  has  taken  place,  as  above  described,  in  the  preTu- 
ing  opinion  on  this  subject,  that  the  name  above  mentioned 
is  now  due  to  alcohol,  which,  as  respects  com|iosili<Hi,  m, 
in  fact,  hydric  ether.  Yet  it  diHers  from  et)ior»^  in  gcnenl 
in  having  a  stron^j;  afTmity  for  water  in  all  proportions. 

3083.  It  may  be  well  to  premise,  that  I  shall  adupt  for 
the  ojtide  of  ethyl,  when  not  particularly  desirous  to  recti 
its  cheniicul  conipoi^ition,  the  usual  name  of  ether,  which 
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ly  claim  by  prescription,  however  temporarily  it  may 

been  otherwise  designated. 

>84.  As  alcohol  diflfers  from  ether  only  in  the  presence 
I  atom  of  water,  it  follows  that  any  chemical  reaction, 
h  should  effect  the  removal  of  that  atom,  ought  to 
ert  it  into  ether.  Yet,  excepting  the  reaction,  during 
lation,  with  one  or  two  chlorides,  a  resort  to  which 
d  not  be  found  economical,  the  conversion  of  one  li- 
into  the  other  is  accompUshed  by  a  most  complicated 
intricate  play  of  affinities,  which  has  been  a  most  pro- 
source  of  discussion  among  the  most  eminent  che- 
s.  Nevertheless,  this  subject  is  still  debateable,  not- 
standing  that  much  light  has  been  thrown  upon  the  ac- 
fmnying  phenomena. 

>85.  It  may  be  well  for  the  student  to  recollect  the 
ive  composition  of  these  important  liquids,  and  that 
conversion  of  one  into  the  other  arises  from  the  sub- 
)n  of  alcohol,  mingled  with  certain  acids,  to  the  dis- 
ory  process. 
>86.  When  sulphuric  acid  is  employed  as  is  usual,  the 

result  is  a  combination  between  two  atoms  of  this 

one  of  oxide  of  ethyl,  and  one  of  water,  forming  what 
x?en  called,  heretofore,  sulphovinic  acid,  or  what  Lie- 
lesignates  as  the  acid  sulphate  of  the  oxide  of  ethyl. 
87.  Evidently  it  would  be  more  properly  defined  as  a 
le  sulphate  of  ether  and  water;*  for  as,  what  is  called 
entrated  sulphuric  acid,  when  deprived  of  water  as  far 
lis  effect  can  be  produced  by  ebullition,  is  a  sulphate 
ater;  sulphovinic  acid,  consisting  of  one  atom  of  this 
late,  and  one  atom  of  sulphate  of  the  oxide  of  ethyl, 

be  acdouble  sulphate  of  the  oxide  of  ethyl,  and  wa- 
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.  So  long  as  the  proportion  of  water  present  in 

i«  water  in  hydroui  eulphuric  acid,  haa  been  latterly  eonaidered  aa  acting  aa 
■o  that  when  a  metal,  by  contact  with  the  acid,  ditplacea  hydrogen,  it  ii  mere* 
M  in  which  one  radical  supplants  another.  Agreeably  to  a  new  doctrine,  all 
phar  and  oxygen  present,  acts  as  a  compouna  radical,  and,  aa  such,  is  trana- 
iVom  one  radical  to  another;  but  this  I  think  I  have  ahown  to  be  untenable. 
Ibrt  to  refute  the  Arguments  in  favour  of  the  existence  of  Compound  Radicals 
phide  Salts,  6,  92. 

order  to  understand  the  above  given  explanation,  it  should  be  recollected, 
•  boiling  point  of  diluted  sulphuric  acid  rises,  as  the  proportion  of  water  in 
with  it  lessens,  till  it  attains  the  point  at  which  the  sulphate  of  water  itself 
wt,  which  is  about  000^ :  also,  that  the  affinity  of  concentrated  sulphuric  acid 
l«r  is  ao  great,  as  to  enable  it  to  abstract  the  elements  of  this  liquid  from  or- 
■obstancea ;  in  which  case  they  are  blackened,  and  said  to  bo  carbonixed,  in 
■sue*  of  tho  •Tohition  of  carbon. 

50 
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the  mixture  of  sulphuric  ocid  and  alcohol,  is  adequate  W 
keep  the  temperature  Biifficiontly  low,  the  t^lher,  in  At 
double  sulphate,  being  more  volatile  than  the  water,  n- 
isting  in  e.ice88  in  the  solution,  yields  Ihc  acid  to  thuilh 
quid,  and  comes  over,  accompanied  hy  a  proportional  ODt» 
tity  of  steam,  and  at  the  outset,  of  alcoholic  vapour.  Thw 
ether,  alcohol,  and  water,  being  partially  removed,  ibe  pro- 
portion of  acid  relatively  to  the  residual  raaterials,  u  in- 
creased: but  as  this  takes  place,  its  avidity  for  water  asf* 
mcnts,  and  the  boiling  point  of  the  mixture  rises,  la 
consequence  of  the  increased  avidity  for  water,  the  add 
takes  from  a  portion  of  the  ether,  C*  H*0,  an  atom  of  Mcfc 
of  the  elements  of  this  liquid,  HO.  Thus  ctherioe  a 
evolved,  C*  H*. 

3089.  Meanwhile  the  increased  heat  causes  a  portioa 
of  the  etherine  to  give  up  the  whole  of  its  hydrogen  lo  ■ 
part  of  the  oxygen,  of  a  portion  of  the  acid.  Hence  «bI- 
phurous  acid  and  carbon  are  evolved ;  the  one  IteiDg  indi- 
caled  by  the  carbonaceous  colour,  the  other  by  its  wifi 
known  sutTocating  fumes.  Under  these  circumstaDCes,  i 
triple  compound,  consisting  of  sulphuric  acid  and  ojide  of 
ethyl,  and  a  portion  of  undecomposed  etherine,  l>eing  fona- 
ed,  comes  over  with  sulphurous  acid  and  ether,  fonnini 
yellow  liquid.  When  this  liquid  is  deprived  of  its  solplia- 
rous  acid  by  ammonia,  or  any  other  alkaline  base,  and  liic 
ether  is  removed  by  distillation,  tlie  residue  is  the  liiiuid 
long  known  as  oil  of  wine,  being  the  efficient  and  charac- 
teristic ingredient  of  Hoflinan's  anodyne,  erroneouriy  re- 
presented in  several  European  works  as  a  mere  mixture  of 
alcohol  and  ether.  The  preferable  mode  to  isolate  the  oil 
of  wine,  is  to  expose  the  yellow  liquid,  in  vacuo,  over  nrf- 
phuric  acid  in  one  capsule  and  slaked  lime  in  aoothcT' 
The  sulphurous  acid  is  absorbed  by  the  lime,  the  ether  l^ 
the  sulphuric  acid.  The  quantity  of  acid  in  the  oil  varies 
with  the  mode  of  isolation;  being  greatest  when  the  \»H 
mentioned  mode  is  resorted  to. 

305)0,  The  word  ether  was  originally  employed  todesi^ 
natc  a  supposed  elastic  agriform  matter,  vastly  more  rat 
and  subtile  than  air.  It  is  still  used  in  that  sense  as  an  ap- 
pellation for  the  matter,  which  is,  according  to  tlieQn<hi)a- 
tory  theory,  the  medium  by  which  luminous  boilies  radialt 
h^ht.  By  analogy,  the  word  ether  was  employed  to  dfr 
signate  a  liquid  which  bore  the  same  relaticMi  to  olhtf 


•    OF  AGBTTL.  389 

iquidfl,  as  ether  proper  to  air.  This  appellation  has  natu- 
'ally  been  extended  to  other  liquids  analogous  in  proper- 
ies  and  composition.  Of  ethers  in  general,  common  ether 
nay  be  considered  as  the  best  exemplification.  What 
nainly  distinguishes  the  liquids  thus  called,  from  alcohol, 
IS  their  very  inferior  miscibility  with  water.  Many  of 
liem  are,  however,  heavier  than  water,  so  that,  upon  the 
icore  of  density,  they  do  not  merit  to  be  distinguished  as 
^therial. 

3091.  It  will  be  seen  that  there  are  several  hydrates, 
brmed  with  other  compound  radicals,  which  are  congeners 
>f  akohol  in  composition,  and,  to  a  limited  extent,  resemr 
i\e  it  in  properties. 

3092.  Generally,  substances  considered  as  etherial  are 
msceptible  of  distillation,  are  inflammable,  little  soluble  in 
pvater,  but  highly  susceptible  of  union  with  alcohol,  essenr 
ial  oils,  and  resins.  They  are,  for  the  most  part,  fragrant 
ind  stimulating  to  the  taste,  affecting  the  animal  nerves 
lowerfully  when  inhaled,  or  swallowed,  even  in  a  minute 
[uaotity. 

Of  Acetyl,  O  n\ 

3093.  The  preceding  name  has  been  given  to  a  hypo- 
iietical  sub  radical  containing  the  same  number  of  atoms 
)f  carbon  as  ethyl,  with  three  atoms  of  hydrogen  instead 
>f  five.  This  radical  is  inferred  to  play  the  same  part,  in 
I  liquid  lately  discovered  and  called  aldehyde,  that  ethyl 
ioes  in  alcohol.  In  fact,  the  only  difference  in  composi- 
tion existing  between  these  liquids,  is  that  between  their 
"adicals;  the  former  being  produced  from  the  latter  by  the 
"emoval  of  two  atoms  of  hydrogen. 

3094.  Acetyl  is  chiefly  interesting  as  the  radical  of  the 
mportant  acid  of  vinegar,  designated  by  modern  chemists 
IS  acetic  acid.  This  acid,  in  the  hydrated  state,  in  which 
done  it  is  capable  of  isolation,  results  from  the  addition  of 
;wo  atoms  of  oxygen  to  aldehyde.  By  the  lesser  addition 
rf  one  atom  of  the  same  element,  another  acid  has  been 
made,  called  acetous  acid,  or  aldehydic  acid."^ 

*  At  both  this  acid  and  acetic  acid  have  the  same  radical,  the  compound,  having 
1m  leMer  proportion  of  oxygen,  should  terminate  in  ous  (10r)2,  &c.^.  Hence  the 
tcid  in  question  should  be  called  aldehydous  acid,  if  named,  so  as  to  show  its  deriva. 
MNI  from  aldehyde,  and  acetic  acid  should  be  called  aldehydic  acid ;  but  aldehyde 
tfelf  •oten,  as  an  acid^  into  an  ammomacal  compound,  the  formation  of  which  m  ^ 
tpBiamrj  •Up  in  obtaining  it  in  a  state  of  purity.    Of  course,  if  these  compounds 
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3095.  Uy  Liebig,  olefiant  gas  is  treated  as  a  hydntiet 
of  acetyl,  C*  H^  +  H  =  C*  H*,  which  is  just  double  tie 
quantity  of  carliou  and  hydrogen  conlaincd  in  a  volume  of 
olefiant  gas.  But,  according  to  Berzelius,  the  two  aloois 
of  carbon,  and  two  atoms  of  hydrogen,  in  a  volume  of  thii 
gas,  constitute  an  independent  radical,  which  he  culls  cJn^l. 
Agreeably  to  Liebig's  view,  olctiant  gaa  is  isomeric  with 
etherine,  or  ethcrole,  the  name  given  to  etherine  by  hitn. 

3090.  Agreeably  to  the  view  of  the  former,  the  oil  n- 
sulting  from  the  reaction  of  olefiant  gas  with  chlorioe,  ii  s 
chlorohydrate  of  chloride  of  acetyl,  C*  H"  CI  +  IICI,  whale, 
if  the  Berzelian  idea  be  adopted,  it  consists  of  two  alons 
of  elayl  and  two  of  chlorine,  O  H'  CI'. 

3097.  When  this  compound  is  dissolved  in  a  !«oiutioD  of 
potash  and  alcohol,  it  is  decomposed  into  cblorobydrk 
acid,  which  forms  water  and  chloride  of  potasmum  <rilh 
the  potash,  and  a  compound,  which  escapes  in  the  gaseoA 
form,  consisting  of  O  W  CI.  The  composition  of  this  gu 
is  evideotly  such,  that  it  may  be  considered  as  a  chloride 
of  acetyl ;  and  its  formation  must  be  regarded  as  cooSim- 
ing  the  view  taken  by  Liebig  of  the  coni|>o9ition  of  the  oA 
of  the  Dutch  chemists.  Bromine,  like  chlorine,  on  being 
presented  to  olefiant  gas,  produces  a  compound,  which 
may  either  be  considered  as  a  bromohydrate  of  the  bn> 
mide  of  acetyl,  or  simply  as  a  bromide  of  elayl,  io  dhfr 
words,  of  olefiant  gas;  but  which,  by  reaction  with  the  al- 
kalies, evolves  a  gas,  the  composition  of  which,  it  would 
seem,  can  only  be  reconciled  with  the  idea  of  a  bromide  of 
acetyl.  The  action  of  iodine  is  analogous,  but  not  so  weD 
ascertained.  The  product  is  pulverulent  in  its  coDsistoicf, 
but  in  other  respects  resembles  that  which  results  from  ibe 
reaction  of  chlorine  with  olefiant  gas. 

0/  Mesilyl  or  Misili/lenc*  C  H*. 

3098.  The  vapour  of  pure  acetic  acid,  in  passing  tbro*^ 
a  red-hot  porcelain  tube,  is  decomposed,  yielding  a 


be  ill  EDniidered  u  oiieidi  of  iraljl,  m  t  think  would  b«  mom  pr«pM,  iftanAlf  I* 
the  nomenFUlurs  adnpled  in  anilogoiu  initinc«.  lliL'ir  nimea  would  b*  •(■(>(  mA 
attlmu  icid.  and  hyptHuttmu  acid.  But  aldehjdD,  >•  a  eongvner  of  alcoMi  bif** 
bap*,  prrrsribty  deaignatpd  ■■  a  hj'dnted  oxi4a  of  ifal^l. 

*  Liebig  doea  not  latmduec  thji  itdical  into  hii  (rnncral  lilt  of  radiaab,  bat 

of  it  ai  a  product  of  thti  decoinpc»ilion  of  apetvl      The  Mr  '   ' 

napect  to  luroiljl.  although  thii  conlaint,  ai  w'ill  >oon  apptiar.  nnmnic,  ui  n 
which  ioem  not  aiiil  in  tr'iyl  It  will  alio  be  found  thai  ho  pliew  tuftn 
•thjpl,  a*  vivMlojfvtIijiIbi' theifdecomiXKiti        *"'   -  ■■ " " '-' * 


I*  then  decompoutioQ    TliM  doea  not  aopear  Io  ma  jaaiatm, 
lie  Ibal  mMitjl  ii  pl&ced  aodat  aceljl,  •tliyl  abowM  «W 

-J. 
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s,  limpid,  volatile,  inflammable,  empyreumatic  liquid, 
lich  has  received  the  name  of  acetone.  This  liquid  may 
obtained,  also,  by  dry  distillation,  from  any  dry  acetate 
an  alkali  or  alkaline  earth;  also  by  heating  sugar  of 
id  with  quicklime,  by  means  of  an  iron  bottle.  When 
etone  is  distilled  with  half  its  volume  of  fuming  sulphuric 
id,  upon  the  liquid  which  passes  into  the  receiver  a  yel- 
V  oil  swims,  which,  after  being  washed  with  water,  is 
:tified.  The  first  portions  contain  a  little  acetone,  which 
removed  by  redistillation,  by  means  of  a  water  bath. 
3099.  This  oil  is  mesityl,  being  a  colourless,  oleaginous, 
lammable  liquid,  having  a  feeble  odour,  recalling  that  of 
rlic.  It  is  lighter  than  water.  With  alkalies  it  under- 
es  no  change.  With  sulphuric  acid,  nitric  acid,  and 
lorine,  its  habitudes  resemble  those  of  benzule.  Its  com- 
sition  is  equivalent  to  two  atoms  of  acetone^  less  two 
>m8  of  water. 

Two  atoms  of  acetone         2C?  H'O  =  €•  H*  0» 
Deduct  two  atoms  of  water  H*  O* 

And  we  have  mesityl  O  H* 

4000.  Acetone  was  inferred  to  be  an  bydrated  oxide  of 
jsityl;  but  Dr.  Kane,  the  author  of  the  inference,  has 
mitted  that  there  are  not  sufficient  grounds  to  justify 
n  in  retaining  that  idea  of  its  composition.  Acetone 
s  peculiar  and  useful  powers  as  a  solvent.  Many  salts 
lich  are  soluble  in  both  alcohol  and  water,  are  insoluble 
acetone,  especially  chloride  of  calcium  and  hydrate  of 
itash.  It  burns  with  white  flame,  and  has  nearly  the 
me  density  as  alcohol.  Its  taste  is  disagreeable,  having 
me  analogy,  however,  with  that  of  peppermint. 

4001.  Metascetone,  C^  H^O,  is  the  name  given  to  a  co- 
irless,  volatile,  fragrant,  inflammable  liquid,  soluble  in  al- 
hol  and  ether,  but  insoluble  in  water,  and  which  boils  at 
2.5.  It  may  be  considered  as  two  atoms  of  acetone, 
nus  one  atom  of  water,  C«  H«  O*  —  HO  =  C«  HK),  me- 
scetone. 

4002.  This  liquid  is  generated  simultaneously  with  ace- 
ne,  when  one  part  of  sugar,  and  eight  parts  of  powdered 
lick-lime,  are  subjected  to  distillation. 

In  fugar.  Bat  where  a  radical  onl^  furnishes  the  elementary  ingredients  to 
(Cher  compound,  or  derives  its  ingredients  from  one,  I  do  not  conceive  that  any 
Audon  in  claMification  should  be  made  between  it  and  the  lubitances  whence  it 
Irtaiiied,  or  to  the  fonnation  of  which  it  contributes. 
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•1003.  Meaityl  forms  various  compounds  wjih  ttiu  I 
cigon  bodies,  which  it  is  not  deemed  proper  to  dctcnbe 
here.  With  sulphuric  acid  it  forms  a  compound  wbdi 
affords  soluble  salts  with  baryta  and  lime. 

Rejections  on  the  Relation  or  Aiialogy  between  Acet^  Elh^ 
Amidcy  and  Ammonium- 

400'1.  By  the  addition  of  an  atom  of  water,  HO,toai)h 
monia,  NIP,  an  cvide  of  ammonium  is  produced,  NH*U 
which  is  tbc  base  of  ammoniacal  oxysalts  (lllti).  la  lib 
manner  it  was  supposed  by  Uoullay  and  Dumas,  Uialbf 
tho  acquisition  of  an  atom  of  water,  etherine,  a  hydruretw 
carbon  (1267),  was  eaabled  to  play  the  part  of  a  base  * 
the  neutrahzation  of  oxacids.  This  idea  was,  for  come  lim^ 
generally  sanctioned,  aad  hence,  in  the  last  edition  of  Ihii 
Compendium,  etherine  was  represented  as  tbi;  base  of  il 
the  ethers  which  hate,  in  this  edition,  been  representod  M 
haviug  ethyl  as  their  radical,  and  its  oxide  for  their  base. 

4005.  It  has  already  been  mentioned  (1109),  tliat  agiefr 
ably  to  the  doctrine  advanced  by  Berzchus,  and  gcoottlhr 
adopted,  in  the  salts  formed  by  presenting  ammonia  toll- 
quid  acids,  the  elements  of  the  resulting  base  exist,  not  tJ 
a  hydrate  of  ammonia,  but  as  an  oxide  of  ammonium.  So 
far  as  an  analogy  witli  the  habitudes  of  ammoniacal  < 
pounds  would  inHuence  the  view  adopted,  a  corrMpoorfing 
conception  would  be  created,  that  in  ethcriul  corapouhls 
the  base  should  be  an  oxide  of  ethyl,  not  a  hydrate  of 
etherine.  Besides  the  correspondence  thus  csisting,  there 
was  no  small  analogy  between  the  relation  borne  by  amide 
to  ammonium,  and  acetyl  to  ethyl:  the  only  discordaacj 
being,  that  the  susceptibility  of  forming  acids,  dispbyirf 
by  acetyl,  has  not  been  observed  in  amide. 

Of  the  Compound  Hypothetical  Radical,  Kacodyl,  C*  H*AS, 
Symbol  Kd. 

4fX>6.  The  substance  to  which  the  name  alxjvc  mea- 
lioned  has  been  given,  is  one  of  the  many  compound  rwfr 
cals  of  which  the  existence  has  lately  been  inforred  bj 
chemists.  It  has  the  unusual  feature  of  containing,  nmoM 
its  essential  coii.stitucnts,  an  atom  of  a  metalUc  radkai 
arsenic.     Its  name  is  from  ■«•<.  bad,  and  A-i,  odnur. 

4007.  The  protoxide  of  kacodyl  constitutes  a  fetid,  «!■• 
lently  poisonous,  etherial,  spontaneously  mflammablet  Tolir 
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tile^  limiiid  liquid^  long  known  as  the  fmniDg  liquor  of  Cadet, 
Is  diflcoveren  This  liquid,  now  called  alcarsin,  is  obtained 
l>y  distilling  dry  acetate  of  potash  with  an  equal  weight  of 
irsenious  acid.  By  digesting  alcarsin,^  or  oxide  of  kaco- 
lyly  in  cblorohydric  acid,  chlorine  taking  the  place  of  oxy-* 
igeOj  a  chloride  of  kacodyl  results.  From  this  the  radical 
IS  separated,  by  reaction  with  metallic  zinc,  at  the  tempe- 
rature of  230^,  and  remoying  the  resulting  chloride  of  zmc 
\ff  water. 

-  4008.  Kacodyl  is  an  etfaerial,  limpid,  spontaneously  in- 
bnuttable  liquid  having  a  nauseous  odour.  It  sinks  in 
irater  without  dissolving,  but  is  soluble  in  alcohol  or  ether* 
[t  boib  at  338^  At  a  red-heat  its  vapour  is  resoIvaUe 
into  arsenic,  olefiant  gas,  and  light  carburetted  hydro^n. 
4000.  The  following  compounds  are  formed  hy  this  ra- 
dical, of  which  it  does  not  appear  consistent  to  treat  par- 
ticolarfy  here* 


BdO  Alcarsin  Oxide 

KdO  Chlorarsin  Chloride 

Kd  S  Sulpharsin  Sulphide 

Kd  Cy  Cynarsin  Cjranide 

Kd  O*  +  HO  Alcargen  Hydrated  trioxide 


►  of  kacodyl 


4010.  Agreeably  to  the  preceding  formul®  of  the  com- 
pounds of  kacodyl,  it  may  be  seen  that,  excepting  alcar- 
gen, they  differ,  in  composition,  only  as  respects  one  of 
their  innedients,  a  basacigen  element,  to  the  presence  of 
which  they  owe  the  diversity  of  the  names  given  in  one  of 
the  lists. 

4011.  Alcargen,  or  kacodylic  acid,  differs  from  the  rest 
in  holding  an  atom  of  water,  HO. 

4012.  Liebig  supposed  the  bodies  in  question  each  to 
eonsist  of  an  atom  of  acetyl  and  an  atom  of  arsenuretted 
Iqrdrogen,  As  H^  not  grouped  into  one  radical;  but  Ber- 
zriinB  suggested  that  tney  were  so  grouped,  and  this  Bun- 
mi  has  proved  to  be  true,  by  isolating  kacodyl  as  above 
desenbed. 

4013.  It  mav,  however,  be  well  to  point  out,  that  the 
compoaition  of'^  kacodyl  is  consistent  with  the  idea  of  Lie- 
higf  muce  an  atom  of  acetyl,      -        -        -        C*  IP 
and  aa  atom  of  arsenuretted  hydrogen,      ^        As  H' 
an  eipntide  at  to  an  atom  of  kacodyl,        -       C*  IP  As 


3H  organic  chbhistrt. 

4014.  I  object  to  the  unmeaning  names  above  given,u 
not  conveying  any  idea  of  composition.  Hence  1  liiiil 
use  those  which  indicate  the  composition. 

4015.  Alcargen,  more  significantly  called  kacodylicacii 
or  hydrated  trioxide,  agreeably  to  the  nomenclature  whidi 
would  make  hydrous  sulphuric  acid  a  sulphate  of  waler, 
would  be  a  kacodylate  of  water. 

0/ Melhjfl,  a  W. 

4016.  After  it  had  become  evident  that  the  etherial  mid- 
pounds,  derived  from  the  reaction  of  alcohol  with  acids  or 
halogen  bodies,  had  all  a  common  compound  radical,  che- 
mists were  naturally  led  to  infer,  that  there  niiglit  bo  oUkt 
series,  similar  in  their  nature,  having  the  same  eiectm- 
negative  ingredients  united  with  other  compound  radical* 
These  speculative  inferences  first  received  a  practical 
verification,  from  the  labours  of  Dumas  and  Peligot  re- 
specting the  composition  and  combinations  of  pyroiflic 
spirit,  obtained  from  the  products  of  the  destructive  distil* 
lation  of  wood  or  other  organic  products.  From  the  In- 
vestigations of  these  chemists  it  has  been  made  evidenli 
that  pyroxilic  spirit  is  the  alcohol  of  a  series  of  compou^B 
having  methyl  as  a  radical. 

4017.  The  compounds  of  methyl  with  the  basacjgn 
class,  and  those  formed  between  its  oxide  and  acids,  are 
produced  by  reactions  with  methylic  alcohol  or  ether,  or 
their  products,  similar  to  those  by  which  analogous  com- 
pounds with  ethyl  are  effected.  There  is,  likewise,  a  great 
analogy  in  the  properties  of  the  two  series;  yet  meUiTlic 
ether  (or  in  otlier  words  the  oxide  of  methyl  the  com- 
pound which  is  the  congener  of  ether  proper),  is  gaseow, 
m  lieu  of  existing  like  ether  as  a  liquid.  Moreover,  aoi- 
trated  oxide  of  methyl,  or  a  true  methylic  nitric  elhtf,  is 
readily  generated  when  wood  spirit  fhydraled  oxide  of  me- 
thyl), is  presented  to  nitric  acid.  Tnis  etherial  compooD^ 
has  no  congener  among  those  of  ethyl,  because  the  reac- 
tion, between  nitric  acid  and  alcohol,  is  attended  by  > 
reciprocal  decomposition,  by  which  hyponitrous  acid  «t 
evolved  and  combines,  while  nascent,  with  oxide  of  elbyl 
existing  in  an  undecomposed  portion  of  tlie  alcohol 
Hence  it  arises,  that  hyponitrous  ether  is  generated  ifr 
Btead  of  nitrated  oxide  of  ethyl.  On  the  other  band  ■ 
b3rponitrite  of  the  oxide  of  methyl,  results  from  the  r«*e> 
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ion  of  nitfk  acid  with  wood  spirit;  since  the'  decompo- 
ition,  requisite  to  the  development  of  hyponitrous  acid, 
Iocs  not  ensue.  Consequently^  Liebig  alleges  that  no  con- 
vener of  hyponitrous  ether  exists  among  tSd  etherial  com- 
XNinds  of  methyl. 

4018.  I  have  recently  been  enabled  to  fill  up  this  inter- 
nal in  the  methyl  series,  by  subjecting  wood  spurit  to  a  hy- 
lonitrite,  in  contact  with  a  diluted  acid* 

Of  Farmyl. 

4019.  Formyl  has  a  relation  to  methyl,  similar  to  that 
irhich  acetyl  has  to  ethyl.  In  either  case,  there  is  a  radi- 
al differing  from  another,  only  by  the  sabtraction  of  two 
ettooiB  of  hydrogen. 

4020.  The  hydrated  oxide  of  formyl  is  mferred  to  exist 
in  a  liquid,  obtained  by  the  reaction  of  two  parts  of  wood 
%pmt  with  three  of  sulphuric  acid,  three  of  water,  and  two 
parts  of  peroxide  of  manganese.  An  iniSammaUe,  etherial, 
x>]oorless  liquid,  of  an  agreeable  aromatic  odour  and  sus- 
reptible  of  solution  in  three  parts  of  water,  was  thus  pro- 
cured* This  liquid  has  been  inferred  to  be  a  compound 
of  two  atoms  of  oxide  of  methyl,  and  one  of  hydrated  ox- 
ide of  formyl. 

4021.  There  are  in  the  formyl  series  no  compounds 
(X>rresponding  to  aldehyde,  or  acetous  acid.  The  only 
>xide  IS  that  long  known  as  formic  acid,  from  its  having 
been  &nst  obtained  from  ants.  This  acid  is  obtained  from 
formyl,  as  acetic  acid  from  acetyl,  by  the  addition  of  three 
atoms  of  oxygen. 

4022*  Agreeably  to  Liebig,  three  chlorides  of  formyl 
have  been  isolated.  The  percbloride  has  been  known  for 
ft  good  while,  having  been  obtained  by  distilling  alcohol 
irith  hypochlorite  of  lime.  It  was  obtained  about  ten 
jrears  since  in  this  country  by  Gurthrie,  and  for  some 
dme  confounded  with  the  etherial  oil  of  olefiant  gas,  which 
is  now  considered  by  Liebig  as  the  chlorohydrate  of  the 
chkmde  of  acetyl. 

Amyl,  O'  H". 

4083.  A  peculiar  liquid  was  noticed  by  Scheele  to  ac- 
oonpaoy  potato  spirit.  Subsequently,  by  Pelletier,  Ca^ 
boon  and  D  mas,  it  was  inferred  to  be  the  hydrated  oxide 
of  a  pecnliai  *  compound  radical,  to  which  the  name  at  the 
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head  of  this  artiele  was  nwm.  It  fenowa  that  this  fiogl 
latfst  be  a  coogentt  of  alcohol,  its  fonaala  biiDg  O^r 
+  H0. 

4034*  The  amyl  series  of  compounds  eorra^Knida  irik 
those  of  other  radicals  to  a  certam  extent,  but  is  opoa  dv 
whole  very  incomplete,  having  no  oxide  to  occupy  tMflus 
of  a  congener  of  ether.  Even  the  chloride  does  not 
to  be  permanent  per  se.  The  bromide  imd  iodide  are 
enduring,  and  in  their  habitudes  somewhat  analqgoos  IS 
corresponding  combinations  in  the  series  of  other  radieik 

4025.  Yet  in  the  case  of  sulphoamylic  acid,  the  tif^ 
Idgv  is  well  supported  to  other  etherial  double  salphrtlfc 
iMh  as  sulphovinic  acid,  and  there  have  been  fbnMd  mH^ 
phoamylates  capable  of  decomposition  and  of  reproteili 
Ihe  hydrated  oxide,  potato  s{Mnt4 

4028%  Aa  amylio  acetic  ether  has  been  prodncodr  l| 
distillibg  two  parts  of  acetate  of  potash^  one  part  of  pel 
Mirit^  and  OM  part  of  sulphuric  acid*    As  respeelt 
flammabiliOT)  volatility  and  insusceptibility  of  mizton 
water,  the  amylo  acetic  ether  is  truly  etherial  in  its  as 

4027.  By  the  substitution  of  two  atoms  of  oiygen  Aim 
Itte  number  of  hydrogen,  efiected  by  treating  potelo  9^ 
with  hydrate  of  potash,  a  change  in  corapoeitikss 
analogous  to  that  by  which  alcohol  is  converted  into 
acid.  An  acid  is  in  this  way  created,  called  valenanic^  m 
consequence  of  its  being  identical  in  properties  and  cooh 
position  with  that  extricated  by  distilling  water  fitom  the 
root  of  valerian. 

4028.  This  acid  was  produced,  also,  by  causing  pQtalS 
spirit  to  fall  slowly  in  successive  drops  upon  ptatiaoa 
black  duly  heated.  Peculiar  liquids,  somewhat  etnenal  k 
their  properties,  have  been  evolved  from  potato  spirit,  sf 
Which  the  one  C^  H^^  CF  O^  seems  to  be  a  congener  liMi 
chloral,  the  other  with  defiant  gas  the  hydruret  of  cadm 
<^  Liebig. 

Glyceryl,  O  H\ 

4029.  The  wonderful  fabric  of  scientific  knowledge  fo 
which  we  arc  indebted  to  the  skill,  sagacity  and  ingemutf 
of  modern  chemists,  is  formed  in  part  of  materials  whia 
are  altogether  new,  and  in  part  of  such,  as  although  iosf 
kttown,  owe  nearly  all  their  present  theoretic  value  to  thi 
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hich  they  have  latterly  been  made  to  answer  in  the 
fabric  to  which  I  have  alluded. 
X  In  the  preceding  account  of  the  amyl  series  it 
e  noticed,  that  a  Uquid  long  since  distinguished  by 
e,  and  known  under  the  name  of  oil  of  potato  spirit 
>f  potatoes,  has  latterly  been  dignified  with  a  place 
the  congeners  of  alcohol. 

1.  In  glycerine,  C^  ff  O*  +  HO,  the  hydrated  oxide 
compound  radical  glyceryl^  we  find,  in  like  manner, 

>ound  of  similar  antiquity,  and,  as  respects  its  dis- 
r,  of  like  origin  ;  having  been  well  known  since  the 
F  Scheele,  as  the  sweet  principle  of  oils.  For  the 
hich  it  now  occupies,  the  scientific  world  is  indebted 
vreul  and  Pelouze. 

2.  Anterior  to  the  labours  of  Chevreul,  an  erroneous 
existed  that  the  process  of  saponification  consisted 
ling  more  than  a  union  between  the  alkali  and  oil; 

it  was  deemed  to  be  a  case  simply  of  combination. 
:istence  in  every  oil  of  an  electro-negative,  and  an 
-positive  ingredient,  the  one  performing  the  part  of 
,  the  other  of  an  acid,  was  not  imagined. 
}.  The  oxide  of  glyceryl  is  the  base  common  to  a 
ty  of  vegetable  and  animal  fixed  oils,  whether  liquid 
solid  state,  denominated  fat,  being  liberated  during 
iling  of  those  substances  with  fixed  alkalies,  as  in 
►cess  of  saponification.    It  is  b^t  prepared  by  sapo- 

oil  of  olives  with  litharge,  separating  the  resulting 
n  of  glycerine,  and  precipitating  any  dissolved  lead 
)hydric  acid  (897,  899). 

t.  Glycerine  is  said  to  be  deficient  of  two  properties 
ing  to  its  alcoholic  congeners,  solubility  in  ether, 
sceptibility  of  distillation  without  decomposition.  It 
et,  colourless,  and  inflammable;  of  the  density  of 
being  about  one-fourth  heavier  than  water. 
').  It  does  not  appear  that  there  are  any  other  im- 
t  compounds  formed  with  this  radical  by  the  basaci- 
dies  or  the  acids,  so  as  to  be  productive  of  com- 
\  congeneric  with  those  so  formed  by  most  of  the 
itherefiable  compound  radicals.  There  is,  neverthe- 
congener  of  sulphovinic  acid  in  sulphoglyceric  acid, 
iroperly  called  the  double  sulphate  of  the  oxides  of 
^1,  and  of  hydrogen. 
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Cetyl,  O*  H". 

4036.  Of  cetyl  it  may  be  sufficient  to  say,  that  it  ii  p»| 
fectly  anaiogous  as  respects  the  part  which  it  perfocM^f 
spermacetiy  with  that  performed  by  glyceryl^  as  tiM 
cal  in  the  base  of  the  nxed  oils  generally. 

4037.  The  diversity  of  such  oils,  in  other  ca8e8»  ii 
duced  by  variation  in  the  acids  with  which  the 
gtyceryl  in  them  severaU^  is  combined.    Spermaceti 
been  represented  as  a  sohtary  instance  in  which  a  d' 
of  properties  results  in  a  concrete  fixed  oil,  from  a 
lianty  in  the  hydrated  oxide  constituting  the  base, 
the  acids,  ccnnbined  with  this  base,  are  those  which 
been  described  as  entering  into  the  composition  of  oIbm>| 
nous  products  in  general.    Recently,  this  view  of  tha  fl^j 
ject  has  been  controverted  by  Smith.    Silliman^  JoMI 
October,  1842.    (See  5055,  page  426.)  ., 

4038.  The  hydrated  oxide  of  cetyl,  CP IPK)  +  HCVi 
be  elaborated  firom  spermaceti  by  saponification,  in  a 
resembling  that  by  which  glycerine  is  obtained.  Itltfj 
been  desij^ted  by  the  name  ethal,  a  word  made  op  ef  As 
initials  of  alcohol  and  ether.  It  difiers  from  otber  alea> 
holic  hydrated  oxides,  in  being  deficient  of  that  aoUSif 
in  water  which  is  one  of  the  most  striking  and  dirtuunh- 
ing  attributes  of  alcohol  proper.  It  diners  also  io  oeihg 
solid  until  heated  it  ll8^  The  analogy  with  glycerine 
fails  as  respects  taste,  being  insipid;  also  in  this,  that  gly- 
cerine is  soluble  in  water,  and  insoluble  in  ether. 

4039.  Cetyl  has  not  been  isolated;  but  by  repeated  dis- 
tillation with  anhydrous  phosphoric  acid,  ethal  has  been 
made  to  yield  an  inflammable  liquid  compound,  C"  IfS 
having  to  it  a  relation  analogous  to  that  which  etherine  or 
etherole,  O  H*,  has  to  ethyl,  C*  IP.  Cetene,  as  this  Iqaid 
is  called,  seems  to  be  of  the  nature  of  an  essential  oil,  since 
it  may  be  distilled.  It  requires,  however,  the  high  tempe* 
rature  of  527°  for  this  purpose. 

4040.  Cetyl  coincides  in  habitudes  with  the  other  coP* 
pound  radicals  of  this  class,  as  respects  the  formation  of 
double  sulphates,  analogous  to  the  sulphovinates.  It  ate 
forms  a  chloride  capable  of  being  distilled,  and  by  the  so^ 
stitution  of  three  atoms  of  oxygen  for  two  of  hydrogen,  ii 
converted  into  an  acid,  denominated  ethalic,  C"  H"  CF, 
which  is  a  congener  of  acetic  acid. 


OF  GUM.  399 

OF  NUTRITIOUS  VEGETABLE  SUBSTANCES  DEVOID  OF 

NITROGEN. 

4041.  Under  this  head  I  place  gum,  sugar,  fecula,  and 
[ignin.  Immediately,  this  last  mentioned  substance  is  rather 
food  for  worms  than  for  man ;  but  it  will  be  seen  that  lig- 
din  may  be  converted  into  sugar. 

4042.  The  substances  above  enumerated  might  be  treat- 
ed as  hydrates  of  carbon,  agreeably  to  the  suggestion  of 
Prout  (2096),  were  it  not  that  their  properties  do  not  war- 
rant the  idea,  that  the  hydrogen  and  oxygen  are  more  in- 
timately allied  to  each  other,  than  to  the  carbon. 

0/Gum. 

4043.  Substances  known  under  the  generic  name  at  the 
head  of  this  article  have  certain  properties  in  common,  but 
vary  with  the  tree  by  which  they  are  generated.  Some, 
like  gum  arabic,  or  gum  Senegal,  are  perfectly  soluble  in 
mtter;  while  others,  like  tragacanth,  are  capable  only  bf 
forming  a  paste  with  the  same  Uquid.  Those  of  the  first 
mentioned  kind  are  susceptible  of  rapid  desiccation  and 
induration,  by  access  of  atmospheric  air,  while  the  others 
give  up  water,  comparatively,  with  reluctance.  They  are 
all  distinguished  from  resins,  which  they  resemble  exter- 
nally, in  being  insoluble  in  alcohol,  ether,  or  essential  oils, 
rbey  differ  from  sugar  in  the  want  of  sweetness,  and  from 
itarch  in  not  being  coagulable  by  heat. 

4044.  Guerin,  in  an  elaborate  treatise  on  gums,  divides 
them  into  three  classes: — 1.  Arabin^  of  which  gum  arabic 
is  the  type,  soluble  in  cold  water.  2.  Bassorin^  which 
swells  into  a  jelly,  but  does  not  dissolve  in  water:  gum 
bassora,  or  tragacanth,  may  exemplify  this  class.  3.  Ce- 
rasin,  from  the  gum  of  the  cherry-tree.  Cerasin  is  also 
insoluble  in  cold,  but  soluble  in  boiling  water,  and  when 
treated  with  nitric  acid,  gives  about  one-fourth  less  mucic 
icid  than  bassorin. 

4045.  Of  araftiw,  by  his  analysis,  the  formula  is  C*  H*  O*. 
Gum  Senegal,  and  the  soluble  parts  of  gum  tragacanth  and 
bassora  gum,  consist  of  arabin. 

4046.  Of  bassorin  the  formula  is  C^  H"  O". 

4047.  Cerasin  appears  to  be  metamorphic  arabin;  for  it 
has  precisely  the  same  composition,  and  is  changed  into 
it  hj  solution  in  boiling  water.  The  gums  of  the  cherry, 
Eipncot,  prune,  peach,  and  almond  tree,  are  of  this  kind. 
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4048.  Berzeliua  employfl  the  word  nmcilafle  to  deijv- 
nate  that  roecies  of  matter  which  is  ezempBfied  faj  m 
baworin  ofGuerin.  Varieties  of  this  kind  of  suai  M 
seen  in  infusions  of  flaxseed,  of  slippery  elnif  and  pkM 
sassafras.  This  use  of  these  terms  is  not  adopted  faj  TW* 
ner,  Kane,  or  Graham.  The  principal  diflference 
gom  and  mncilage,  a^preeably  to  general  aoceptatioii,! 
to  be,  that  mucila^  is  not  susceptible  of  rooiitaiieoosk» 
dening  by  desiccation.  Graham  admits  cmly  of  two 
d  gums,  exemplified  by  gum  arabic  and  gum  _ 
By  Kane,  they  are  treatM  of  under  three  hnndi  '"niilBt 
cerasin,  and  dextrine,  or  artificial  gum.  This  last  BMi> 
tioned  variety  is  obtained  firom  starch,  and  does  not  s^ 
pear  to  haive  higher  pretensions  to  be  ranked  as  a  ffmi 
than  the  modification  of  starch  by  heat,  known  as  B  '"^ 
gum-  Substances  which  come  under  the  naoM  of  _ 
agree  in  general  properties;  yet  there  are  Bcaietilj'wtf 
two  which  are  quite  similar.  Gum  arabic  is  deemed  l»ll 
the  most  peHect  specimen  of  the  substances  bearing  ijp 
aamo. 

4049.  Berzelius  considers  the  reaction  of  a  sdntmi  tf 
this  substance  with  a  solution  of  the  silicate  of  j^otasifc  is 
the  most  striking  characteristic  of  its  properties.  Qm 
portion  of  it  forms,  with  one  part  of  the  alkali  and  al  Ihs 
acid,  a  triple  compound,  which  precipitates ;  while  another 
portion  of  the  gum,  and  the  remainder  of  the  potash,  com- 
bine and  remain  in  solution. 

4050.  Gum  arabic  differs  from  other  gums  in  combining 
with  the  sesquioxide  of  iron,  and  forming  a  compound  in- 
soluble in  water,  but  soluble  in  acids.  A  solution  of  gam 
arabic  in  1000  parts  of  water,  being  mixed  with  a  solutioa 
of  the  sesquioxide  of  iron,  yields,  in  24  hours,  a  yelknr 
precipitate.  This  species  of  ^um  also  combines  with,  asd 
precipitates  the  protoxide  of  mercury  from  the  nititte. 
There  appears  to  be  no  important  difference  between  gssi 
senega!  and  gum  arabic. 

Cff  Sugars  J* 

4051.  Under  this  head  I  would  place  two  genera  of  solh 
stances;   crystallizable  sugars,  and  syrups   incapable  of 

*  Liebif  treats  of  i ufan  under  the  i^neral  bead  of  an  "  aftpenivt  It  tkt  mmliia^ 
ti&tu  pf  Ayl  and  aoM.**  Hii  commentator,  Gregory,  alle|^ea  that  thej  are  **ttai 
trealM  of,  aae*  (tvm  tMm  are  deriTed  all  the  eomppanda  of  •Cfayl ;  aiid,  •!»,  W- 
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erystalliaitioiiy  and  which  might  be  called  suavim  Of  the 
former^  sugar  candy,  and  the  crystals  found  in  raisins  and 
bonejf  are  specimens.  The  latter  are  exemplified  by  the 
Qncfystalliuhle  syrups  of  raisins  and  of  honey;  also  the 
sweet  matter  of  the  sweet  potato,  and  the  uncrystallizdile^ 
syrop  of  the  sugar  cane,  known  as  molasses. 

4063.  The  qualities,  both  of  crystalUzabie  and  uncfys^^ 
tallizabfe  sugars,  vary  with  the  ^ants  bouL  which  tbcgr 
an  produced.  In  the  power  of  imparting  sweetness  to 
isfiiaioos,  the  crystallizaue  sugar  of  the  cane  is  pre-Mii* 
lent. 

4053.  As  sugar  has  been  found  to  be  very  susceptiUo 
of  yielding  alomol  by  fermentation,  this  pnmerty  has  he&ik 
mads  the  basis  of  definiuff  the  meankig  ot  the  word,  so 
that  erary  substance  capable  of  die  process  alloded  to,  is 
to  be  considered  as  sugar,  whatever  may  be  its  taste,  or 
bowetw  it  may  differ  in  its  (uroperties  from  the  sobstuices 
SBHuliy  called  by  the  name. 

4054.  Thus  the  fermentaUe  ^u»rt^  of  distillers  or 
brewers,  the  uncrystallizable  juices  of  fruits,  a  substance 
found  in  mushrooms  or  ergot,  also  an  insipid  matter  found 
by  Tbenard  in  diabetic  urine,  are  all  to  be  considered  as 
consisting  of  sugar,  so  far  as  they  are  capable  of  yielding 
alcohol  by  fermentation. 

4055.  I  am  reluctant  to  employ  words  in  a  sense  dif* 
ferent  from  that  in  which  they  are  generally  understood* 
Agreeably  to  usual  acceptation,  sweetness  is  an  indispen^ 
sane  attribute  of  sugar.  Svgary  and  sweei  are  synony- 
mous. ^  As  sweet  as  sugar*^  has  long  been  an  ezfwession 
conveying  the  idea  of  superlative  sweetness. 

4066.  Chemists  have  erred,  I  think,  in  assuming  that 

MtM  tfie  OBO^rtainty  in  which  we  are  as  to  their  tme  oonatitotion,  rantet  il  im- 
faaubla  to  arrange  them  on  acientific  priociplei.** 

lliat  ithjrl  oompoanda  are  derived  from  aiigara,  night  be  a  reaeoo  lor  tnatiag  of 
thm  ondor  aogan ;  but  I  cannot  perceive  the  eonverae  to  be  true.  Bat  aa  aJdeiir. 
SWM  or  fteotoqa  acid,  and  acetic  acid,  are  placed  nnder  the  head  of  aeeljl,  and  tno 
•■BiMMiida  of  meaitjl  are  derived  from  acetic  aeid,  a  compomMi  not  ooeeaaarily  do. 
fired  from  engar,  if  the  reaion  above  given  were  aaffieient  for  pkcing  augmra  nndtr 
•thjl,  it  ie,  on  that  aame  gronnd,  improper  to  place  ifaem  under  aeetjl,  aince  tiiit  ra- 
diial  ie  aoi  oeeeoMuil/  a  product  of  angar. 

In  vapl/  to  the  laat  sentence  quoted,  it  might  be  demanded,  why  inability  to  ar* 
fmgXiMani  upon  acientifie  prineiplea,  joatinea  their  being  placed  under  the  head 
Mioolidf  m  preference  to  any  other :  whether  every  aet  of  auiwtancee  which  camiot 
bo  mriH^ged  on  acientiSc  princip)eB|  are  to  be  diecusaed  under  the  joint  head  of  eo«. 
MmSmooT aeAfi  ond  flcfty/f 

Tk9  boot Juotifieatioa  which  ooouia  to  me  for  any  cowMsion  botweett  oano  eiutr 
gal  iMCf  1  ■■•  that  whoa  anhydrona  it  ia  iaomeric  with  aeetyl,  one  atom  '*^*"*^iimig 
1lM»  IT  ttfe  itStoal,  uittyl,  0«  H»  +  3  aa  C<i  H*  ot. 
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DOthing  besides  sugar  is  Busceptiblo  of  the  vinous  TenatO' 
tation.  The  conversion  into  alcohol  of  the  ii)sif>id  pradKt 
of  diabetes,  which  has  been  treated  as  eugar,  became 
proved  to  be  susceptible  of  the  process  id  question,  migbl 
with  more  propriety,  as  I  conceive,  be  dceine<l  to  dcmoa- 
Btrate  that  this  process  may  be  undergone  by  substBOca 
which  are  not  sumcicntly  of  a  saccharine  uuturu  to  oaerit 
the  name  of  sugar. 

4057.  According  to  Kane,  after  cane  sugar  has  been 
subjected  to  a  ferment,  at  a  certain  lime  before  its  coiiTer- 
sion  into  alcohol,  it  aSects  polarized  light  in  the  samenT 
as  grape  sugar.  Hence  it  is  inferred,  that  cane  Bugatu 
not  directly  susceptible  of  the  vinous  fermentation;  nd 
that  of  all  sugars,  that  of  the  grape  only  is  capaUi 
of  immediately  undergoing  that  process.  It  follows,  tbt 
if  the  contested  definition  be  not  disregarded,  the  sweet 
cryetalhzable  matter  extracted  from  the  cane,  hitlMfto 
considered  as  the  most  perfect  of  the  sugar-s  must  be  de- 
prived of  its  title,  and  occupy  a  place  on  a  level  wA 
starch,  as  being.  like  this  substance,  incapable  of  then- 
nous  fermentation,  without  a  previous  transforiuatioo  ioU 
grape  sugar. 

4058.  Liebig  enumerates  the  following  varieties  of  su- 
gar.    Cane  sugar,  grape  sugar,  lactin  or  stigar  of  wtiikt  hh 
crysiallizable  sugar,  arid  stigar  of  mushrooms.     To  these  1 
Graham  adds,  insipid  diabclic  sugar,  manna  sugar  or  mon- 
nite,  and  liquorice. 

4059.  As  a  good  account  of  the  sources  of  (he  sugar  of 
commerce,  and  the  means  by  which  it  is  elaborated  may 
be  found  in  the  United  Slates'  Dispensatory,  it  will  be 
doubly  inexpedient  to  extend  in  this  treatise  the  infbnu- 
tion  given,  beyond  its  chemical  composition  and  habitudes. 

4060.  Of  cane  sugar,  perfect  specimens  are  seen  in  (be 
best  double  refined  sugar,  and  in  colourless  sugar  caady. 
Its  specific  gravity  is  1.6.  At  350"  it  fuses  into  the  well 
known  form  of  barley  sugar,  which,  by  exposure  to  air,  i> 
alleged  to  become  white,  opaque,  and  crystalline. 

4061.  Exposed  to  the  temperature  of  650%  by  losingli 
atom  of  water  besides  that  of  crystallization,  sugar  !• 
transformed  into  the  dark  brown  substance  called  canuneL 
Thus  obtained,  caramel  is  not  entirely  exempt  from  uixte- 
composed  sugar  and  other  impurities,  but  may  be  fieed 
from  them  by  solution  in  water,  and  precipitalioo  by  alo>> 
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1.  The  precipitate  thus  created,  when  dried,  forms  a 
ck  or  dark  brown  powder,  which  may  be  redissolved  in 
ten  It  is  insipid,  not  fermentable,  and  neither  acid  nor 
:aline.  Caramel  is  used  to  deepen  the  colour  of  fer- 
nted  or  spirituous  liquors.  During  its  decomposition 
heat,  fumes  are  emitted  by  sugar,  which  not  only  dis- 
se,  but,  as  I  believe,  neutralize  fetid  emanations.  For 
solution,  cane  sugar  requires  one-third  of  its  weight  of 
d  water,  but  the  effect  of  this  liquid  at  a  high  tempera- 
e,  is  rather  that  of  lowering  the  point  of  fusion,  than 
ing  as  a  solvent ;  since,  at  the  temperature  of  350%  su- 
r  liquefies  per  se,  and  of  course  may  liquefy  with  the  mi- 
test  proportion  of  water  which  can  be  added.  Hence 
\  liquefaction  is  due  to  heat  rather  than  to  water. 

1062.  If  a  concentrated  solution  of  sugar  be  subjected, 
some  time,  to  the  temperature  requisite  to  vaporize  the 

;ess  of  water,  under  the  whole  pressure  of  the  atmos- 
sre,  it  is  changed  by  degrees  into  uncrystallizable  sugar, 
nee,  of  late  years,  the  vaporization  is  aided  by  a  reduc- 
a  of  atmospheric  pressure,  by  means  of  an  air  pump. 
r2.) 

1063.  Sugar  combines  with  some  salts ;  and  acts  feebly 
an  acid,  so  far  as  to  unite  with  some  bases.  In  the 
oluble  compound,  formed  by  anhydrous  sugar  with  oxi- 
ed  lead,  the  base  is  a  dioxide.  With  one  atom  of  ba- 
a,  sugar  forms  a  crystalline  compound;  with  common 
L  it  forms  crystals  readily  soluble  in  water. 

t064.  Berzelius  alleges  that  an  aqueous  solution  of  su- 
r  dissolves  the  carbonate  and  subacetate  of  copper, 
ing  rise  to  a  green  liquid,  from  which  the  metal  is  pre- 
itated  by  sulphydric  acid,  or  cyanoferrite  of  potassium, 
not  by  alkalies.  When  boiled  with  solutions  of  cur 
ous  salts,  it  causes  the  reduction  of  the  copper. 
[065.  Several  products  are  obtained  by  the  reaction  of 
ious  acids,  either  dilute  or  concentrated,  with  the  various 
ds  of  sugar;  also  by  their  reaction  with  alkalies.  These 
ducts  being  complicated  in  their  nature  and  of  little 
ctical  utility,  I  shall  not  treat  of  them  here. 

Grape  Sugar. 
Crjfstallized,  C^  H'*  O'^  Anhydrous,  C  «  W^  O". 

1066.  Crystals  of  this  sugar  may  be  seen  in  raisins,  in 
eit  are  called  candied  sweetmeats,  and  in  honey,  in  either 
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of  which  it  forms  the  least  fluid  portion.  Fruits  genenlf 
owe  their  sweetness  to  its  presence.  The  sugar  fonvd 
from  starch  by  digestion  with  diastase,  or  sulphuric  add, 
is  of  this  species ;  and  also  the  sugar  of  diabetes.* 

4067.  Grape  sugar  may  be  obtained  in  crystali  bom 
grape  juice,  by  neutralization  with  chalk,  clarifying  witk 
albumen^  evaporation,  and  subsequent  repose:  also  from 
diabetic  urine,  by  evaporation  to  dryness,  by  means  of  a 
water  bath,  washing  the  resulting  crystalline  mass  od  a 
filter  with  cold  alcohol  until  it  becomes  white,  and  repeited 
re-solution  and  recrystallization. 

4068.  It  is  remarkable,  that  notwithstanding  the  smr 
logy  between  cane  and  grape  sugar,  they  differ  muck  m 
their  chemical  qualities,  as  shown  by  their  habitudes  wilk 
chemical  reagents.  Strong  mineral  acids,  which  reict 
but  feebly  with  grape  sugar,  readily  decompose  cane  » 
gar.    With  alkalies  an  opposite  result  ensues.     The  ocmi- 

Kunds  which  are  formed  by  these  sugars  respectively,  with 
ses,  are  quite  different. 

4069.  From  an  alcoholic  solution,  grape  sugar  ciysHl- 
lizes  in  transparent  square  tables  or  cubes;  from  an  aque- 
ous solution,  it  consolidates  into  a  spongy  mass  of  crys- 
talHne  grains.t 

Sugar  of  Milkj  or  Lactin. 

4070.  The  formula  of  crystallized  sugar  of  milk  is  C** 
H^  CF,  or  C^  W  O''  +  5HO.  By  a  heat  of  248^  it  loses 
two  atoms  of  water,  and  by  302'',  five  atoms.  (Berzelius.) 
It  is  obtained  by  evaporating  the  whey  of  milk,  and  puri- 
fying the  first  crystalline  product  by  animal  charcoal  and 
recrystallization.  It  forms  white,  semi-transparent,  quad- 
rangular prisms,  which  have  the  density  1.5-13.  They  are 
soluble  in  five  or  six  parts  of  cold  water,  and  in  two  and 
a  half  parts  of  boiling  water.  The  taste  of  the  crystals  b^ 
very  feeble,  being  inferior,  in  sweetness,  to  that  of  their 
solution.  Sugar  of  milk  is  unalterable  in  the  air,  or  by  a 
heat  under  212%  and  is  insoluble  in  alcohol  or  ether. 
When  milk  is  exposed  to  a  temperature  of  from  93'  to 

*  Dumaii  has  proposed  that  ^ape  sugar  be  called  glucose;  but  as  Liebig  alleft* 
that  all  sugars,  even  that  of  the  cano,  have  to  be  converted  into  ^rape  sugar  in  oraf 
to  be  rendered  susceptible  of  the  vinous  fermentation;  it  woulu  Hccra.  conmtteoUj 
^'ith  the  received  definition  of  sugar  (4053),  as  if  cane  sugar  should  be  CAlltd  fl>' 
cose,  yielding  the  name  of  sugar  to  the  sweet  matter  of  the  grape. 

t  See  fermentation;  also  (4071). 
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it  undergoes  the  vinous  fermentation,  generating  al- 
ly while  its  sugar  disappears.  But  it  is  presumed  that 
atter  is  converted  first  into  grape  sugar,  probably 
r  the  influence  of  the  free  acid,  which,  being  formed, 
es  the  milk.  Milk  sugar  forms  two  compounds  with 
of  lead,  of  which  the  formulae  are  C?*  H"  O*  +  5PbO, 
Hi»  Qv^  +  jopbO.    (Berzelius.) 

Mushroom  Sugar* 

71.  This  sugar,  of  which  the  formula  is  C«  H^  O", 
tiing  to  an  analysis  by  MM.  Liebig  and  Pelouze, 
obtained  by  M.  Wiggers,  by  subjecting  the  tincture 
3  ergot  of  rye  to  water.  It  is  crystallizable  and  solu- 
1  water  and  alcohol,  but  insoluble  in  ether.  Mush- 
sugar  is  also  fermentable  by  yeast,  and  difluses  the 

r  of  caramel  when  carbonized  by  a  hi^b  temperature, 
only  property  by  which  this  sugar  is  distinguished 
the  ordinary  species  is,  that  it  does  not  throw  down 
side  of  copper  from  a  boiling  solution  of  the  acetate. 

e  Fermentable  Matter  of  Diabetes^  called  Insipid  Sugar. 

72.  It  has  been  stated  (4052),  that  a  substance  was 
Ded,  by  Thenard,  from  the  urine  of  diabetes  insipidus, 
subsequently,  by  Bouchardat,  from  the  same  source, 
I  was  insipid,  or  only  faintly  sweet.  The  aqueous 
on  of  this  sugar  was  fermentable  by  yeast,  and  sus- 
>le  of  being  converted  into  the  sugar  of  grapes  by  di- 
;ulphuric  acid. 

Liquorice  Sugar. 

73.  The  inspissated  juice  of  the  root  of  the  Glycyr- 
glabra  contains  a  species  of  unfermentable  sugar, 

I  may  be  obtained  by  clarifying  the  juice  with  albu- 
precipitating  the  sugar  with  sulphuric  acid,  washing 
recipitate  with  water,  dissolving  it  in  alcohol,  which 
ates  some  undissolved  albumen,  and  then  decom- 
g  the  sulphate  of  liquorice  sugar  by  carbonate  of  pot- 
After  evaporation,  the  sugar  remains  as  a  yellow 
lucent  mass,  cracked  in  all  directions,  and  easily  de- 
d  from  the  vessel  in  which  it  has  been  desiccated. 
)rice  sugar  is  capable  of  forming  soluble  or  sparingly 
le  compounds,  with  both  the  mineral  and  vegetable 
.     It  also  combines  with  bases. 
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Manna  Sugar,  or  MannitC' 

4074.  Tlie  formula  ofmanoa  sugar  is  C*  II"  O,  accat> 
ing  to  tlie  analysis  of  Oppermann  aiul  of  Liebig.  Ma 
ia  in  oblong  globules  or  inassce,  of  a  vclluHit^li-whiteofr 
Jour,  being  an  exudation  from  various  trees,  principal^  the 
fraxinu3  oriius,  and  encalyptus  luaDiiifera  of  .\cw  South 
Wales.  It  exists  also  in  the  juices  exuded  by  chcny  umI 
plum  trees,  in  those  of  various  kinds  of  muslirooms,  tnA 
of  celery  and  other  roots.  Manna  sugar  may  be  prcfareil 
by  diasolving  tlie  manna  of  the  shops  in  boiling  alcoboL 
and  allowing  the  solution  to  cool,  it  may  be  puriScdir 
repeated  crystallizations.  Mannito  crystallizes  in  sleodot 
colourless,  four-sided  prisms,  of  an  oily  lustra  It  hu  » 
slightly  sweet  taste,  forms,  with  water,  a  solution  wiiichii 
not  fermentable.  It  ie  anhydrous,  and  may  conseqaentlf 
be  heated  to  redness,  without  any  loss  of  ^frt-igbL  iB 
aqueous  solution  dissolves  oxide  of  lead.  Nitric  acid  oo>- 
verts  mannite  either  into  oxalic,  or  saccharic  acid;  but  mM 
into  mucic  acid.  Mannite  is  also  one  of  the  products  rf 
the  vinous  fermentation  of  cane,  or  grape  sugar.* 

Featla,  or  Slarch. 

4075.  A  substance,  of  which  starch  is  a  good  specimm, 
and  of  which  the  generic  name  is  fccula,  may  be  obtained 
from  the  meal  or  flour  of  grain,  and  from  the  tubers  of  the 
potato,  and  various  other  vegetables.  It  is  found  to  com- 
merce under  the  names  of  sago,  tapioca,  arrow-root.  Arc- 
Of  the  sources  of  these  varieties  of  fecula,  an  excellent  ac- 
count is  given  in  the  United  States  Dispensatory.  It  is 
more  or  less  a  constituent  of  vegetables  in  general.  WIm 
the  farinaceous  matter,  procured  from  such  sources  br 
rasping  or  grinding,  is  washed,  the  fccula  is  suspended, 
ana  subsequently  deposited.  Where  there  is  vcgeto-animal 
matter,  as  in  wheat  flour,  fermentation  is  employed  to  get 
rid  of  this  substance. 

4076.  It  was  discovered  by  Leeuwenhoeck,  with  the  aid 
of  a  microscope,  in  1716,  that  starch  consists  of  globulu 
grains,  each  enveloped  in  a  tegument,  pocket,  or  sac,  dit 
lering  from  the  internal  mass.  In  1825,  these  obsem* 
tions  wore  confirmed  and  extended  by  Raspail,  who  tho 

'  Gnhun,  p»gt  757. 
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obsenred  that  the  envelope,  or  tegument,  was  insoIuUe  in 
•rater,  while  the  interior  portion  was  soluble  in  this  liquid. 
AgreeaUy  to  the  microscopic  observations  of  this  last 
mentioned  author,  the  sizes  of  the  fflobules  of  fecula  vary 
wUb  the  plant  whence  it  may  be  derived.  Those  of  tfaie 
potato  did  not  exceed  in  diameter  tH  of  an  inch;  those  of 
wiieat  jh  of  an  inch;  and  of  arrow-root  viv*  As,  accord- 
ing to  Bayen  and  Persoz,  the  tegument  does  not  form  more 
than  four  or  five  thousandths  of  the  wei^t,  the  internal 
porticm  may  be  considered  as  characterizing  the  whole, 
■ninfluenced  to  any  important  extent  by  the  tegumentaiy 
matter. 

4077.  Fecula  is  blackened  by  a  certain  quantify  of  io* 
dine,  becomes  blue  with  less,  and  violet  with  still  less. 
The  iodide  of  starch  becomes  colourless  at  a  temperature 
leas  than  200%  and  if  not  made  to  reach  the  boili^  point, 
ragains  its  colour  on  cooling. 

4078.  Starch  does  not  combme  with  cold  water,  but 
forms  a  viscid  solution  with  hot  water.  It  is  neither  dis- 
Bohredl  nor  acted  upon  by  alcohol  or  ether. 

4079.  Fecula  dissolves  in  nitric  acid  without  heat,  and 
when  heated  with  it  is  converted  into  oxalic  acid.  A  slight 
torreTaction  changes  its  nature,  so  that  it  may  be  used  as 
a  substitute  for  gum.  Triturated  with  potash,  fecula  ac- 
quires the  property  of  dissolving  in  cold  water.  The  so- 
lution is  clouded  by  acids. 

4080.  Its  solution  in  hot  water  is  precipitated  by  sub- 
salts  of  lead,  and  in  cold  water  by  an  infusion  of  galls. 

OF  DIASTASE, 

And  of  the  Conversion  of  Fecula  into  Dextrine  and  Grape 

Sugar. 

4081.  Boiled  in  water,  constantly  replenished  for  nearly 
forty  hours,  with  between  tV  and  jh  of  its  weight  of  sul- 
phuric acid,  fecula  is  converted  into  grape  sugar.  A  simi- 
lar change  is  alleged  to  have  ensued  partially  in  starch, 
which  was  made  into  a  paste  with  twelve  times  its  weight 
of  bcnling  water,  and  kept  for  two  years.  By  the  addition 
of  the  glutinous  matter  obtained  by  washing  wheat  dough, 
and  the  application  of  a  heat  between  122"^  and  IGT"  FiQi., 
i  similar  result  is  said  to  have  been  attained  in  about  ten 
or  twdve  hours. 
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4082.  It  is  well  known  to  those  who  are  acquainted  witli 
the  manufacture  of  whiskey  from  grain,  llmt  a  portiaouf 
malt  is  necessary  to  render  the  wash  or  wort  sunceptiUe 
of  the  vinous  fermentation;  and  that  the  product  is  mwh 
affected  by  the  circumstances  under  which  tho  infusioiior 
the  grain  is  accomplished.  iNearly  thirty  years  BM,m 
late  friend,  Col.  Anderson,  who  had  distinguished  hamm 
by  his  ingenuity  and  sagacity  in  improving  the  procoMi 
and  apparatus  of  our  American  distilleries,  expressed  to 
me  an  opinion,  that  the  muturc  of  farina  and  water  he- 
came  sweeter  towards  the  close  of  the  process  of  infusiott 
and  that  he  believed  a  chemical  change  was  induced,  by 
which  more  or  less  sugar  was  generated.  The  inference 
of  our  ingenious  countryman  has  been  fully  justified  by  the 
researches  of  Payen  and  Fersoz,  whence  it  appeara  iktU 
by  digestion  with  malt,  fecula  is  at  first  partially  chawid 
into  a  sweetish  gummy  matter,  called  dextrine,  and  tMl 
this  matter  is  afterwards  converted  into  grape  sogir. 
Dextrine  has  received  its  name  from  a  peculiar  influence 
which  it  exercises  upon  the  plane  of  polarization,  during 
the  passage  of  light.*  It  may  tie  considered  as  boldiog,  w 
respects  its  properties,  an  intermediate  position  between 
fecula  and  grape  sugar. 

4083.  The  sugnr-produciDg  property  thus  existillig  ill 
malt,  has  been  traced  to  a  peculiar  principle  caHed  £tu- 
lasc,  which  exists  therein  in  a  |)roportion  not  cscecding  a 
five-hundredth.  It  is  obtained  by  moistening  ground  Tnalt 
with  half  its  weight  of  water,  and  exposing  tbe  mass  to 
pressure.  The  exuding  liquor  is  mingled  with  a  quaatilj 
of  alcohol  of  840',  by  which  the  diastase  is  thrown  dowo 
impure.  By  three  successive  solutions  in  water,  and  pit- 
cipitalioHS  by  the  same  means,  with  subsequent  oxpoanre 
on  a  glass  pane,  in  thin  layers,  to  a  current  of  air  abovt 

"  Whon  lieht.  poIflri»ed  by  refleclion  (ram  Iho  iiirf«ceof  i  pUlo  orhlach  ftMk* 
ftom  tht  lurlan)  ol'  ■  pilo  of  mperpoMd  plitii  or  lr<ini|Mrent  jflu',  r*acb*«  0»ll* 
Ihnuiti  %  diH  oriournmlin,  ■  ■olulioDordeilrin  buine  inleriHwcil  in  ■  tub*  hMalM 
tha  reflBttingplilondtoarmalin,  the  light  dopi  not  dinanpear  in  Ihrwo  [KnliaMiftt* 
lournalin  in  *hioh  light  would  ha  coroplDleljr  abwtbed  without  Ih*  g  -    -  J 


Uin  »i)liilii>ii  of  dcitiina;  but  priamstia  onlours  are  produced  which  fulluw  i 

nrder,  If  the  plane  ot  polariulion  i*  tartiml  from  loll  %o  riijhL  If  i>  by  ilia  ardarrf 
lh*M  eoloun.  (hat  ■  1-uuid  is  lud  lo  polariio  light  Id  lb?  rif  hi  nt  to  liu  Ult  Tki 
tntuUon  ofiUrch  pokniei  lo  the  right.  ■n<l  tliat  of  dextrin*  ronajdi-nbly  mora  aall 
Ih*  nma  dirertion;  while  ■  aalutiannf  sane  *agtt  pradueaathc  aucea^on  uf  eolMI 
In  ui  infcrae  order,  uiil  ia  uid  ihcroforo  lo  foUriiv  In  IW  Wli  Tiw  profn^J 
chainical  oluuigea  may  thui  ol\en  be  olmririHl  in  a  aolutioti  of  aUieh,  tlia  juaaii' 
pUnu,  and  othar  orguue  Buidi.— dVoAdM,  Tl?. 
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Fah.,  pare  and  diy  diastase  is  obtained  in  the  state 
a  white  amorphous  solid  matter.  Diastase  does  not 
)r  gum,  sugar,  gluten,  nor  albumen,  nor  the  teguments 
fecula,  but  operates  surprisingly,  as  above  described,  on 
ula  proper.  This  change  is  effected  without  any  ab- 
ption  ot  the  air,  or  any  evolution  of  gaseous  matter.  It 
y  take  place  either  in  pleno  or  vacuo.  An  infusion  of 
)  parts  of  starch  in  39  parts  of  water,  at  about  90""  Fah., 
ag  mixed  with  6.13  parts  of  diastase,  dissolved  in  40 
ts  of  cold  water,  and  digested  afterwards  for  an  hour. 
El  temperature  between  90°  and  100%  gave  86.91  parts 
sugar.  At  the  temperature  of  158°,  one  part  of  dias- 
e  will  convert  2000  parts  of  starch  into  sugar.* 
1084.  When  sulphuric  acid  is  employed  in  lieu  of  dias- 
e,  if,  by  confinement,  the  temperature  and  pressure  are 
sed  (192),  less  sulphuric  acid  will  suffice.  Less  time  is 
uisite  when  care  is  taken  to  prevent  too  rapid  refrige- 
k>n. 

[085.  If  a  paste,  made  by  subjecting  starch  and  water 
ebullition,  be  gently  poured  into  a  boiling  dilute  solution 
sulphuric  acid,  the  pasty  consistency  soon  disappears, 
like  manner,  starch  paste  loses  its  gelatinous  character 
en  mingled  with  malt  wort,  and  if  kept  at  a  temperature 
ween  190°  and  200°,  becomes,  at  the  end  of  some  hours, 
verted  into  grape  sugar. 

086.  In  proportion  as  the  diastase  saccharifies  the 
"ch,  it  disappears  itself;  and  wheil  the  solution  no 
ger  acts  on  a  fresh  portion  of  starch,  the  presence  of 
stase  cannot  be  detected  in  it.  The  reaction  is  proba- 
chemico-electric,  and  if  understood,  would  throw  Ught 
a  multitude  of  phenomena. 

r087.  When  dried,  diastase  is  a  white,  solid,  amorphous 
stance,  soluble  in  water  and  in  weak  alcohol,  but  in- 
ible  in  absolute  alcohol.  It  is  not  known  to  enter  into 
ibination  with  any  substance.t  It  received  its  name 
D  losTnfcif  I  separate,  in  reference  to  separation  of  the 
elope  of  the  starch  globules  (4065). 

Lignin. 

1068.  The  tasteless,  inodorous,  insoluble,  but  tenacious 
of  wood,  hemp,  cotton,  or  flax,  and  other  plants, 

*  Onham,  745.    Annalei  de  Chimie  et  de  Phyiique,  Vol.  53,  p.  73. 
t  Ortgory'i  Tamer,  943.    Graham,  744. 
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have  been  deemed  to  consist  of  a  peculiar  vegetable  nb- 
stance,  called  lignin,  from  lignum,  tne  latin  for  wood.  Hie 
formula  of  lignin,  dried  between  30()^  and  350%  is  C»  ffO* 
(Prout). 

4089.  Graham  alleges,  that  it  constitutes  about  95  per 
cent,  of  baked  wood,  and  that  it  may  be  obtained  in  paritj 
by  treating  the  sawings  of  wood,  paper,  or  the  fibre  of  lint, 
cotton,  hemp,  &c.,  successively  with  ether,  alcohol,  vater, 
diluted  acid,  and  a  caustic  alkaline  solution,  so  as  to  dit* 
solve  and  remove  all  the  matter  soluble  in  those  menstniB. 
Wood  consists  of  an  association  of  capillary  tubes,  m 
which,  after  it  is  desiccated,  agreeably  to  the  observatiois 
of  Hartig,  a  quantity  of  starch  remains,  in  spherical  gnm 
of  a  grey  colour.  Hence  by  triturating  it,  in  the  state  of 
fine  saw-dust,  with  water,  from  one-tburth  to  one-fifth  cf 
its  weight  of  starch  may  be  obtained. 

4090.  If  Pay  en  is  to  be  credited,  wood  consists  of  two 
organic  principles,  one  of  which  is  isomeric  with  starch* 
having  the  same  formula,  C^^  H^^  0^^  being  named  cdh- 
lose  by  him.  The  other  principle,  which  forms  the  tubes,  is 
considered  by  the  same  author  as  the  true  lignin.  Celkh 
lose  was  obtained  by  subjecting  sawings  of  beech  wood  to 
several  times  its  weight  of  the  most  concentrated  nitric 
acid,  which  leaves  that  principle,  while  it  dissolves  the  lig- 
nin. *  Cellulose  is  dissolved  by  concentrated  sulphuric  acid 
without  blackening,  and  is  then  converted  into  dcAtrine. 
The  formula  of  lint,  hemp,  straw,  and  linen  cloth,  was 
found  by  Payen  to  be  C^  H^  O*.  Oak  wood,  by  the  ana- 
lysis of  Gay-Lussac  and  Thenard,  is  C^  11-  O". 

4091.  When  hemp,  straw,  &:c.,  are  added  cautiously  n* 
concentrated  sulphuric  acid,  so  as  to  prevent  elevation  i*i 
temperature,  not  only  is  dextrine  created,  but  also  liffno- 
sulphuric  acid,  analoo[oiis  to  benzo-sulphuric  acid,  which 
forms  a  soluble  salt  with  baryta,  or  with  oxide  of  lead. 

4092.  The  dextrine  formed  when  li<jnin  is  dissolved  id 
sulphuric  acid,  is  converted,  by  dilution  and  Ix^iling,  into 
starch  suj^ar. 

4093.  Saw-dust,  gum,  and  starch,  dissolvi^  in  the  moft 
highly  ronrentrated  nitric  acid,  without  deconiposinu  the 
acid;  and,  if  iinniediatelv  diluted  with  wat<T,  uive  a  wliitt' 
pulverulent  neutral  substance,  insoluble  in  water,  whicfi 
contains  the  elements  of  nitric  acid,  and  is  highly  combu.*- 
tible. 
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H.  To  obtain  grape  sugar  from  lignin,  twelve  parts 
reds  of  paper  or  linen,  or  of  wood  shavings,  are  inti- 
iy  incorporated  by  trituration  with  seventeen  parts 
ncentrated  sulphuric  acid  (^according  to  Vogel  five 
I,  and  one  of  water,  carefully  preventing  any  rise  of 
irature.  After  twenty-four  hours,  the  resulting  tarry 
is  to  be  dissolved  in  water,  boiled  for  ten  hours,  neu- 
xl  with  chalk,  and  being  filtered  and  evaporated  to  a 
y  consistence,  the  residue  is  to  be  left  to  crystallize. 
)5.  According  to  Brunner,  100  parts  of  fecula  yield 
f  crystallized  grape  sugar;  according  to  De  Saussure, 
Agreeably  to  calculation,  100  of  recula,  with  four 
I  ofwater,  should  be  productive  of  120  of  sugar.  100 
of  linen  shreds  produce  114  of  sugar,  according  to 
tonot;  or,  according  to  Guerin,  115  parts. 
>6.  It  is  worthy  of  remark,  that  the  formula  of  crys- 
(d  wrape  sugar  may  be  made  by  adding  to  the  for- 
of  lignin  six  atoms  of  water;  to  that  of  starch,  four 
i;  to  that  of  cane  sugar,  three  atoms;  and  to  that  of 
of  milk,  two  atoms. 

a  of  lignin,  C»«  H  •  O  •       Starch,  C"  H"  O" 

IDS  of  water,  H  •  O  •       Four  atoms  ofwater,        H  *  O  * 


lized  grape  sugar,  C»«  H»*  O"       GrajDe  sugar,  C"  H"  0«* 

lized  cane  sugar,    C»»  H"  O"       Sugar  of  milk,  C"  H"  0»» 

itoms  of  water,  H  *  O  '^       Two  atoms  of  water,        H  •  O  ■ 


lugar,  C>aH»*0**       Grape  sugar,  C**  H"  O" 

OF  VEGETO- ANIMAL  SUBSTANCES. 

'  this  Head  are  included  Gluten^  Vegetable  Albumen^ 
getable  Fibrin^  and  Legumen^  or  Vegetable  Caseine. 

n.  Plants  contain  substances  which  have  been  desig- 

as  vegeto-animal,  on  account  of  their  analogy  with 

bite  of  egg,  and  the  fibrin  of  animal  matter.     Nitro- 

i  always  an  ultimate  element  in  them,  and  occasion- 

olphur  and  phosphorus.     As  they  are  to  be  found  in 

^etables,  to  a  greater  or  less  extent,  it  appears  pro- 

>  arrange  them  under  the  head  of  the  general  princi- 

f  vegetables. 

iS.  It  had  long  been  known  that  wheat  dough,  by 

enclosed  and  kneaded  within  a  porous  bag,  while 
53 
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subjected  to  water,  might  be  resolved  into  a  portion  whidi 
would  be  washed  away  by  the  water,  and  an  adhesive  por- 
tion left  within  the  bag. 

4009.  Beccaria  first  drew  the  attention  of  chemists  to 
the  Bubstauce  thus  obtained.  Subsequently,  Roiielte,  Jr- 
demonstrated  the  existence  in  the  expressed  juices  of  naoy 
plants,  of  a  substance  coagulable  by  heat,  like  animalallM* 
men.  This  coagulable  matter  was,  by  Fourcroy,  dconed 
to  be  of  the  same  nature  as  the  albumen'of  eggs.  Sabie- 
quently,  Einhof  demonstrated  the  existence,  in  rye,  bariiTi 
peas,  and  beans,  of  two  vegeto-animal  substances;  one» 
sembling  white  of  egg,  the  other,  which  he  designated  « 
gluten,  was  not  considered  as  resembling  any  animal  sob- 
stance. 

5000.  It  may  be  inferred,  from  the  account  of  gltrioo 
given  by  Berzclius,  that  both  Einhof  and  Taddei  subjected 
the  gluten  of  Beccaria  to  boiling  alcohol,  and  thus  resohnri 
it  into  two  substances;  one  similar  to  albumen  in  its  pifr 
parties,  the  other  soluble  in  alcohol,  especially  when  birf* 
ing,  and  possessing,  in  a  high  degree,  the  adhesiveness  ur* 
other  properties  by  which  gluten  had  been  distinguisbed. 

5001.  The  matter  taken  up  by  the  boiling  alcohol  wk^ 
by  Taddei,  designated  as  gliadine,  from  -/*,«,  glue,  the  por- 
tion remaining  undissolved,  zimome,  from  {b^i*,  leaves. 
Berzelius  treats  the  matter,  soluble  in  alcohol,  as  glulen 
nearly  pure,  and  the  residue  as  vegetable  albumen,  and  ' 
gives  the  following  account  of  the  sources  and  properties 
of  gluten  and  the  vegetable  albumen  with  which  it  is  as- 
sociated. 

Clulen. 

5002.  It  owes  its  name  to  the  adhesive  property  which 
it  possesses,  and  which  it  communicates  to  wheat  dough. 
It  exists  in  the  seed  of  the  grape,  and  of  the  cerealia  es- 
pecially; also  in  tliose  of  leguminous  plants,  such  as  pew 
and  beans,  in  which  it  is  found  in  combination  with  starch 
and  vegetable  albumen.  Its  distinguishing  characteristio 
are  as  follows.  When  isolated,  it  is  almost  insoluble  ia 
water.  It  is  gluey  when  moist,  yellow  and  translucent 
when  dry.  Ordinarily,  it  has  an  acid  reaction  with  litium, 
in  consequence  of  the  presence  of  acetic  and  phosphoric 
acid.  It  is  soluble  in  alcohol,  especially  when  boiling,  and 
likewise  in  diluted  aqueous  solutions  of  acids,  caustic  alki- 
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eys,  &c.  It  is  precipitated  from  the  latter  by  ferro- 
iate  of  potash.  With  nut-galls  it  gives  a  precipitate, 
li  is  not  redissolved  even  by  ebullition. 

Vegetable  Albumen. 

03.  It  is  found  in  the  above  mentioned  seeds  in  com- 
ion  with  gluten ;  in  seeds  which  yield  emulsions,  as, 
istance,  in  almonds;  and  likewise  in  the  seeds  of  the 
js,  where  it  is  found  in  combination  with  an  oil.  It 
3  in  all  vegetable  juices  which  coagulate  with  heat, 
table  albumen  is  soluble  in  water,  until  coagulated  by 
but  is  not  soluble  in  alcohol;  it  is  not  adhesive,  and 
esiccation  becomes  opaque,  and  of  either  a  white, 
,  brown,  or  black  colour.  It  dissolves  readily  in 
jc  alkaline  solutions,  neutralizing  their  caustic  taste, 
is  precipitated  by  a  great  excess  of  acid.  The  pre- 
ite  is  a  chemical  compound  of  albumen  with  the  acid, 
le  in  water  when  pure,  but  less  so  when  this  liquid  is 
ilated. 

04.  The  aqueous  solution  of  vegetable  albumen  is 
pitated  by  acids,  by  ferro-prussiate  of  potash,  by  chlo- 
of  mercury,  and  infusion  of  galls;  being,  in  these  re- 
:s,  perfectly  analogous  to  animal  albumen. 

05.  Gluten  and  vegetable  albumen  spontaneously  un- 
5  decomposition,  accompanied  by  an  evolution  of  am- 
a,  a  production  of  the  acetate  of  ammonia,  and  like- 
the  fetor  which  distinguishes  the  putrefaction  of  ani- 
substanccs.  At  a  certain  period  of  putrefaction,  they 
,  whether  separate  or  mixed,  the  smell  of  old  cheese. 

Of  the  Gluten  and  Albumen  of  Wheat. 

06.  If  we  make  a  thick  paste  of  wheat  with  water,  in 
rous  bag,  and  knead  this  paste  within  the  bag,  under 
r,  until  this  liquid  is  no  longer  rendered  milky,  there 
ins,  finally,  a  gray  coherent  elastic  residue.  This 
lue  consists  mainly  of  a  mixture  of  gluten  and  vegeta- 
Jbumen,  not  quite  free  from  other  matter  derived  from 
Hrbeat,  and  more  or  less  of  starch,  which  it  is  difficult 
miove  completely.  This  residue  does  not  contain  the 
le  of  the  vegeto-animal  matter  of  the  wheat,  a  part 
g  carried  away  by  the  water  during  the  kneading  of 
paste. 


414  ORGANIC  CHRMIBTRV. 

5007.  To  separate  from  each  other  the  albumen  ud 
gluten  proper,  contained  in  the  gluten  of  Beccaria,  it  is  «- 
cessary  to  subject  it  to  boilinir  alcohol,  till  this  liquid,  oa 
being  filtered,  is  not  made  turbid  by  cooling.  The  alcobot 
dissolves  the  gluten  proper,  as  well  as  another  substance 
imperfectly  known,  leaving  the  vegetable  albumen.  The 
gluten  is  obtained  by  mixing  the  alcoholic  solulioo  with 
the  water,  and  removing  the  alcohol  by  distillation.  A 
liquid  remains,  in  which  the  gluten  floats  in  cohurcnt  wb- 
minous  flocks.  A  very  small  portion  of  gluten  remaiw  it 
solution,  combined  with  gum> 

500S.  The  gluten  being  separated  from  tho  liquid,  b 
a  pale  yellow,  and  readily  becomes  agglutinated  into  t 
mass,  which  sticks  to  the  fingers,  is  elastic,  insipid,  uA 
endowed  with  a  peculiar  odour.  In  dry  air  it  becooM 
spontaneously  pofished  on  the  outside,  and  of  a  dea|Mr 
yellow,  drying,  by  little  and  little,  into  a  translucent  mW 
of  a  very  deep  yellow,  resembling  dried  animal  matUT' 
Alcohol  dissolves  the  gluten,  and  the  solution,  which  is  of 
a  pale  yellow,  being  evaporated,  the  gluten  remains  in  An 
form  of  a  yellow  transparent  varnish,  if  the  gluLeo  be 
macerated  in  cold  alcohol,  it  is  whitened,  and  fortas  a 
milky  solution,  from  which  an  insoluble  matter  is  depo- 
sited. This  is  not  gluten,  though  of  a  kindred  aatitre, 
being  soluble  by  the  aid  of  ebullition;  the  resulting  sohn 
tion,  when  concentrated,  acquires  a  mucilaginous  consist- 
ence on  cooling.  Gluten  dissolves  in  boiling  otilcioal  alco- 
hol, and  precipitates  by  refrigeration,  without  having  lost 
its  glney  quality.  It  is  insoluble  in  ether,  or  in  fix^  oils 
or  volatile  oils.  If  we  subject  it  to  acetic  acid,  it  becomes, 
in  consistency,  mucilaginous,  semi-liquid,  losing  its  yeUo* 
colour.  Mixed  in  this  state  with  water,  it  gives  a  nuKi' 
laginous  flocky  residuum  and  a  milky  solution. 

5009.  From  the  investigations  of  Einhof,  as  stated  bf 
Berzelius,  it  appears  that  a  matter,  analogous  to  ifalt 
above  described  as  true  gluten,  may  be  obtained  from  rj*. 
barley,  oats,  or  even  from  maize,  which,  from  the  abfleoei 
of  any  cohesiveness  in  its  moistened  meal,  would  not  be 
supposed  to  contain  any  matter  deserving  to  be  dUtifr 
guished  as  gluten. 

5010.  It  will  be  perceived,  from  the  preceding  hietoryoT 
the  opinions  and  observations  of  chemists,  rcspcctiog  ibe 
vegeto-animal  matter  obtained  from  wheat  and  the  wedi 
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Other  vegetables,  that  the  idea  lately  put  forth  by  Lie- 
,  respecting  the  identity  of  their  composition  with  ani- 
1  albumen,  has  long  been  entertained,  though  never  be- 
e  presented  so  forcibly  to  popular  attention. 
)011.  Respecting  the  matter  treated  as  gluten  by  Ber- 
ius,  Liebig  advances  views  which  are  in  some  respects 
vr,  and  somewhat  discordant.  I  will  here  quote  the  lan- 
ige  of  the  author  last  mentioned: — 

Fheie  nitrogenized  fonns  of  nutriment  in  the  veffetable  kingdom  may  be  ra- 
id to  three  ■ubttancei,  which  are  easily  diatin^iahed  br  their  external  eharao- 

Two  of  them  are  soluble  in  water,  the  third  la  inaoluble. 
(Vhen  the  newly-expressed  juices  of  vegetablea  are  allowed  to  stand,  a  sepanu 
takes  place  in  a  few  minutes.  A  gelatinoua  precipitate,  commonly  of  a  green 
if  is  deposited,  and  this,  when  acted  on  by  liauids  which  remove  the  colouring 
er,  leaves  a  grayish  white  substance,  well  known  to  druggists  as  iJie  deposite 
▼effetable Juices.  This  is  one  of  the  nitrogenized  compounds  which  serves  for 
intntion  of  animals,  and  has  been  named  vegetable  fibrin.  The  juice  of  grapes 
pecially  rich  in  this  constituent,  but  it  is  most  abundant  in  the  seeds  of  wheat, 
nf  the  cerealia  generally.  It  may  be  obtained  from  wheat  flour  by  a  mechanical 
itfoo,  and  in  a  state  of  tolerable  purity;  it  is  then  called  ^vfeii,  but  the  glu- 
m  property  belongs,  not  to  vegetable  fibrin,  but  to  a  foreign  substance  present  in 
t  qoantitv,  which  is  not  found  in  the  other  cerealia. 

!*lie  method  by  which  it  is  obtained,  sufficiently  proves  that  it  is  insoluble  in 
r;  although  we  cannot  doubt  that  it  was  originally  dissolved  in  the  vegetable 
,  from  which  it  afterwards  separated,  exactly  as  fibrin  does  firom  blood. 
*he  second  nitrogenized  compound  remains  dissolved  in  the  juice  after  the  sep^ 
a  of  the  fibrin.  It  does  not  separate  from  the  juice  at  the  ordinary  temperatura, 
M  instantly  coagulated,  when  the  liquid  containing  it  ia  heatedfto  the  boiling 

i^nien  the  clarified  juice  of  nutritious  vegetables,  such  as  cauliflower,  asparagus, 
^1  wurtzel,  or  turnips,  is  made  to  boil,  a  coagulum  is  formed,  which  it  is  abso- 
f  impossible  to  distinguish  from  the  substance  which  separates  aa  coagulum, 
I  the  serum  of  blood  or  the  white  of  an  cm^  diluted  with  water,  are  heated  to 
oiling  point  This  is  vegetable  albumen,  it  is  found  in  the  greatest  abundance 
rtain  seeds,  in  nuts,  almonds,  and  othera,  in  which  the  starch  of  the  gramines9 
>Uced  by  oil. 

rhe  third  nitrogenized  constituent  of  tlMNiigetable  food  of  animals  is  vegetable 
ne.  It  is  chiefly  found  in  the  seeds  of  peas,  beans,  lentils,  and  similar  legu- 
»iis  seeda.     Like  vegetable  albumen,  it  is  soluble  in  water,  but  differs  from  it  in 

that  its  solution  is  not  coagulated  by  heat     When  the  solution  is  heated  or 
ormtad,  a  skin  forms  on  its  surface,  and  the  addition  of  an  acid  causes  a  coaga* 

just  as  in  animal  milk. 

rhese  three  nitrogenized  compounds,  vegetable  fibrin,  albumen,  and  caseine,  are 
roe  nitrogenized  constituents  of  the  fooaof  graminivorous  animals;  all  other  ni- 
nized  compounds,  occurring  in  plants,  are  either  rejected  by  animals,  as  in  the 
of  the  characteristic  principles  of  poisonous  and  medicinal  plants,  or  else  they 
r  in  the  food  in  such  very  small  proportion,  that  they  cannot  possibly  contribute 
e  increase  of  mass  in  the  animal  body. 

rhe  chemical  analysis  of  these  three  substances  has  led  to  the  very  interesting 
t  that  they  contain  the  same  organic  elements,  united  in  the  same  proportion 
m\g;h\.\  and,  what  is  still  more  remarkable,  that  they  are  identical  in  composi- 
with  the  chief  constituents  of  blood,  animal  fibrin,  and  albumen.  They  all  three 
live  in  concentrated  muriatic  acid  with  the  same  deep  purple  colour;  and  even 
leir  physical  characters,  animal  fibrin  and  albumen  are  in  no  respect  different 
I  TOgetable  fibrin  and  albumen.  It  is  especially  to  be  noticed,  that  by  the  phrase, 
ti^  of  composition,  wo  do  not  here  imply  mere  similarity,  but  that  even  in  re- 

to  tlie  presence  and  relative  amount  of  sulphur,  phosphorus,  and  phosphate  of 
f  BO  dimrence  can  be  observed." 

iOi2.  In  addition  to  the  information  conveyed  in  the 
ceding  quotation,  we  are  informed  in  a  note  (8)  that 
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the  portion  of  wheat  flour,  above  alluded  to,  under  ifce 
name  of  fibrin,  is  that  which  is  not  taken  up  by  boiling  aW 
cohol  from  tlie  glutinous  mass  mechanicaliy  obtaiucd  hr 
wasliiof^  wlieat  dough  in  a  bag. 

5013.  The  vegetable  fibrin  of  Liebig  is.  therefore,  tiie 
vegetable  aibuinen  of  Einhof  and  Berzelius,  or  tlic  zimonw 
of  Taddei. 

.^>0I-].  The  statement  in  the  note,  that  '■'■pure  gltitmisth 
portion  of  raw  wheat  four  which  is  soluble  in  hot  a/coA«L"  a 
not  consistent  with  the  allegation,  that  the  glutinous  quality 
is  due  to  a  foreign  substance  present  in  small  (luantity.wid 
which  is  not  found  in  other  corealia.  This  allecudooi^ 
moreover,  inconsistent  with  the  observatiotis  of  lunhoC** 
stated  by  BerzcUus,  that  gluten  is  found  in  rye.  Uirleytaai 
in  small  proportion  in  maize.  Besides,  it  \s  difiictilt  tob^ 
lieve  that  the  adhesiveness  of  wheat  dough,  to  which  il 
owes  its  power  of  confining  the  carbonic  acid  gcocraU^ 
during  panification,  can  be  the  effect  of  a  sjnalj  yuon/i^  of 
foreign  matter.  It  would  seem  to  require  a  quantity  rf 
matter  intimately  associated  with  the  farina,  and  pervailiag 
the  whole  of  the  dough,  into  which  it  is  converted  in  the 
bread  making  process. 

5015.  There  seems,  however,  to  be  good  grounds  to 
suppose  the  existence  of  an  error  in  estimating  tbe  oourub* 
ing  power  of  difierent  kinds  of  grain,  to  be  in  proporboB 
to  the  quantity  of  glutinous  matter  obtained  from  them  by 
washing,  suicc  tlic  farina  of  maize,  which  for  cqoal  wcif*h( 
is  in  this  country  considered  at  least  as  nutritive  &3  wheat, 
seems  to  have  not  perceptible  adhesiveness.  Hence,  the 
statement  of  Liebig,  however  incont-istent  with  preco>> 
ceived  opinions,  may  point  towards  an  important  tnKk 
that  there  is  a  vegetable  fibrin  meriting  the  highest  nak 
as  animal  food,  w-hich  diflcrs  from  pure  gluten  in  not  bttBg 
soluble  in  alcohol  nor  glutinous;  and  from  vegetable  tlbt> 
men,  in  not  being  soluble  in  water,  nor  coagulublu  by  bMl' 

5016.  The  idea,  above  quoted  from  Ker/elius,  resped- 
ing  the  suiKiriority  of  wheat  as  a  nutriment,  being  due  W 
its  holding  a  peculiarly  large  proportion  of  gluten,  basg^ 
nerally  prevailed;  and  by  Sir  II.  Davy  the  opinion  »• 
entertained,  that  the  wheat  of  more  southern  climates  wafc 
on  account  of  a  greater  abundance  of  gluten,  more  nitfi* 
tious  than  grain  of  the  same  kind,  raised  in  colder  Uti- 
tudes.     To  a  greater  abundance  of  the  same  matter,  hu 
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been  ascribed  the  superior  capability  in  wheat  dough  of 
what  is  called  rising;  as  the  gluten,  by  preventing  the 
escape  of  carbonic  acid,  causes  the  inflation  of  innumera- 
ble little  cavities  producing  the  cellular  structure  which 
distinguishes  leavened  bread. 

5017.  It  appears,  that  during  panification  there  is  ac- 
tually a  veneration  of  alcohol,  as  well  as  carbonic  acid,  so 
that  in  we  usual  process  there  is  an  incipient  fermenta- 
tion. 

5018.  Gingerbread,  however,  owes  its  lightness  to  a  dif^ 
ferent  process.  Being  made  of  flour  and  molasses^  vrith  a 
suitable  addition  of  an  alkaline  carbonate,  an  acid  is  gra- 
duallv  generated  by  the  absorption  of  atmospheric  oxygen, 
fvhich  displaces  the  carbonic  acid  from  tne  carbonate, 
[1198.)  The  gas,  thus  liberated  from  the  alkali,  being 
confined  by  the  gluten,  when  the  bread  is  placed  in  an 
oveDf  an  inflation  of  every  part  arises  from  the  expansion 
of  the  gaseous  matter. 

5019.  A  bicarbonate  is  more  eflSlcacious  than  pearlash 
in  causing  gingerbread  to  rise,  as  in  proportion  to  the  al- 
kali it  yields  double  the  quantity  of  gas.  A  bicarbonated 
alkali  is  found  to  act  as  a  leaven  for  cakes,  when  old  cider 
is  mingled  with  the  dough.  Tartaric  acid  has  been  used 
for  this  purpose,  and  lime  juice  might  be  employed,  or  any 
well  flavoured  vegetable  acid.  An  equivalent  portion  of 
chlorohydric  acid  might  be  resorted  to. 

5020.  It  is  supposed  that  bakers  generally  use  a  sufficiency  of  pearlash 
to  Deutralize  the  acidity  which  is  liable  to  supervene  in  their  yeast  or  lea- 
irea ;  and  that  latterly,  carbonate  of  soda  having  become  cheaper,  has  been 
preferred.  An  erroneous  prejudice  has  existed  as  respects  this  practioey 
whereas  evidently  sourness  in  bread  must  be  more  injurious  to  health  than 
■D  alkaline  acetate. 

6021.  Carbonate  of  ammonia  has  been  used,  and  is  alleged,  by  being 
fapourized  during  the  baking  process,  to  contribute  to  the  inflation  and  con- 
aequent  sponginess  of  the  bread  in  which  it  is  used. 

6022.  More  than  forty  years  since,  a  candidate  for  graduation  in  our 
mihreraity,  Dr.  Pennington,  published  a  thesis,  in  which  bread  was  described 
as  bemg  simultaneously  salted  and  raised,  by  the  addition  to  the  dough  of 
chlorohydric  acid  and  carbonate  of  soda,  in  due  proportion.  Rolls  are  al- 
leged to  be  rendered  lighter,  when  made  with  carbonated  water,  of  the  Con- 
gresi  ^ning  at  Saratoga.  The  knowledge  which  we  now  have  of  the  equi- 
valent proportions  in  which  to  use  bases  and  acids,  renders  experiments  of 
Aia  kind  much  more  easy  than  they  were  at  the  period  when  Dr.  Pen- 
■DfftoD  graduated.  Of  course  a  bicarbonated  alkali  should  in  all  cases  be 
pigfeiieJ,  for  the  reason  above  given. 
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Legumen,  or  Vegetable  Caseine. 
5023.  The  substance  bearing  these  names,  appcan  to 
be  intermediate  between  gluten  and  vegetable  albunteo, 
not  being  coagulabte  by  heat  Hke  the  one,  nor  like  [be 
other  soluble  in  alcohol  while  insoluble  in  water.  It  i-s 
however,  alleged  by  Liebig,  that  agreeably  to  recent  aM* 
lyses  made  in  his  laboratory,  there  is  no  difference  a*  nv 
epects  composition,  between  gluten,  vegetable  albmiKii, 
vegetable  hbrin,  and  vegetable  caseine,  nor  between  th«e 
substances  and  those  of  the  same  names  derived  from  ani- 
mals. 


OlTgeO 
8u1pbut 
Phospboii 


Carboii 
Hydrogon 

Jilltogea 

Sulpbor 
PhMpharui 


Froin  Bye. 


65.01 

i5,!e 


b  Ibid.  XL.  a. 


GlotBii.  Alnoadft 

i™im.M,  tt  Will-  ;■— .• 

54^5  SJ08 

63H  T.S3 

15.a4  13.48 

22.39  HM 


iSA                         15.70 
320  

d  Phum.  XU  GC,  vid  XXXIX.  391. 


Carbon 

M.138 

55,or, 

HjdroBon 

7.156 

Nilrogen 

1S.672 

15.«l 

Oxygma.  Jko. 

2U.03I 

ai.47 

a  Ann.  del  Chem.  und  Fhum  XXXIX.  291,  and  XUSx 
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VXOXTABLX  GlUTXV. 


NIM.*« 

BonadagAnlt. 

55.22 

54  J2 

52.3 

7.42 

75 

6.5 

15.96 

13.9 

18.9 

21.38 

2AA 

2241 

Carbon 
Hydrogen    • 
Nitrogen 
Oxygen,  &c. 

a  Ann.  der  Chom.  nnd  Pharm.  XL.  66. 

ire  ffluten,  analyzed  by  Jonee,  waa  that  portion  of  the  raw  gluten  from 
ur  wnich  ia  soluble  in  hot  aleohoL  The  inaoluble  portion  ia  TOgetable  fibriOi 
na  of  which  has  been  already  given. 

ComposUUm  cf  Animal  Caseins,  m 

Seli«rar. 


From  freih 
milk. 

Prom 

■oar 

FroaiinUk 
byaottieaeid. 

IT. 

54.580 

7.35S 

15.696 

Alkvminoaf  aab* 
•tanos  in  milk,  b 

54^25 

7.153 

15.628 

II. 
54.721 
7J239 
15.724 

111. 
54.665 
7.465 
15.724 

54^07 

6.913 

15.670 

S     22.394  22.316  22.146  22.373  22.910 

der  Chero.  und  Pharm.  XL.  40  et  aeq. 

aubetance,  called,  in  German,  zieger,  ia  contained  in  the  whey  of  milk 
^lation  by  an  acid.    It  ia  coagulated  by  heat,  and  veiy  much  reiemblea 

Moldtr.  a 
Carbon  .....        54.96 

Hydrogen      -        ...        -  7,15 

Nitrogen 15.89 

Oxygen 21.73 

Sulphur 0.36 

a  For  the  analysis  of  vegetable  caaeine,  aee  the  preceding  page. 

Of  Vegetable  Colouring  Matter^  or  Dyes,  and  of  Dyeing. 

None  of  the  operations  of  nature  are  more  inscrutable,  than  those 
h  organic  substances  are  endowed  with  the  immense  variety  of 
with  which  vegetables  and  animals  are  adorned.  The  chemist 
5w  how  to  elaborate  dyes,  to  fix  them,  and  in  fixing  them,  by  the 
tion  of  mordants,  to  vary  their  hues ;  but  excepting  the  influence  of 
ent  media,  or  of  crystalline  structure,  in  dispersing  refracted  or  po- 
-ays,  he  is  still  quite  ignorant  of  the  differences  in  the  arrangement 
;les  which  give  rise  to  diversity  of  colour;  or  of  the  mode  in  which 
I  combination  causes  the  various  colours  of  precipitates. 

Colouring  substances  or  dyes  are  divided  into  substantive  and  ad- 
yes.  The  former,  with  little  disposition  to  dissolve  in  water,  have  a 
ffinity  for  the  fibre  to  be  dyed,  and  enter  directly  into  union  there- 
rhe  adjective  colours,  having  little  or  no  affinity  for  the  fibre  to 
ley  are  to  be  attached,  an  union  is  produced  by  an  intermediate  sub- 
aving  an  affinity  for  both,  and  which  is  consequently  called  a  mor- 
»m  mordant,  biting,  in  French.  In  some  cases  the  colour  is  changed 
lordant,  in  others  improved  and  heightened. 

Lakes  are  precipitates  of  colouring  matters,  made  by  the  sab- 
tMed  as  mordants.  By  presenting  them,  in  a  proper  state  of  com- 
,  to  colouring  matter,  both  alumina  and  ozidiz^  iron  are  used  ex- 
^4 
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tensively  as  raordonts,  and  for  Ihe  rormaiiou  of  lakes.  By  nmatorcottD- 
neal  dye  and  proloxide  of  tin,  ihe  well  known  acarlet  of  ihc  military  wi- 
forin  of  Groai  Briiain  is  produced.  Tlio  ordinary  cariuinc  of  cnnunoce. 
is  a  lake  produced  from  thai  dye  by  alunuim.  CbincsQ  c&nniDB  ii  fn- 
ducttd  by  the  same  dye  witti  proloxide  of  lio. 

5027.  lodigo  is  a  substantive  dye  which  is  made  loatlach  ilaclflo  woaHw 
cloth,  wiihout  Ihe  aid  of  a  mordanl.  By  diguitioo  with  lima  aiid  gitta  «^ 
phatc  of  iron,  it  is  rendered  white.  Wht-n  in  this  slate  ii  umiGs  vitb  tht 
woollen  fibre,  and  by  subsqucnt  exposure  to  air,  regains  ita  blue  eslonr- 
The  rationale  of  (his  prtwesa,  suggested  by  Liebig,  is  as  followa: — 

5038.  A  soluble  colourless  substance,  which  may  be  called  ioiiflfp* 
being  generated  in  Iho  indigo  plant,  ia  by  oxidizcment  cuavetlod  utu  4* 
inaoluble  blue  indigo  of  commerce.  In  the  process  of  dyciug,  the  unkof 
indigogene  or  blue  indigo  is  deoxidized  by  protoxide  of  iroo,  tibenkd  b* 
ibe  lime  from  the  sulphate,  and  is  thus  restored  to  its  wbiiiCBeM  and  » 
lubilily.  In  this  state,  combining  with  the  organic  fibre,  it  is  tKibscqueatlf 
reconvoried  into  insoluble  blue  indigo  by  union  with  atniospboric  oxyga. 

3029.  But  Kane  conceives,  that  Dumaa  has  proved  by  aoalyais,  itMi» 
tvble  ithite  indigo  is  a  hydruret  of  imoluble  blue  indigo.  Eacli  alun  rf 
thehydruret  being  deprived  of  an  atom  of  hydrogen,  during  ibe  nmoeniaf 
process  of  the  manufacturer,  the  indigo  loses  its  solubility  and  mautam  it 
appropriate  blue  colour.  In  this  state  it  is  found  in  commerce,  and  wta 
Bubjecled  lo  the  procens  of  the  dyer,  above  alluded  to,  is  inade  to  irainm 
atom  of  hydrogen  liberated  by  an  atom  of  water,  of  wbtcb  ibe  axjr|^ii 
simulloneoiwly  seized  by  the  protoxide  of  iron.  The  hydrmtii  ihus  fbtmd 
combining  with  the  organic  fibre,  while  colourless  and  sol uU«,  W  site- 
quont  exposure  to  air  is  dehydrogenaled,  and  thus  again  converted  ino  M 
insoluble  blue  dye. 

5030.  Indigo  is  soluble  in  concentrated  sulphuric  acid,  cspedBlly  tbr 
Aiming  acid  of  Nordausen.     The  solution  thus  made,  yields  wW  i>  a" 
the  Saxon  blue.     Previously  to  the  immersion  of  the  cloth,  the  aolntia 
neutralized  by  carbonate  of  soda,  which  uniling  with  the  acjd,  ibr  dn  at- 
taches ilselflo  the  organic  fibre,  whether  it  be  wool,  silk,  or  cotton. 

5031.  Indigo  forms  various  peculiar  combinations,  to  which  it  wM  be 
inexpedient  to  direct  the  attention  of  those  who  study  chemistry  ody  u 
auxiliary  to  medicine. 

Of  Ike  Colouring  Matter  of  Leavet  and  Flower*. 

5033.  The  green  colour  of  plants  is  said  lo  be  due  to  the  prcsaui*  tf  a 
substance  called  chlorophyll.  This  has  not  bintn  obtained  sufficieoll;  fi» 
to  have  any  formula  assigned  to  il.  It  does  not  contain  njtnigen,  b  i««^ 
luble  in  water,  but  soluble  both  in  ether  and  alcohol,  and  in  slrons  acidh 
Prom  ihcao,  however,  it  prectpilales  on  dilution.     It  combines  with  UMfr 

6033.  Itcrzelius  conceives  three  kinds  of  chlorophyll  to  exist.  The  b*. 
existing  in  fresh  leaves,  dissolves  in  acetic  acid  with  a  rich  gran-gneo  • 
lour;  the  second,  formed  from  the  first  by  drying,  gives  with  the  aune  Mil 
an  indigo  blue  solution;  the  third,  which  exists  principally  in  ibe  duk 
leaved  plants,  is  brownish  green. 

5034.  So  potent  is  the  colouring  power  of  chlorophyll,  thai  Bcncta 
boa  calculated  that  all  the  foliage  of  a  large  Iree  seldom  contains  trn  nalai 
of  il.     When  trees  change  colour  in  the  fall,  chlorophyll  is,  at 
Ibe  same  chemist,  replaced  by  other  colouring  matter. 
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5085.  Chlorophyll  floats  m  the  oells,  existing  in  the  green  leaves  o£ 
plants  in  general^  in  the  form  of  green  globules,  from  which  it  may  be  ex- 
tracted by  ether.  The  etherial  solution  thus  obtained,  being  subjected  to 
tbe  disdllatory  process  to  remove  the  solvent,  the  residue  is  digested  in  al- 
cohol, which  takes  up  impure  chlorophyll.  The  alcohol,  being  entirely  re- 
moved, the  residual  matter  is  subject^  to  concentrated  chlorohydric  acid, 
by  which  a  fine  emerald  green  colouring  matter  is  dissolved.  This  precipl- 
Cating  on  dilution,  is  digested  in  a  strong  lixivium  of  potash.  The  resulting 
eompound  being  dissolved  by  water,  the  solution,  ader  being  filtered,  is  satu- 
fBted  with  acetic  acid,  when  beautiful  green  flocks  precipitate  of  pure  chlo- 
rophyll, which  in  drying  become  bluish  green.    Grahamt  d07. 

0/  Oils. 

5036.  When  not  figuratively  used  to  describe  substances 
having  only  an  oleaginous  consistency,  like  oil  of  vitriol, 
tbe  word  oil  has  been  applied  to  two  classes  of  substances, 
differing  in  most  respects  in  their  properties  and  chemical 
constitution.  One  of  these  classes,  has  been  called  fixed, 
firom  their  insusceptibility  of  being  distilled  without  decom- 
position. But  as  margaric  acid,  a  principal  constituent  in 
a  majority  of  fixed  oils,  and  spermaceti,  a  concrete  animal 
oil,  may  be  distilled  without  cnange,  this  definition  is  not 
imiversally  consistent.  It  would,  therefore,  be  preferable 
to  designate  as  fixed  oils  those  which  do  not  spontaneous- 
ly evaporate  when  exposed  to  the  air,  or  which  are  not 
vaporized  at  the  boiling  point  of  water,  when  subjected  to 
the  distillatory  process  with  that  liquid.* 

0/  Fixed  Oils. 

5037.  I  propose  rather  to  treat  briefly  of  the  general 
properties  of  fixed  oils,  of  their  composition,  and  of  the 
theory  of  their  conversion  into  soap,  than  to  give  an  ac- 
count of  each  of  them  particularly. 

5038.  There  is  no  essential  difference  between  fat^  and 
oil.    The  one  differs  from  the  other,  merely,  in  a  greater 

*  Bjr  distinguished  writers,  such  oils  have  been  designated  as  fai  or  unctuous  oils. 
Bui  as  umetuauM  and  oily  are  ■ynonjmous  words,  and  as  fats  are  concrete  oils,  the  use 
of  the  words  in  question,  in  the  way  alluded  to,  were  eouivalent  to  saying  oily  oilSf 
w  fai  fats.  The  word  greasy  though  inelegant,  would  be  more  appropriate,  sinii- 
fatnj  applied,  than  unctuous,  as  one  of  the  most  ebaraeteriatic  differences  betweea 
▼oUtik  and  fixed  oils  is  the  presence  of  this  property  in  the  one,  and  its  absence 
firom  ihm  other. 

Kaao  distinguishes  fixed  oils  as  sapm^fiable.  But  as  chemists  consider  compounds 
«f  eartain  oily  acids  with  bases  as  soaps,  evidently  (4032)  fixed  oils  are  native 
oowfyqnda  meriting  this  appellation;  as  will  shortly  be  made  more  evident  It  ia 
IIm  oihr  aeid  ingredient,  not  the  compoond  formed  with  it,  which  can  be  saponified. 
J  ahoolH  cooceive  it,  therefore,  more  proper  to  designate  the  oils  im  question,  aa 
mI#,  or  ODCtooos  soaps. 
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propensity  to  the  fluid  state.  That  which  may  iJMl4* 
fat  in  winter,  may  become  oil  in  Bummer.  The  oils  oH^ 
imals  are  generally  in  the  solid  state  of  fat;  those  of^ 
getablea  are  generally  liquid. 

5039.  Although  fata  and  oils,  as  they  exist  in  nalme, 
appear  to  be  homogeneous,  they  all  consist  of  two  or  more 
oleaginous  substances,  of  which  one  is  more  fluid  than  ibe 
rest.  The  more  6uid  ingredient,  named  olcin,  is  fouBd  ia 
its  chemical  habitudes  and  composition  to  be  the  saint  in 
a  great  majority  of  instances,  but  the  less  fluid  jiortion  con- 
sists very  extensively  of  a  matter  called  stearine,  moretw 
less  associated  with  another,  rather  more  fusible  and  mvA 
more  soluble  in  alcohol  and  ether,  called  margarine.  U- 
deed,  this  last  mentioned  substance  abounds  in  human  fil. 
and  in  that  of  some  other  animals,  and  in  vegetable  oib 

firedorainates.  Besides  margarine  and  stearine,  the  fot 
owing  analogous  substances  have  been  noticed  in  various 
kinds  of  fat,  or  oily  matter;  as  for  instance,  spermaceti  n 
the  cachalot  whales;  delphinine  in  the  oil  of  the  dolpbin 
and  common  whale;  butyrin,  caproin  and  caprin  in  batttr; 
myristicine  in  butter  of  nutmegs;  ricino  stearine,  ricioo 
olein,  and  ricin,  in  ricinus  communis;  crotonine  in  the  oil 
of  crotontiglium;  cocostearine  in  cocoa  nut  oil;  palnuUuie 
in  palm  oil.* 

5040.  Spermaceti  ia  obtained,  as  is  well  known,  from 
the  crania  of  cachalot  whales,  whence  its  inappropriate 
name,  from  sperma,  seed,  and  cctus,  a  whale.  The  pari 
allotted  to  it,  is  analogous  to  that  which  stearine  pcrfonos 
in  tallow  or  suet ;  but  that  it  differs  in  composititm  ha* 
been  already  mentioned,  and  to  keep  it  in  fusion  require* 
a  temperature  peculiarly  high.  Hence  it  crystatlizies  from 
its  solvent  olein,  at  the  ordinary  temperature  of  the  air. 

5041.  The  summer  strained  and  winlcr  strained  oils  Ol 
commerce,  severally  consist,  the  one  of  a  large  portico  of 
olein,  with  a  small  proportion  of  stearine,  the  other  of  the 
same  materials,  but  with  a  greater  proportion  of  the  wore 
Bolid  constituent.  The  appellation  given  to  these  oik 
conveys  the  idea  of  the  fact,  that  the  one  is  obtained  by 

*  Mr.  SlenhooM  hiTing  iioUlcd  Uib  vteinno  of  pilai  oi).  allp^M  iU  rormali  <•!* 
ufollowa,  C  H"0';  and  th*t  it  coOMtU  of  nne  ilom  ofa  peciitiu  At  BCid,  *kd 
hacilliliiepiliiialic,  C"  Ho  +  C,  uid  onr  atom  ofoiide  ofglrFetTl.  'f  trf 
bowcvei,  ■  new  foimaU  fit  Ilia  Ullar,  C>  H<  Qi,  wbieh  Bcrxtiliaa  don  not  M^rf* 
■■  ftdouMibla  upoa  the  airidoDes  of  tJiU  author  iloDa.  whila 
praiioiu  uuJfiu  luada  by  Liobjf  uid  rdouia. 
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itraiiiiiig  at  i  lower  temperature  than  the  other.  In  like 
nanner,  a  liquid  may  do  obtained  from  crude  olive  oil 
Nrhen  thickened  by  cold,  which,  when  employed  to  lubri- 
;:ate  delicate  macmnery,  like  that  of  watches,  does  not,  by 
[XMigealing,  impede  the  movements  in  frosty  weather. 

5042.  Subsequently,  the  following  more  effectual  process 
iras  discovered  by  Chevreul,  of  iscwting  the  constituents 
of  oil,  whether  liquid  or  in  the  concrete  state  of  fisit. 

5043.  The  whole  being  dissolved  in  boiling  alcohol,  the 
Doargarine  and  stearine  separate  by  congdatipn  on  cool- 
ing. The  mass  thus  separated  is  subjected  to  ether,  with 
i8  much  heat  as  the  low  boiling  point  of  this  solvent  will 
permit  The  margarine  is  taken  up  by  die  ether,  in  which 
It  is  soluble,  leaving  the  stearine  undissolved.  Of  course, 
by  distillation,  the  alcohol  may  be  removed  firom  the  olein, 
the  ether  from  the  mai^rine. 

5044.  Stearine  is  white,  crystallizaUe,  soluUe  in  afo<^l 
token  baUing^  but  insoluble  in  cold  alcohol,  water,  or  ether. 

5045.  It  is  best  obtained  from  mutton  suet,  by  washing 
with  ether  as  long  as  any  thing  is  taken  up,  or  by  agitating 
mehed  suet  with  six  times  its  volume  of  ether,  and  subject- 
ing  the  mass,  when  cold,  to  intense  pressure.  In  either 
case  the  ether  removes  the  olein  and  margarine^  leaving 
the  stearine  pure.  Thus  obtained,  it  is  usually  crystalline. 
Like  spermaceti  it  is  not  in  the  least  greasy  to  the  touch, 
ind  is  easily  pulverized.  It  is  insoluUe  in  ether  or  alco- 
hol, when  cold,  but  is  soluble  in  those  liquids  when  boiling, 
and  by  refrigeration  crystaltizes  from  the  solution. 

5046.  Stearine  consists  of  an  atom  of  glycerine  or  oxide 
of  glyceryl,  -  -  -  -  C  •  H  '  O* 
Two  atoms  stearic  acid,  -  -  C"»  H"*  CP 
Two  atoms  of  water,      -            -  -  H  •  O  • 

Hence  the  formula  of  stearine  is  -        C*^  H"*  O" 


5047.  Margarine  is  obtained  from  the  ether  employed 
u  above  mentioned  to  depurate  stearine,  by  vaporizing 
die  ether,  and  redissolving  the  mass  in  boiling  alcohol. 
From  this  alcoholic  solution  the  margarine  crystallizes,  on 
eooKiig,  any  olein  which  may  be  present  remaining  dis- 
ioived.  Excepting  its  greater  fusibility,  melting  at  118^, 
Md  its  solubili^r  in  alcohol  and  ether,  already  mentioned. 
It  much  resembles  stearine. 
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5048.  Its  composition  will  appear  from  the  foUovng 
Ibrmula  of  its  ingredients: — 

One  atom  oxide  of  glyceryl, 
Two  „  margaric  acid, 

One  „  water, 


C  H'O' 

C"  H»0' 

H    0 

C" 

H»0" 

Formula  of  margarine,     - 

5049.  Olein. — In  concrete  oils,  usually  called  fats,  oletn 
exists  in  but  a  small  proportion,  but  constitutes  a  taige 
portion  of  all  the  fixed  oils  which  are  not  drjing,  or,  ifl 
other  words,  capable  of  hardening  by  exposure  to  the  ait. 
As  found  in  nature,  it  always  holds  more  or  less  stearioe 
and  margarine.  Margarine  abounds  in  olive  oil.  In  the 
oil  obtained  from  sweet  almonds  by  expression,  there  is 
less  margarine  in  proportion  to  the  olein  than  in  any  other. 
In  this  respect  rape  seed  oil  approximates  oiost  nearly  lo 
the  oil  of  sweet  almonds. 

3050.  Olein  is  best  obtained  by  dissolving  almood  oiln 
ether  heated  nearly  to  its  boiling  point,  and  uftcrwardl 
cooled  till  the  margarine  congeals,  so  as  to  be  »epanted 
by  straining.  Olein,  thus  obtained,  remains  liquid  at 
zero,  F. 

5051.  The  composition  of  olein  is  inferred  to  be  ai  lot* 
lows : — 

One  atom  of  glyceryl. 
Two      „       oleic  acid, 
Two      „       water. 

Hence  the  formula  of  olein  is 


Of  Saponification. 

5052.  In  treating  of  glyceryl  and  cetyl  (4029,  4036),  it 
has  been  explained,  that  all  fixed  oils,  whether  concrete  or 
liquid,  arc  supposed  to  be  compounded  of  two  ingrcdteabi 
one  acting  as  u  base,  the  other  as  an  acid,  and  that  in  a 
great  majority  of  cases  an  oxide  of  glyceryl  is  inferred  lo 
be  the  base.  Hence,  when  substances  in  which  it  cxitits  il 
this  capacity  are  boiled  with  an  alkaline  oxide,  the  oxide  of 
glyceryl  is  dispossessed  of  its  acid.    The  acids  thus  trau- 


C'H'O' 

C^  H"0' 

H'O" 

O*  WO" 

1 
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rred  to  the  alkaline  oxide  have  been  named  from  the 
bstances  by  which  they  are  respectively  yielded. 

bus  Stearine  gives  Stearic  acid. 

Margarine  Margaric  acid. 

Olein  Oleic  acid. 

Butyrin     ^  Butyric  acid. 

Caproin     >  Caproic  acid. 

Caprin       y  Capric  acid. 

Delphinine  Delphinic  acid. 

Myristicine  of  Nutmeg  Butter    Myristicic  acid. 

Ricino  Stearine  ^  Ricino  Stearic  acid« 

Ricino  Olein  >   Castor  Oil    Ricino  Oleic  acid. 

Ricin  1  Ricinic  acid. 

Crotonine,  Oil  of  Croton  Tiglium  Crotonic  acid. 
Cocoa  Stearine  Cocoa  Stearic  acid. 

5053.  It  remains  doubtful  whether  the  acids  thus  elabo- 
ted  exist  ready  formed,  in  union  with  the  oxide  of  glyce^ 
I9  or  whether  both  base  and  acid  are  generated  during 
e  process  of  saponification.  The  former  opinion,  bow- 
er, is  supported  by  the  fact,  that,  by  the  direct  union  of 
earic  acid  with  the  oxide  of  ethyl,  an  oil  is  formed, 
hich,  on  being  cooled  below  90°,  solidifies  with  all  the 
>pearance  of  a  fat.  If  the  artificial  fat,  consisting  thus  of 
hyl,  be  boiled  with  caustic  potash,  the  results  of  the  reac- 
m  of  that  alkali  with  stearine,  under  similar  circum- 
inces,  are  exactly  reproduced ;  except  that  while  stea- 
te  of  potash  is  formed  in  both  cases,  an  oxide  of  ethyl  is 
>erated  in  the  latter  instead  of  the  oxide  of  glyceryl.  It 
ay,  therefore,  be  presumed,  that  stearine,  olein,  Amj.,  may 

!  regarded  as  definite  salts  formed  by  the  union  of  the  fat 
ids,  which  are  respectively  produced  from  them  with  the 
ide  of  glyceryl. 

5054.  The  oxide  of  glyceryl  is  the  base  of  a  majority  of 
saginous  bodies,  the  diflerence  between  them  being  pro- 
iced  by  the  diversity  of  the  acids  which  enter  into  tneir 
nnposition.  In  the  single  case  of  spermaceti  this  general 
lie  18  reversed,  the  acids  being  the  same  as  those  which  are 
eseot  in  large  quantities  in  the  fat  of  men  or  of  sheep, 
bOe  the  base  is  the  oxide  of  another  radical,  cetyl,  capa- 
3,  as  already  mentioned,  of  combining  with  sulphuric  acid 

form  a  compound  corresponding  to  sulphovinic  acid,  and 
Dewise  of  existing  as  a  hydrate,  or  in  a  state  analogous  to 
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that  of  ethyl  in  alcohol.  It  would  appear,  therefore,  Ait 
while  we  must  regard  common  tallow,  or  suet,  as  a  stM* 
rate,  margarate,  and  oleate  of  oxide  of  glyceryl,  spem- 
ceti  must  be  looked  upon  as  a  margarate  and  oleate  of 
oxide  of  cetyl.  It  may  be  observed,  that  the  view  of  the 
composition  of  the  different  fats  here  given,  and  founded 
on  the  fact  of  their  decomposition  by  alkalies  into  ao  acid 
and  a  base,  is  confirmed  by  the  result  of  direct  analysis, 
which,  when  disposed  in  a  rational  formula,  in  all  cises 
gives  the  number  of  atoms  necessary  to  represent  the  or- 
ganic acid  and  base  which  they  are  supposed  to  coDtaiD. 

5055.  In  a  paper  published  in  the  last  number  of  the 
American  Journal  of  Science,  Dr.  Smith,  as  the  result  oft 
careful  analytical  investigation,  alleges  that  ethalic  acid  k 
the  sole  electro-negative  product  of  reaction  of  spermaceti 
with  alkalies,  in  the  process  of  saponification ;  and  that 
the  margaric  and  oleic  acids,  are  not  evolved  by  that  pro- 
cess. He  supposes  that  an  atom  of  spermaceti,  C**  H**  0*, 
is  separated  by  the  action  of  potash  into  an  atom  of  ethalic 
acid,  0»  H^^  CF,  and  one  atom  of  ethal,  C»  H^  O-  Prom 
the  fact  that  the  ethal,  thus  separated,  by  a  farther  treat* 
ment  with  potash  at  a  high  temperature  and  with  acoeas 
of  air,  may  be  completely  converted  into  ethalic  acid,  Smith 
infers  that  the  saponification  of  spermaceti  differs  from 
that  of  ordinary  fats,  since  the  glycerine,  which  they  yield, 
is  insusceptible  of  further  acidification:  also  that  sperma- 
ceti must  be  regarded  as  a  homogeneous  fatty  boay,  not 
containing,  ready  formed,  either  the  acid  or  base  which  it 
affords  when  treated  with  alkaUes. 

Properties  of  the  Fixed  Oils. 

5056.  I  infer  that  fixed  oils,  when  not  accompanied  by 
any  other  matter,  are  nearly  colourless,  insipid,  and  in- 
odorous. The  smell  and  taste  produced  by  them,  in  the 
state  in  which  thev  come  under  our  observation,  is  ob- 
viously  due  to  some  volatile  oil  or  acid  with  which  they  are 
associated.  Tlieir  colour  is  evidently  caused  by  foreign 
matter,  as  they  may  be  decolorized  by  charcoal,  in 
some  instances  impurities  exist  in  them  naturally,  in  others 
are  produced  during  their  elaboration  or  subsequent  expO' 
sure  to  atmospheric  oxygen,  by  which  they  are  more  or 
less  oxidized,  and  brought  into  the  state  calhxl  rancidity* 
The  fine  flavour  of  fresh  grass  butter,  and  the  nauseous 
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savour  of  that  which  is  rancid,  are  neither  of  them  to  be 
ascribed  to  the  pure  oil  of  butter,  which,  when  firesh  made 
firom  cream  obtained  from  cows  fed  on  hay,  although 
sweet,  is  not  highly  flavoured. 

5057.  The  difference  between  cold  pressed  olive,  or  cas- 
tor oil,  and  that  obtained  with  the  aid  of  heat,  shows,  that 
io  proportion  as  substances  of  this  kind  are  more  near  to 
the  natural  state,  the  less  they  are  endowed  with  colour,  or 
any  activity  as  respects  taste  or  smell. 

5058.  Boiling  with  magnesia,  diminishes  the  unpleasant 
nneU  and  taste  of  rancid  oils,  by  removing  the  acid  which 
causes  those  defects. 

5059.  As  in  every  animal,  and  in  a  great  number  of  ve- 
getables, fijced  oils  are  more  or  less  to  be  found,  of  which 
each  affects  the  sight,  the  smell,  and  taste,  in  a  different 
way,  it  might  be  imagined  that  there  was  much  difference 
in  the  proportions  of  the  ultimate  elements  of  which  they 
are  formed.* 

5060.  But  it  has  already  been  made  evident,  that,  in  or- 
ganic products  especially,  diversity  of  properties,  is  not  at- 
tended by  corresponding  diversities  in  the  proportions  of 
ultimate  elements.  However,  in  the  case  of  the  substances 
under  consideration,  it  is  probable  that  there  would  be  very 
little  difference  in  properties  to  be  accounted  for,  could 
those  substances  be  obtained  free  from  certain  volatile  oils 
Etnd  acids  by  which  they  are  accompanied.  It  is  not, 
therefore,  surprising,  that  the  results  of  ultimate  analysis 
do  not  display  any  material  difference  as  to  the  ratio  in 
which  carbon,  hydrogen,  and  oxygen,  enter  into  their  com- 
position. 

5061.  Agreeably  to  quotations  made  by  Raspail,  of  the 
ultimate  analysis,  by  various  distinguished  chemists,  of 
twelve  species  of  oils,  including  white  wax,  it  appears  that 
the  differences  resulting  from  the  diversity  in  composition, 

*  Mr.  M.  S.  Wright  has,  by  means  of  ether,  extracted  from  spurred  rye  or  ergot 
(eeevle  corantum)  a  fat  and  saponifiable  oil,  which  has  the  odoar  of  the  ergot,  and 
vhiek  he  alleges  to  have  a  like  efficacy.  This  oil  is  changed  by  exposure  to  air,  es- 
pveiftlly  if  simultaneously  heated,  becoming,  in  consequence,  brown.  Nevertheless 
itBftjbe  kept  unchanged,  in  well  closed  vessels.  It  is  soluble  in  alcohol,  ether, 
wlplin  mrhonic  acid,  and  fixed  and  volatile  oils.  Benelius  deems  it  worthy  of  a 
Bor«  tkorough  examination.     Report  for  1841,  page  150. 

It  flMj  be  inferred,  so  far  as  reliance  is  to  be  placed  on  the  statement  of  Mr. 
Wag^Af  tbat  the  active  principle  of  ergot  is  associated  with  the  oil  abovementioned. 
li  ntknavt  is  made  to  the  ergotin  of  Wiggers,  soppoted  by  him  to  be  the  active 
'  'i  of  offot    U.  8.  Dispensatory,  585. 
66 
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are  less  than  those  arising  from  variation  in  the  manipait- 
tions  of  the  different  analysts. 

5052.  There  seems,  however,  to  be  some  justificatioo 
for  the  idea,  that  in  concrete  oils  there  is  more  carboi; 
and  that  solubility  in  alcohol  increases  with  the  proportiOD 
of  oxygen, 

5063.  The  carbon  in  the  less  fluid  portion  of  olive  oil  is 
to  that  in  the  more  fluid  portion,  as  82tW  to  ISriw^  vhile 
the  oxygen  of  the  latter,  which  is  the  only  part  soiuUe  in 
alcohol,  is  to  the  former,  as  12-1^7  to  6. 

5064.  This  inference  is  supported  by  the  fact,  that  wUe 
the  fusing  points  of  spermaceti  and  beeswax  are  pre-eai- 
nently  high,  so  likewise  is  their  proportion  of  carbon. 

5065.  Fixed  oils  are  all  more  or  less  liable  to  a  skrn 
union  with  atmospheric  oxygen,  by  which  they  are  thick- 
ened  and  rendered  less  fit  for  combustion  in  lamps:  bot 
some  oils  are  susceptible,  in  this  way,  of  attaining  a  de* 
gree  of  induration,  forming  on  the  surface  an  adhesive  and 
elastic  pellicle  resembling  gum  elastic.  This  tendencf  is 
increased  by  boiling  the  oil  from  three  to  six  hours  with 
from  a  half  ounce  to  an  ounce  of  litharge,  and  ooe-fiMiith 
of  an  ounce  of  sulphate  of  zinc,  by  which  mucus  is  alleged 
to  be  coagulated,  which  protects  the  oil  from  oxidati<Mi  bj 
atmospheric  oxygen. 

5066.  The  oils  capable  of  being  thus  changed  are  csHed 
drying  or  siccative  oils.  Berzelius  applies  the  term  **non 
siccative"  to  those  which  are  not  capable  of  indurating  by 
exposure.  Linseed  oil  is  the  most  abundant  of  the  drying 
oils,  and  hence  is  most  employed  in  making  pigments  and 
varnishes.  The  oils  of  hemp  seed,  of  nuts,  of  tlie  seeds  ol' 
the  ricinus  communis,  of  croton  tiglium,  of  the  belladoniia. 
of  tobacco,  of  the  sunflower,  arc  placed  under  the  sicca- 
tive head  by  the  same  author. 

5067.  The  drying  oils  are  said  to  consist  of  the  oiide 
of  glyceryl  united  to  a  peculiar  liquid  acid  ditfering  from 
oleic  acid.* 

•  LiebijT  alle«TC9  himself  to  have  aRcertainod  that  the  presence  of  givcervl  in  otl.  a 
indispensable  to  qualify  it  for  a  varnish  ;  since  neither  the  oiein  nione'  nor  its  coab- 
nation  with  niar«raric  acid,  produces,  with  oxidized  lead,  a  varnish  capable  of  specdUv 
drying. 

The  success  of  the  following  process,  recommended  b}'  Mr.  Jonas,  seems  to  sfc** 
that  the  oxide  of  lead  may  be  replaced  in  the  usual  process  by  anotlier  oijdiSi( 
agent.    To  iO()  pounds  of  oil,  heated  previously  in  a  copper  boiler,  add.  drop  b?  disf. 
from  two  to  four  "gros"  of  concentrated  nitric  acid,  agitating  the  oil  contioiuBj 
The  acid  is  decomposed  with  a  lively  effervescence.    The  oil,  alter  this 
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5068.  When  oils  are  made  to  present  an  extensive  sur- 
face to  the  air  by  being  distributed  throughout  the  fibres 
of  cotton,  as  when  damaged  candles  are  heated  and  pressed 
to  separate  the  tallow  from  the  wicks,  spontaneous  inflam- 
Boation  is  liable  to  ensue.  If  paper,  linen,  tow,  wool,  cot- 
ton, straw^  wood,  shavings,  moss,  or  soot,  be  imbued 
■lightly  with  linseed  or  hemp  seed  oil,  and  exposed  to  the 
son  and  air,  especially  when  wrapped  up,  or  piled  so  as  to 
fimn  a  heap,  spontaneous  heat,  smoke,  or  ultimately  com- 
bustion, is  apt  to  follow.  If  linseed  oil  and  pulverized  per- 
oxide of  manganese  be  triturated  together,  a  soft  lump, 
formed  of  the  mixture,  will  soon  become  ignited.* 

OF  VOLATILE  OILS. 

Of  tie  Resemblances  and  Dissimilarities  of  the  Fixed  and 

Volatile  OUs. 

5069.  Volatile  oils  resemble  fixed  oils  as  respects  com- 
bustibility, solubility  in  ether,  and  insolubility  in  water. 
They  may,  however,  be  considered  as  much  more  liable  to 
inflammation  than  fixed  oils,  and  as  not  being  so  utterly 
insoluble  in  water. 

5070.  As  fixed  oils  do  not  vaporize  without  being  sub- 
jected to  a  heat  adequate  to  effect  their  partial  decompo- 
sition into  vapour  or  gas,  they  take  fire  only  when  in  con- 
tact with  an  ignited  body  sufficiently  large  in  proportion 
to  raise  them  to  a  red  heat.  Hence  a  comparatively  small 
quantity  of  a  fixed  oil,  poured  upon  embers,  causes  a  co- 
pious inflammation;  but  if  the  quantity  be  sufficiently  in- 
creased, the  embers  mav  be  extinguished  by  being  cooled 
below  ignition,  and  shielded  from  contact  with  the  air. 

\mng  aOowed  to  cool,  and  to  remain  at  rest,  bj  depoiiting  a  yellow  mactu  it  be- 
mtum^  aAer  a  few  dava,  clear,  and  may  be  decanted  from  the  ■ediraent,  forming  an 
tBB«llent  ramiah.  Report  on  Chemistrj,  by  Berzelius,  for  1841,  pajEre  148. 
*  Bj  the  reaction  with  nitric  acid,  or  still  better  with  the  red  fumei  of  nitrons 
id,  dein  is  resolved  partly  into  another  fat  oil,  called  elaidine,  consisting  of  a  fat 
n4,  distinflruished  as  the  claidic,  and  glycerine.  At  the  same  time  an  orange  red  oil 
ii  ■Mtrated . 

£lttdine,i>y  the  usual  process  of  saponification,  gives  up  the  glycerine  with  which 
it  ii  wuted,  to  the  alkali  employed.    The  rcsultinfir  elaidate  may  be  decomposed  by 
afltfOBMr  base,  and  claidic  acid  liberated,  of  whicn  the  formula,  when  crystallised, 
k  C  H*  O^  -f  2H0,  being  a  bibasic  acid.    The  orange-coloured  oil,  formed  simul- 
tumtmdj  with  elaidic  acid,  has  not  been  well  ezamin^. 
Fwi  •laidic  acid  fuses  at  1 13^,  and  is  soluble  both  in  alcohol  and  ether. 
b  fihm  ivmction  of  oliye  oil  with  nitrate  of  mercury,  by  which  citrine  ointment  is 
»y  Wih  elaidic  acid  and  the  orange-red  oil  are  produeed.    To  the  latter  the  eha 
'    niiell  and  bne  of  the  ointment  is  attribnted. 
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5071.  Agreeably  to  t  i  »  iaveitnif  ft 
firiited  candle  causes  an  ex  »n  of  the  flBma.  Oil  Ai 
ouer  handy  any  yolat  oil  tne  ridnty  of  an  _ 
body  forms,  on  contact  th  t  lir,  a  saperatntnni  t£ 
pour  interminffled  with  a  m  oxygen,  so  as  toe 
stitute  an  in£tmmable  mixture.  Hence  the  appnackef 
any  thing  ignited  or  inflamed,  <  ses  a  ccmflagratioa  if  the 
whole  surfiu^e.  This  makes  it  eyident  wberefiue,  ii  the 
combustion  of  fixed  oils,  as  in  lamps  and  candles^ 
is  requisite^  which  being  brought  into  a  state  of 
at  the  upper  extremity,  and  d  iwing  up  the  ^ 
matter  by  capillary  attraction,  causes  minute  poitiOMS  to 
be  successively  subjected  to  the  heat  requisite  to  a 
position  into  the  combustible  gas  and  yapour,  by 
flame  is,  in  such  cases,  supported. 

5072.  Although  volatile  oils  may  be  described  \ ^ 

miscible  with  water,  they  are  not  like  those  of  the  odMr 
class  per/edlff  insoluUe  in  that  liquid.  Hence  rose  iMpi 
cinnamon  water,  peppermint  water,  as  well  as  maay.Ml^. 
logons  preparations,  are  formed  by  the  union  of  a  wamJUf 
portion  of  an  essential  oil  with  water,  during  its  dintilliliw 
nrom  the  native  product  containing  the  oil,  or  ban 
tion  of  it  previously  procured. 

5073«  lYater  by  agitation  with  a  fixed  oil,  may 
a  savour  resembling  that  associated  with  the  oil,  bot'tbiB 
is  owing  to  a  solution  of  the  foreign  matter  to  whicii  diat 
savour  is  due,  rather  than  the  presence  of  the  oil  itself. 
Yet  the  repulsion  which  exists  between  the  oily,  and 
aqueous  particles,  causes  a  surprisingly  rapid  distnbotioo 
of  oleaginous  liquids  over  the  surface  of  the  water,  is 
that  it  is  difficult  to  remove  every  trace  of  greasiness  afitf 
it  has  been  imparted.  It  is  in  consequence  of  this  propa*- 
ty  that  oil  has  been  found  to  abate  the  size  and  duratioB 
of  waves  by  lessening  that  hold  of  them,  taken  by  the 
wind,  to  which  they  owe  their  existence. 

5074.  The  great  affinity  existing  between  fixed  and  to- 
latile  oils,  renders  it  possible  to  combine  them  in  any  pre* 
portion.  The  volatile  oil,  being  usually  the  most  liquia,  ii 
considered  as  the  solvent,  and  this  appears  especially  pro- 

Eir,  when  oil,  in  the  solid  form  of  fat,  is  taken  up  by  the» 
ence  the  efficacy  of  oil  of  turpentine  in  removing  ptali 
which  consists  of  a  drying  oil  and  the  metallic  compouaii 
forming  the  pigment.    Hence,  also,  the  oil  of  turpentise 


OF  VOLATILB  OILS.  431 

is  ased  to  attenuate  paints  and  varnishes,  made  with  sic- 
cative oils. 

5075.  The  readiness  with  which  fixed  oilsjmbibe  those 
of  the  volatile  kind,  has  led  to  their  employment  in  se- 
curing the  delicate  essences  of  certain  flowers.  The  odo- 
riferous petals  being  stratified  between  alternate  layers  of 
carded  cotton,  imbued  with  an  inodorous  fixed  oil,  their 
essence  is  taken  up  by  the  latter,  and  is  subsequently  se- 
parated by  distillation  with  water.* 

Of  Volatile  Oils  in  particular. 

5076.  After  the  efforts  made  in  the  preceding  pages,  to 
discriminate  fixed  from  volatile  oils,  it  must  be  evident, 
that  the  latter  are  distinguished  from  the  former,  by  sus- 
ceptibility of  spontaneous  evaporation,  and  of  being  dis- 
tilled with  the  steam  of  boiling  water,  by  greater  inflamma- 
bility, the  absence  of  greasiness,  superipr  solubility  in 
water  or  alcohol,  and  lastly,  an  insusceptibility  of  being 
jecomposed  by  alkaline  and  other  bases,  so  as  to  yield  to 
be  latter  saponifiable,  oily  acids.  Like  fixed  oils,  many 
rolatile  oils  consist  of  a  more  fluid,  and  a  less  fluid  oil,  of 
^hich  the  former  is,  of  course,  more  readily  congealed  by 
:oId.  They  are  also  prone,  like  fixed  oils,  to  absorb  oxy- 
ren,  and  to  have  a  portion  of  their  hydrogen  removed  by 
initing  therewith;  being  thus  partially  converted  into  a 
esinous  mass,  which  remains  in  solution  in  the  rest  of  the 

)il. 

5077.  By  some  chemists,  the  less  fusible  or  liquid  por- 
;ion  is  called  stearopten,  the  more  liquid  part,  elaopten. 
3y  others,  the  words  stearessence  and  ole^ssence  are  sub- 
stituted, respectively,  for  the  names  above  mentioned. 

5078.  In  some  respects  there  is  a  great  analogy  in  the 
MToperties  of  volatile  oils  and  ethers.  The  latter  as  respects 
rolatility,  incapacity  to  mix  with  water,  solubility  in  alco- 

*  For  removing  oils  from  clothes,  nil  of  turpentine  or  anr  other  volatile  oil  may 
id,  bat  followed  by  some  inconvenience  from  the  smell  of  the  oil  enduring  for 
time  afterwards.  By  enclosing  the  greasy  spot  between  folds  of  blotting  pa- 
md  applying  a  hot  smoothing  iron  to  the  paner,  the  oil  ia  drawn  up  by  capnlarj 
Dikm ;  and  the  more  readily  if  its  bulk  and  tusibility  be  previously  increased  bj 
Jie  adfitioii  of  an  essential  oil. 

It  M  kj  capillary  attraction  that  moistened  clay,  in  drying,  draws  grease  out  of  a 
>;  and  in  like  maaner  leather  is,  by  previous  moistening,  made  to  take  up  oil, 
'    *  to  it  superficially,  as  the  moisture  is  vaporized. 

aleobol,  eapeciallv  wlien  hot,  may  be  used  to  extract  greaae;  alto  ftQOft 
or  the  alcohol  and  ammonia,  without  being  heated,  may  oe  onited  for  thia 
I,  with  ttill  greater  effect. 
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hol,  and  ability  to  unite  in  all  proportions  with  volatile 
oils,  cannot  be  distinguished  from  them.  But  as  to  cob* 
position  there  is  no  analogy;  while  between  fixed  oils  aal 
certain  ethers,  both  consisting  of  acids  in  union  with  aa 
oxidized  compound  radical,  the  analogy  in  composition  n 
perfect. 

5079.  Volatile  oils  may  be  arranged  into  several  Kts, 
or  classes,  according  to  their  origin. 

5080.  1st.  Oils  directly  produced  by  vegetables  and  ex- 
tricated by  pressure,  heat,  or  solvents,  so  as  to  be  obtained 
in  their  native  state. 

5081.  2d.  Oils  which  result  from  the  reaction  of  the 
proximate  elements  of  vegetation,  as  the  oil  of  bitter  al- 
monds, of  spirea,  and  black  mustard  seed. 

5082.  3d.  Oils  which  have  been  produced  by  the  reac- 
tion of  their  ultimate  elements  durinc:  destructive  distilla- 
tion,  or  by  the  reaction  of  organic  substances  with  chemical 
agents.  Among  these  we  may  place  mineral  naphtha,  coal 
naphtha,  kreosote,  camphogen,  caoutchouchine,  and  a  great 
variety  of  liquids  resulting  from  the  exposure  of  bitununoai 
or  resinous  substances  to  heat. 

5083.  It  must  be  evident  that  for  almost  every  flower 
and  fruit,  as  well  as  many  leaves  and  roots,  there  is  an 
appropriate  odour;  and  moreover,  that  in  some  instances, 
as  in  that  of  the  orange,  different  parts  of  the  same  phnt 
will  be  productive  of  different  odours.  In  all  cases  where 
such  odours  are  observed,  we  have  good  reason  to  infer 
the  existence  of  a  peculiar  volatile  oil.  It  is  plainly  amoDg 
the  wonders  of  the  creation,  that  such  diversity  of  proper- 
ties should  be  found  in  substances  of  which  a  iireat  number 
consist,  as  far  as  chemical  skill  can  determine  the  question, 
of  only  two  ultimate  elements,  carbon  and  hydrogen,  which 
are  severally,  when  isolated  and  pure,  inodorous.  Mafljr 
different  kinds  of  non-oxygenated  volatile  oils  are  com- 
posed of  these  elements  in  the  same  proportion. 

5084.  The  volatile  oils  generated  by  vegetation,  are  gene- 
rally extricated  by  subjecting  the  substance  containing  them 
to  distillation  with  water,  when,  agreeably  to  the  Daltonian 
law  (229)  that  one  vapour  acts  as  a  vacuum  to  another,  a 
portion  of  the  oil  conies  over,  bearing  the  same  ratio  to 
the  aqueous  steam,  that  the  tension  of  the  one  vapour  in 
vacuo  would  have  to  that  of  the  other.  Thus,  supposing 
that  at  212°  the  oil  would  boil,  when  within  the  containing 
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ressd  the  pressure  should  be  equal  only  to  five  inches  of 
nercury,  while  the  aqueous  steam  may  be  formed  under  a 
>ressure  of  30  inches,  then  the  vapour  which  would  come 
Dver  when  they  are  both  subjected  to  distillation  at  212% 
wovld  be  a  mixture  of  five  volumes  of  steam  for  one  of 
vaporized  oil. 

50S5.  Some  oils  are  obtained  by  expression,  those  of  the 
ikins  of  oranges  and  lemons  for  instance,  while  others  are 
>rocured  by  maceration  in  fixed  oils  (5075),  which,  when 
nodorous,  may  be  used  as  a  vehicle  for  their  subsequent 
ipplication,  or  may  be  made  to  give  them  up  by  distillation 
p?ith  water,  as  already  mentioned. 

5086.  Ether  may  be  advantageously  employed  to  isolate 
rolatile  oils.  It  is  an  excellent  solvent  of  them,  and  when 
[uite  pure  evaporates,  leaving  them  unchanged. 

50€r7.  When  distilled  or  evaporated  without  protection, 
here  is  a  reaction  between  them  and  atmospheric  oxygen, 
ir  other  impurities,  by  which  more  or  less  resin  is  gene- 
ated.  Hence,  when  used  as  solvents  for  resins,  they  do 
kot  dry  off  as  well  as  alcohol  or  ether.  The  afiSnity  which 
>il  of  turpentine  has  for  some  resins,  common  resin  among 
>ther8,  is  so  great  that  mere  evaporation  in  the  air  never 
^uses  its  entire  removal  from  them. 

5088.  By  agitation  with  diluted  sulphuric  acid  with  al- 
cohol, or  preferably  with  a  solution  of  chloride  of  calcium 
n  alcohol,  the  resin  may  be  removed  from  an  essential  oil, 
IS  is  shown  by  the  colour  imparted  to  the  detergent  liquid, 
&nd  the  diminution  of  that  of  the  oil.* 

5089.  According  to  Graham,  the  odour  of  essential  oils 
is  due  to  oxidizement,  since  no  oil  has  any  smell  imme- 
diately after  its  distillation,  in  an  atmosphere  of  carbonic 
acid.  This  may  afford  an  explanation  of  a  fact,  which  I 
liave  long  noticed,  that  an  alcoholic  solution  of  a  volatile 
M  has  more  odour  than  the  oil  when  isolated.  Hence  the 
importance  of  keeping  such  substances  in  well  closed  bot- 
tles must  be  evident. 

5090.  The  inflammation  of  an  essential  oil  by  concen- 
trated nitroso-nitric  acid,  has  been  shown.  A  compound 
results  from  its  reaction  with  them,  when  inflammation 

*  A  ■mall  proportion  of  alcohol,  and  also  of  water,  is  liable  to  be  held  by  essential 
•Of.     Tills  may  be  removed  by  chloride  of  calcium.     In  fact,  this  chloride  has  been 
•nded  lately  to  be  used,  in  order  to  detect  the  falsification  of  such  oils  bj  al. 
If,  on  adding  a  lump  of  anhydrous  chloride  to  the  oil,  no  change  in  the  sur- 
im  perceived,  the  oil  may  be  considered  as  free  from  both  alcohol  and  moisture. 
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does  not  ensue,  which  has  not  been  well  examined.  With 
iodine  some  of  the  volatile  oils  have  an  explosive  reac- 
tion. 

5091.  Volatile  oils,  at  a  high  temperature,  dissolve  modi 
sulphur,  and  a  small  proportion  of  phosphorus,  and  are  in 
some  degree  soluble  in  several  vegetable  acids,  as  for  in- 
stance, acetic,  oxalic,  succinic,  and  the  oily  acids.  With 
the  exception  of  oil  of  cloves,  of  cinnamon,  and  of  cedar 
wood,  they  do  not  form  compounds  when  heated  with 
alkaline  or  earthy  bases.  They  are  not  susceptible  of 
saponification.  When  triturated  with  sugar  they  are  more 
ready  to  mingle  with  water.  They  are  excellent  soIveuU 
of  the  fixed  oils,  fat,  spermaceti,  w  ax,  and  generally  for  le- 
sins.  Agreeably  to  my  observations,  the  volatile  oils,  es- 
pecially those  containing  oxygen,  absorb  sulphurous  acid 
copiously ;  and  even  when  washed  with  liquid  ammonia,  do 
not  give  all  the  elements  of  the  acid,  but  retain  it,  prohh 
bly  in  the  state  of  hipposulphuric  acid. 

5092.  The  density  of  native  essential  oils  varies  betweea 
0.750  as  in  the  case  of  that  of  coriander,  and  1.096  intke 
instance  of  oil  of  sassafras. 

5093.  From  caoutchouc,  or  gum  elastic,  an  oil  has  been 
obtained  of  the  density  of  .670,  which  is  much  less  thiB 
that  of  any  native  oil  evolved  from  vegetables. 

5094.  Volatile  oils,  in  general,  absorb  six  or  eight  tiroes 
their  volume  of  ammoniacal  gas ;  but  the  oil  of  laveDder 
absorbs  47  times  its  volume. 

5095.  Oil  of  turpentine  absorbs  one-fifth  of  its  volume 
of  carbonic  acid;  nearly  double  its  volume  of  carbonic 
oxide;  twice  its  volume  of  olefiant  gas;  21  per  cent,  of 
nitrous  oxide,  and  five  times  its  volume  of  cvar.o<xen. 

509(5.  Volatile  oils  are  convorti'd  into  rosins  bv  those 
metallic  oxides  >vhich  are  roadilv  deoxidized  :  also  bv  tie 
chlorides  of  tin  and  of  antimony.  What  is  called  Star- 
key's  soap,  obtained  by  triturating  oil  of  turj>entine  vith 
an  alkali,  is  a  combination  of  a  resin,  produced  during  the 
process,  with  the  alkali  employed. 

Volatile  Oils  con(aini?ig  Sulphur  as  a?)  ultimate  Klrmrnt. 

5097.  The  pn^sc^ncci  of  sulphur  in  the  volatile  oils,  which 
come  under  the  preceding  designation,  forms  a  ren^urkabie 
exception  to  the  prevailing  composition  of  such  oils.     The 
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Ltile  oils  of  black  mustard  seed,  of  horse-radish,  of 
)ns,  of  asafoetida,  of  water  pepper,  of  hops,  and  some 
^rs,  contain  sulphur. 

Volatile  Oil  of  Mustard,  O  H*  NS». 

098.  This  oil  is  obtained,  by  distillation  with  water, 
[1  the  black  mustard  seed,  beings  it  is  alleged,  the  result 
:he  reaction  of  an  albuminous  constituent  called  myro- 
^  and  an  acid  denominated  myronic  acid.  Volatile  oil 
pustard  is  colourless,  heavier  than  water,  affecting  the 
ctory  nerves  so  painfully  as  to  induce  tears,  and  pro- 
ing  inflammation  and  blisters  on  contact  with  the  SKin. 
boiling  point  is  289.4.  When  inflamed,  it  gives  fumes 
ulpburous  acid.  By  distillation  from  hydrated  oxide  of 
I,  It  is  deprived  of  its  sulphur,  and  resolved  into  ammo- 

and  a  crystalline  substance  called  sinapoline. 

099.  From  the  formula  it  will  be  seen  tnat  this  oil  con- 
8  one  atom  of  nitrogen,  as  well  as  two  atoms  of  sul- 
r.  From  the  contact  of  this  oil  with  ammonia  in  a 
i  closed  phial,  a  crystalline  compound  is  formed,  sup- 
3d  to  be  an  amiduret.    Of  this  the  formula  is  C^  H^  NS' 

m\ 

100.  The  remarks  which  were  made  respecting  the  in- 
3diency  of  treating  of  fixed  oils  in  detail,  apply  equally 
le  case  of  the  volatile  oils. 

101.  For  information  respecting  their  medical  proper- 
,  their  botanical  relations,  and  the  processes  of  extri- 
ng  them,  where  they  are  among  the  articles  of  the  raa- 
Ei  medica,  reference  may  be  had  to  the  United  States 
pensatory. 

102.  It  has  been  mentioned  that  there  are  two  classes 
>il8 ;  one  containing  oxygen,  the  other  devoid  of  that 
lent.  The  following  tables  of  the  more  important  vo- 
e  oils,  with  and  without  oxygen,  are  given  by  Kane. 
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Volatile  Oils  containing  Oxygen^ 


Plant  yielding  the  Oil. 

Sp.gr. 
as  Liqoid. 

Boiling 
Point. 

AJL 

Cajeput      .... 

0.927 

347*» 

C»*  H»  O 

Lavender  .     •     . 

0.896 

397° 

C"  H**  O 

Rosemary       •     . 

0.897 

866° 

C«H-0« 

Pennyroyal     .     , 

0.925 

395° 

C"  H-  O 

Camphor  tree 

0.910 

C«  H*«  O 

Valerian    •     •     . 

518° 

C*>H*«0 

Spearmint       •     . 
Marjoram  •    • 

0.914 

C«*H"0 

0.867 

354° 

QSO  H*o  0 

Aaarum      •     •     « 

C*«H»0 

Feni^l       •     •     . 

0.997 

C«o  H"  0« 

Anise    •     •     •     . 

Cto  H»  0» 

Peppermint     •     . 

0.902 

CtiH-'O* 

Rue      .     •     •     . 

0.837 

446° 

C-H-0* 

76N 

Olibanum  •     •     . 

0.866 

323° 

C»»H"0 

Cumin  •    •     •     , 

0.860 

418° 

C»H"0« 

SON 

Volatile  Oils  devoid  of  Oxygen. 


Plant  yielding  the 

Sp.gr. 
aa  liquid. 

Boiling 

Sp.  gr. 
as  Vapour. 

Circular  Fofanill 

Oil. 

Point. 

Formula. 

Pom. 

Citron    .     •     . 

0.847 

343° 

SCO 

+  80°9,iUl 
+  34''2,Ml 

Copaiva      .     . 

0.878 

473° 

bc      •> 

Parsley       .     . 

410° 

%l^rs 

-c  2 

Juniper       .     . 

0.839 

311° 

1,  |,6.o  *  -  . 

—  3°5,M 

Savinc  .     .     . 
Cubcbs  .     .     . 
Black  Pepper  . 

0.929 

315° 

o     ^     ^     *-      ri     X     C   ^ 

—  40°  I,  teft     1 

1 

Bergamotte 

315°   i*^               ^ 

1 

+  29'  3,  ri«bt 

Turpentine 

0.864 

—  43"  3,  left 

5103.  Generally,  essential  oils  containing  oxygen  naj 
be  separated  into  an  acid  and  an  oil  destitute  of  oxygeo, 
by  reaction  with  fused  hydrate  of  potash.  Thus,  from  oil 
of  valerian,  valerianic  acid  has  been  obtained,  and  an  oil 
which,  absorbing  o.xygen  rapidly,  is  converted  into  com- 
mon camphor.*  Oil  of  cumin,  by  similar  treatment,  yiefch 
cuminic  acid,  which  is  analogous  with  benzoic  acid,  and  ii 
conjectured  to  have  a  relation  to  a  peculiar  compound  ri* 
dical,  cumyl,  analogous  to  that  which  the  acid  last  meft* 
tioned,  has  to  benzule  or  benzyl. 
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4.  The  composition  of  all  the  essential  oils  free  from 
n,  may  be  represented  by  C^  H^  their  formulas  being 
lies  of  these  numbers.  Turpentine  has  the  formula 
H»«;  cubebs  O'  H";  and  the  rest  C^  UK 
*5.  Kane  observes,  that  an  examination  of  the  tables 
given,  will  make  it  appear  that  all  essential  oils  Gon- 
*  multiples  of  C^  H^  with  oxygen  and  water. 
^.  Of  Oil  of  Turpentine. — ^This  is  the  cheapest,  and 
by  much  the  most  used  of  all  the  volatile  oils,  and 
lies  a  good  exemplification  of  an  essential  oil  devoid 
^gen.  When  pure,  it  is  as  colourless  and  limpid  as 
»  Its  volatility,  inflammability,  hot  pungent  taste, 
sagreeable  smell,  recalling  that  of  camphor,  are  well 
I.  At  72°  F.  its  density  is  .86.  Its  boiling  point 
>ve  300^  In  water  it  is  but  minutely  soluUe,  and 
Jcohol  only  takes  up  about  one-seventh  of  its  bulk* 
hot,  it  takes  up  a  larger  proportion,  which  is  de« 
1  by  refrigeration.  As  found  m  commerce,  oil  of 
tine  is  said  to  contain  oxygen,  whereas,  in  truth, 
is  a  resin,  in  which  that  element  is  a  constituent,  and 
rhich  it  may  be  freed  by  distillation  with  water,  or 
itation  either  with  alcohol,  with  diluted  sulphuric 
IT  with  an  alcoholic  solution  of  chloride  of  calcium, 
the  diversity  of  the  two  compounds  formed  with  it 
orohydric  acid,  there  cannot  be  a  doubt  that  it  ccm- 
>f  two  volatile  oils  differing  but  little  in  composi- 
These  are  alleged  to  give  rise  to  two  different  resins, 
in  the  rosin  which  is  associated  with  it  in  its  native 
^   See  artificial  camphor,  camphene,  dn:.  5112, 5114. 

mUj  distilled,  and  afler  being  carefully  purified  of  an^  ratinoas  matUr,  oil 
itino  has  been  found  capable,  lately,  of  being  burned  in  Argand  lampe  of  a 
eotwtraetion,  and  of  giving  a  light  much  more  interne  than  that  produced 
oil.  wax,  or  gat. 

,  the  exeen  of  carbon  which  makei  the  flaroea  of  volatile  oila  too  foliginooa 
le  aobiected  to  combustion  in  ordinary  lamps,  is,  in  the  case  in  point,  the 
the  superior  light,  as  it  ii  well  known  that  the  intensity  of  the  illumination 
qosntity  of  carbon  oxidized  in  a  given  space. 

lour  of  oil  of  turpentine,  and  a  flccculcnt  deposition  of  carbon,  notwithstand- 
tbere  is  no  apparent  association  of  such  matter  with  the  flame;  also  the  ad- 
langer  in  case  of  fire  resulting  from  the  presence  even  of  a  amall  quantity 
lile  inflammable  liquid,  are  the  great  objections  to  the  general  use  of  this 
(d  brilliant  method  of  illumination.  For  streets  and  lightliouses,  where  gas 
e  employed  advantageously,  a  resort  to  this  process  may  be  highly  expe- 

ineiples  already  adverted  to,  by  which  a  liquid  in  contact  with  matter  in  a 
vaporization,  will  be  vaporized  proportionably  to  the  tension  of  the  vapour 
woold  form  in  vacuo  at  that  temperature,  are  bronght  into  play  when  a  lo- 
tarpentine  in  alcohol  is  burned  in  lamps  of  an  appropriate  form.  This  eon- 
ie  founded  npon  experiments  made  by  myself  more  than  twenty  years  ago, 
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Of  Camphor. 

5107.  Camphor,  C?^  W^  0\  or  C«  H"  +  2HO,  seem  to 

have  a  relation  to  the  volatile  oils,  resembling  that  of  sttt- 
rine  or  spermaceti  to  the  fixed  oils,  being  a  species  of  coo* 
Crete  oxidized  volatile  oil.  It  is  represented  as  the  stet- 
ropten  of  the  oil  of  camphor.  Its  consistency,  smell,  tute, 
solubility  in  alcohol,  in  ether,  and  in  the  fixed  and  voktile 
oils;  also  its  insolubility  in  water,  and  susceptibility  of 
volatilization  or  evaporation  in  the  air,  are  well  knovn. 
Camphor  fuses  at  347%  boils  at  399.2^  Its  density  in  &6 
solid  state,  as  compared  with  that  of  water,  0997 ;  in  tte 
state  of  vapour,  as  compared  with  air,  5317. 

5108.  By  repeated  distillations  with  anhydrous  piM» 
phoric  acid,  it  loses  two  atoms  of  water,  and  is  reduced  t» 
the  state  of  a  colourless  liquid  hydruret  of  carbon,  O*  IP, 
of  the  density  of  .861  at  57'',  being  denominated  by  Ai* 
mas,  its  discoverer,  camphogen.  Camphogen  is  analogcw 
to  benzole  or  naphthaline. 

5109.  Liquid  camphor,  C*^H"OS  is  a  product  of  As 
same  tree  as  concrete  camphor,  and  contains  a  more  liqidl 
portion,  and  less  liquid  portion.  The  former,  the  elaoptea, 
differs  from  concrete  camphor  in  containing  only  half  ai 
much  oxygen.  Its  density  is  less  than  that  of  the  solid 
camphor.  In  composition,  the  latter  differs  from  oil  o( 
turpentine  only  in  the  presence  of  two  atoms  of  oirgeo; 
liquid  camphor  in  the  presence  of  one  atom  of  the  same 
element. 

5110.  An  interesting  account  of  this  substance  will  be 
found  in  the  United  States  Dispensatory. 

5111.  Other  volatile  oils,  besides  that  of  the  camphor 
tree,  yield  stearopten  analogous  to  camphor.  Of  such  oib 
Kane  gives  the  following  table: — 

when  I  used  a  mixture  of  six  parts  of  alcohol,  and  one  of  oil  of  turpentine,  in  ti  At* 
gand  lamp. 

Subsequently,  however,  on  bcinp  consulted,  I  objected  to  the  use  of  the  cottn* 
yanco  on  account  of  the  danger  arising  from  its  liability  to  inflame.  Expeheoet  h* 
ihown,  by  many  melancholy  disasters,  that  this  counsel  was  correct. 
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Dt  giving  the 
Camphor. 

Sp.  gr. 
as  Liqaid. 

Melting 
Point 

Boiling 
Point 

Sp.  gr. 
of  Vapoor. 

Formula. 

le  (Otto)     . 
sley       .     . 

77° 
70** 

650° 
552° 

CH 

C«  W  0* 

FloreDtina 

C*H*0 

campaoe    . 
iruiD      .     • 

108*» 
104** 

580° 

C*«H"0* 

mel        .     • 

1.014 

68** 

428° 

Cto  H"  0« 

.se    •     .     • 

64° 

430° 

5680 

C«»  H»  0» 

'permint 
)eb9  .     .     . 

91° 

406° 

5455 

C"  H**  O 

rpeotine 

1.057 

802° 

811° 

C*H«»0* 

n  comparing  these  formale  with  thoee  of  the  corresponding  oils,  it  is  seen  that 
imphora  arise  from  very  various  causes ;  in  some  oases  they  are  isomeric  with 
le,  in  others  oxides  of  them,  and  in  others  hydrates;  thus,  the  camphor  of  tar- 
le  may  be  formed  at  will,  by  agitating  the  oil  with  water  and  then  exposing  it 
d ;  fhe  hydrate  crystallizes  out  in  colourless  prisms,  sometimes  of  mat  sixe. 
be  peppermint  camphor  has  been  found  to  yield,  by  the  action  of  reagents,  a 

of  compounds.  Thus,  by  the  action  of  glacial  phosphoric  acid,  or  of  oil  of 
,  a  light  oil  was  obtained,  having  the  formula  C»  H>*,  which  is  termed  iima- 

By  ue  action  of  chlorine,  a  thick  heavy  liquid  is  produced,  C^^  H^^  Cl*  O*. 
trie  acid,  menthen  yields  a  heavy  oily  liouid,  C»  H**  O*,  which  possesses  acid 
rtMs ;  and  with  chlorine,  menthen  yielos  a  syrapy  yellow  liqaid,  haviDg  the 
la  C»  H»»  Cl»." 

Artificial  Camphor. 

112.  If  one  hundred  parts  of  oil  of  turpentine,  refrige- 
d  by  snow  and  salt,  be  saturated  with  chlorohydric 
!  gas,  by  means  of  an  impregnating  apparatus,  a  quan- 
of  the  gas,  equal  to  about  one-third  of  the  weight  of 
turpentine,  is  absorbed.  Meanwhile  the  turpentine  is 
nged  into  a  soft  crystalline  mass,  from  which,  allowing 
>  drip  for  some  days,  about  twenty  parts  of  a  colour- 
acid  liquor  are  obtained,  charged  with  many  crystals, 
one  hundred  parts  of  a  white,  granular,  crystalline  sub^ 

ice,  which  so  much  resembles  camphor  in  odour  and 
itility,  that  it  has  received  the  same  appellation. 

113.  Artificial  camphor  is  lighter  than  >vater.    It  does 
redden  litmus.    It  may  be  sublimed,  but  not  without 

tial  decomposition.  If  passed  through  an  incandescent 
^  it  is  resolved  into  its  constituents.  It  dissolves  in  al- 
ol,  and  is  precipitated  from  it  by  water  unchanged. 
ofme  is  disengaged  from  it  by  nitric  acid.  This  sub- 
ice  has  been  analyzed  both  by  Dumas  and  Oppermann. 
x>Tding  to  the  former  chemist,  it  is  composed  of  one 
one  of  chlorohydric  acid  united  to  one. volume  of  a 
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compound,  formed  of  ten  atoms  of  carbon  and  eight  of 
hydrogen,  and  consequently  identical  in  compositioD  nidi 
pure  oil  of  turpentine. 

Of  Camphene  or  CampheUney  and  Terehene. 

6114.  From  artificial  camphor,  by  subjection  to  the  distillatorj 
with  quick-lime,  an  oil  separates,  called,  by  Dumas,  camphene,  \n 
camphelene.  This  oil  is  identical  in  composition  with  pure  oil  of ' 
dne,  and  difiers  from  it  so  little  in  properties,  that  were  it  not  that  ths litter 
has  a  power  of  causing  a  pencil  of  polarized  rays  to  turn  to  the  U|  of 
which  power  the  former  is  devoid,  one  could  not  be  distinguished  fron  At 
other.  The  liquid  from  which  the  artificial  camphor  crystallizes,  hM  Ai 
smell  of  camphor  no  less  than  the  crystalline  portion,  and  consists  of  nwlf 
the  same  ultimate  elements,  united  to  chlorohydric  acid.  It  has  a  relalaa 
to  artificial  camphor  like  that  which  the  elcapten  of  a  volatile  oil  bmsfe 
the  stearopten.  When  this  liquid  artificial  camphor  is  distilled  with  nl* 
phuric  acid  at  as  low  a  heat  as  possible,  an  oil  is  obtained,  called  leiebeHi 
which  is,  like  camphene,  devoid  of  the  power  of  causing  any  rotatioo  in  p 
larized  rays.  Yet  either  terebene  or  camphene,  by  uniting  again  withcfi^ 
rohydric  acid,  may  regenerate  each  the  kind  of  artificial  caropbor  fiw 
which  it  was  evolved,  and  in  this  respect  they  difier  from  each  other,  vHi 
difiering  from  the  pure  native  oil  as  already  stated.  Yet,  by  oonUHf 
with  chlorine,  both  camphene  and  terebene  acquire  a  power  of  caunB^  ii 
polarized  light,  a  rotation  in  a  direction  the  opposite  of  that  produced  by  Ai 
native  oil  of  turpentine  (4052). 

Of  Kreosote. 

5115.  This  name  has  been  given  to  an  essential  o3t  ^ 
which  allusion  has  been  above  made,  as  one  of  the  pro- 
ducts of  the  destructive  distillation  of  vcijetablc  matter.  It 
is  represented  as  highly  interesting  and  important,  on  ac- 
count of  its  efficacy  as  a  medicine,  and  in  preserving  meat; 
being  in  fact  considered  as  the  principle  to  wliich  pyrolig- 
neous  acid  and  wood  smoke  are  indebted  for  their  antisep- 
tic powers,  and  tar-water  for  its  medicinal  virtues.* 

5116.  Kreosote  is  elaborated  either  from  crude  pyrd^f- 
neous  acid,  or  from  wood  tar,  by  a  series  of  distiliatiooSi 
and  subjection  to  diflerent  agents. 

5117.  Besides  its  activity  in  medicine,  kreosote  is  al- 
leged  to  have  energetic  powers  as  a  chemical  ajrent.  Iiw 
an  oleaginous,  colourless,  transparent,  and  higlily  retract- 
ing liquid.  It  has  the  smell  of  crude  pyroligneous  acidtOr 
of  smoked  meat,  and  its  taste  is  caustic  and  burning.    To 

*  The  antiseptic  powor  of  oil  of  clovos.  and  still  more  that  of  oil  of  cinnamon,  ■*  1 
•qoal  to  those  of  kreoKOto,  ajrreeablv  to  my  pxperinient'*  made  with  meat  or  ems  * 
A  few  dropi  of  cinnamon  oil  addod  to  a  [>aHto  of  jrum  tragacanth,  will  prereBt,  bt 
moatha,  the  fetor  which  otherwise  ia  soon  acquired. 
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le  tooch  it  is  a  little  greasy,  and  its  consistency  is  similar 
>  that  of  tlie  oil  of  almonds.  It  is  rather  heavier  than 
ater,  being  of  the  specific  gravity  of  1.037.    It  boils  at 

5118.  Kreosote  is  devoid  of  acid  or  alkaline  reaction. 
Vith  water  it  forms  two  combinations— one  a  solution  of 
De  part  of  kreosote  in  four  hundred  of  water,  the  other  a 
ilution  of  one  part  of  water  in  ten  of  kreosote.  It  unites 
I  all  proportions  with  alcohol,  ether,  and  naphtha,  and  is 
ipable  of  dissolving  a  large  quantity  of  iodme  and  pbos- 
tiorusy  and  likewise  sulphur,  especially  when  assisted  by 
Bat*  Agreeably  to  Thenard,  the  composition  of  kreosote 
I  ezpres^  by  the  formula,  C**  H*  O*. 

Cff  Essential  Oils  which  are  Hydrurets* 

5119.  Among  the  oils  which  may  be  called  hydrurets, 
re  the  hydruret  of  benzule  or  oil  of  bitter  almonds;  an 
iljr  hydruret  ejcisting  in  the  commercial  oil  of  cinnamon 
r  cassia,  called  hydruret  of  cinnamyl;  the  oil  of  spirea 
Imaria  or  hydruret  of  salycyl;  and  the  hydruret  of  cumyl^ 
erived  from  the  oil  of  cumin.  Of  the  three  first  men- 
iooed  oils,  some  account  has  been  given  in  treating  of 
beir  radicals ;  and  to  the  hydruret  of  cumyl,  allusion  was 
nade  in  paragraph  5103.  I  do  not,  however,  deem  it  ex- 
«dient  to  give  any  details  here  respecting  any  of  these 
ils,  excepting  the  hydruret  of  benzule.  Of  this  I  shall 
real  for  tne  purpose  of  exemplification. 

Cfike  Hydruret  of  Benzule ^  or  Oil  of  Bitter  Almonds. 

5120.  The  formula  of  this  hydruret  is  C»*  H*  0«  +  H,  or  BZ  +  H.  By 
Usdllinff  bitter  almonds,  or  the  leaves  of  cherry  laurel,  with  water,  a  Yola* 
lie  proouct  comes  over,  consisting  of  a  mixture  of  the  hydruret  of  benzule, 
iT  benzoic  acid,  of  gum  benzoin,  and  cyanhydric  acid.  In  order  to  extri- 
ate  the  hydruret  from  this  mixture,  a  second  distillation  is  requisite,  with 
he  previous  addition  of  chloride  of  iron,  hydrate  of  lime,  and  sufficient  water 
O  liquefy  the  whole.  Under  these  circumstances,  the  oil  may  be  distilled, 
ipanied  by  water,  which  may  be  separated  by  the  usual  means,  and 

_,_  juent  agitation  with  chloride  of  calcium. 

5191.  Properties, — This  hydruret  is  colourless  and  transparent,  refract- 
iog  %ht  strongly,  being  endowed  with  a  strong  odour  like  that  of  cyanhy* 
line  wd,  and  a  hot  taste.  Its  specific  gravity  is  1.043;  its  boiling  point 
a09**  It  is  soluble  in  thirty  parts  of  water,  and  in  alcohol  in  proportion. 
be  rmpoar  may  be  transmitted  through  a  red-hot  tube  without  decompoei- 
iOB«  It  bums  with  a  white,  though  smoky  flame.  By  absorbing  two 
Mtti  of  atmospheric  oxygen,  one  to  unite  with  an  atom  of  hydrogen,  the 
BCber  to  take  its  place,  this  hydruret  is  converted  into  benxoic  acid    Seb-. 
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jected,  at  a  high  temperature  in  close  vessels,  to  hydrate  of  potash,  it  fam 
a  benzoatc  of  that  base  by  absorbing  the  oxygen,  and  liberating  the  bjAo* 
gen  of  an  atom  of  water. 

5122.  The  hydruret  ofbenzule  undergoes  no  change  by  being  in 
with  aqueous  solutions  of  caustic  alkalies  or  earths,  but,  while  thus 
a  few  drops  of  cyanhydric  acid  will  enable  crystals  of  benzdn  to  be, 
rated. 

5123.  By  contact  with  chlorine  or  bromine,  the  hydruret  of  benoiiB  ii 
converted  into  chloride  or  bromide,  its  hydrogen  being  simultaneously  eoo- 
verted  into  chlorohydric  or  bromohydric  acid,  by  uniting  with  one  or  the 
other  of  those  elements. 

5124.  An  iodide  of  benzule  can  be  obtained  by  the  reaction  of  tbeckkh 
ride  of  this  compound  radical  with  the  iodide  of  potassium;  in  like  muvr 
a  sulphide,  by  the  distillatory  reaction  of  a  chloride  with  the  sulphide  of 
lead ;  and  a  cyanide,  by  substituting  a  cyanide  of  mercury  and  resortingH 
the  same  means. 

Cfthe  Amiduret  of  Benzule  or  Benxamidey  BZ  NH". 

6125.  From  the  preceding  formula  it  must  be  evident  that  the  ooai^ioad, 
of  which  the  name  is  above  given,  consists  of  benzule,  and  the  compoari 
radical,  amide. 

6126.  This  amiduret  arises  from  the  reaction  of  the  chlorides  of  the  MM 
radical  with  dry  ammonia.  It  is  likewise  evolved  by  the  reaction  of  ii^ 
puric  acid  with  the  peroxide  of  lead. 

5127.  Amiduret  of  benzule  crystallizes  in  right  rhomboidal  pearly  [ 
or  tables.  A  hot  concentrated  solution  by  refrigeration,  yields  a  soft 
of  very  fine  crystalline  needles,  which  arc  gradually  transformed  into  brand 
colourless  laminoe.  These  crystals  melt  at  239^  into  a  colourle«  \kpott 
and  at  higher  temperatures  arc  susceptible  of  forming  an  inflamiiiablt  i» 
pour.    They  are  soluble  either  in  water,  alcohol,  or  ether. 

5129.  Water  being  present,  alkalies  or  acids  resolve  this  amiduift  Oi^o 
ammonia  and  benzoic  acid.  On  beinfi:  heated  with  anhydrous  barvla,  a 
benzoate  of  this  base  is  produced,  with  a  disennjagement  of  ammonia,  much 
heat,  and  the  volatile  oil  called  benzole.  Similarly  treated  with  potassium, 
a  cyanide  of  this  metal  results,  with  the  evolution  i^fan  oleaginous  apamatic 
liquid  of  a  slightly  sweet  taste.  The  hydruret  of  benzule  unites  also  w:th 
anhydrous  formic  acid,  g(.^nerating  a  compound  arid  called  tormobcnzolic 
acid ;  also  with  benzoic  acid,  forming  what  is  by  Liebig  termed  a  bcnzoa* 
of  the  hydruret  of  benzule. 

Of  Rcssins. 

5129.  Resin  is  now  the  generic  name  of  a  class  of  bo- 
dies, of  which  common  resin  or  rosin  is  an  exempHficatioD, 
having  had  its  name  extended  to  the  class  in  consequence 
of  their  analogy  with  it.  On  this  account,  English  writers 
have  latterly  used  the  word  resin,  generally  employing  the 
word  rosin  as  the  name  for  the  substance  which  formerir 
was  designated  either  as  resin  or  rosin.  In  pharmacy,  rosin 
is  also  known  as  colophony  or  colophoniuui ;  especially  oa 
the  continent  of  Europe. 
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5130.  Resins  are  found  in  vegetables  and  in  the  fossil 
itate^  as  in  the  instance  of  amber  and  asphaltum ;  but  in 
^very  case,  are  considered  as  haying  been  originally  the 
nroducts  of  yegetation. 

5131.  In  vegetables,  resins  exist  more  or  less  in  combi- 
Mtion  with  essential  oils ;  and  I  believe  them  to  be  gene- 
nUy  produced  by  the  reaction  of  such  oils  with  oxygen. 
it  has  been  mentioned  that,  when  distilled  per  se,  almost 
ivery  volatile  oil  is  liable  to  be  partially  convert^  into  a 
•esiiioQs  substance,  which  does  not  come  over.  It  is  also 
rue,  that  any  resin,  exposed  to  destructive  distillation,  gives 
iae  to  more  or  less  pyrogene  oils  of  the  volatile  kind,  as 
veil  as  carburetted  hydrogen,  and  carbonaceous  deposi- 
ions,  and  residues. 

5132.  In  many  cases,  as  in  that  of  the  turpentine  of 
XMnmerce,  the  compound  formed  by  the  resin  and  the 
rolatile  oil  with  which  it  is  naturally  associated,  is  suffi- 
aently  liquid  to  flow  from  incisions  made  through  the 
ittric  and  sap  wood.  It  is  thus  that  the  copious  supply  of 
urpentine  found  in  commerce,  is  obtained  from  the  long- 
eaved  pine  of  the  Carolinas. 

5133.  Another  portion  of  resinous  matter,  expelled  by 
ire,  forms  the  tar  of  commerce.  This  contains  some  re- 
na^able  volatile  compounds  generated  by  heat,  called 
xiraffine,  eupion,  and  kreosote.  The  former  is  a  concrete 
III,  the  others  liquid.  Tar  also  contains  acetic  acid  in 
XMnbination  with  the  several  peculiar  resins,  called  pyre^ 
^ene^  or  pyrogene  resins,  by  Berzelius. 

5134.  As  the  expulsion  of  resinous  matter  by  the  tar- 
prodocing  process  destroys  the  peculiar  properties  of  re- 
lins,  I  believe  it  is  not  resorted  to  in  obtainmg  resins  in 
>ther  cases.  More  valuable  resins,  which  do  not  sponta- 
leously  exude,  are  generally  extracted  by  digesting  the 
vegetable  product  containing  them  in  alcohol.  From  the 
ilooholic  solution,  when  it  takes  up  other  substances,  the 

is  precipitated  by  water.* 


celebrated  varniflh  of  the  island  of  Japan  exndea  from  the  rhus  remix, 
ie  tmong  the  forest  trees  of  the  United  States,  being  notorious  for  its  poison- 
'    ince  on  some  persons,  while  to  others  comparatively  harmless.    The  active 
to  which  its  poisoning  power  is  dae,  would  be  a  worthy  object  of  investi^- 
Ijr  aay  one  not  susceptible  of  the  injurious  effects  alluded  to.    In  the  art  of  la- 
■BBiBff  in  this  country  and  in  Europe,  other  substances  are  made  to  imitate  tne 
flMtof  Um  r«al  Japan  varnish,  named  from  the  coontiy  in  which  it  b  employed. 
57 
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5135.  Resins  are  all  iasoluble  in  water,  and  forlbe  tbort 
part,  directly  or  indirectly,  soluble  in  alcohol,  and  in  vali- 
tile  and  fixed  oils.  Tliey  cannot,  like  volatile  oils,  bo  db- 
tiUed  with  the  aid  of  water.  When  subjected,  pur  se,  to 
the  distillatory  process,  they  are  decomposed,  as  tbon 
mentioned,  into  carburetted  hydrogen,  carbon,  |KCuliar  re- 
sins, and  volatile  oils,  some  acids,  and  more  ur  less  car- 
bon partly  in  the  state  of  lamp-btack,  partly  in  union  vith 
the  other  products,  whence  their  dark  or  black  colour. 

5136.  In  few  instances  do  resins  assume  a  cryslalfcw 
form.  They  are  brittle  when  pure,  and  generally  iraulB- 
cent,  rarely  colourless,  having,  commonly,  various  huvsof 
yellow  or  brown,  but  sometimes  green  or  red.  There  is  « 
great  resemblance  in  properties  between  resios  and  con- 
crete oils,  such  as  suet,  tallow,  spermaceti. 

5137.  Resins  are  distinguislied  by  a  greater  hardoesf 
and  tenacity,  and  in  being  sticky  to  the  touch  ioHlcad  of 
being  greasy.  Hence  rosin  serves  to  create  the  necessaiy 
attrition  between  the  hair  of  the  bow  and  ilic  stringi « 
the  violin,  which  is  an  effect  the  opposite  ol'tiiat  forwhidi 
oil  is  used  in  machinery.  In  this,  as  well  as  in  other  re* 
spects,  wax  approaches  the  resins  in  character  moro  Uiu 
any  other  concrete  fixed  oil.  But  this  adhesiveoen  ii 
much  increased  by  heat,  so  that  at  ordinary  IcmperatmB 
copal,  amber,  and  many  other  resins,  are  not  sticky.  Jo 
consistency  resins  much  resemble  gums,  but  are  dislm- 
guiahed  from  them  by  insolubility  in  water,  and  solabihty 
m  6xed  and  volatile  oils,  and  generally  in  alcohd  uil 
ether. 

5138.  Some  resins  resemble  fixed  oils,  in  containingtw 
8ubstances,of  which  one  is  more  soluble,  the  other  leflMH 
luble  in  alcohol.  This  characteristic  is,  in  some  instusA 
displayed  in  their  habitudes  with  some  essential  oils.  >»■ 
sin,  for  instance,  is  said  to  be  only  partially  solubll  ■ 
naphtha. 

5139.  Resins,  also,  arc  susceptible  of  saponification,  «> 
far  as  to  combine  with  alkaline  and  other  bases  foniu>( 
salts,  in  which  the  base,  being  imperfectly  neutralized,  pen- 
sesses  the  detersive  power.  It  is  well  known  that  rosi 
is  a  constituent  of  common  brown  soap,  yet,  according  It 
Urc,  it  cannot  enter  into  it  advantageously  beyond  ikf 

Eroportion  of  a  third.     There  is  this  important  differcDCft 
owever,  in  the  phenomena  of  the  reaction  of  fixed  oiii 
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bases,  and  that  of  resins,  that  there  is  do  base  to  be 
lied  analogous  to  the  oxide  of  glyceryl. 

40.  Concentrated  nitric  acid  and  resins  react,  in  some 
s,  with  an  explosive  ignition.    According  to  Berzelius, 

dissolve  in  concentrated  sul[^uric  acid,  when  coldj 
3ut  decomposition,  although  virhen  hot  reciprocal  de- 
x)sition  ensues.    I  have  ascertained  that  sulphuric 

forms,  either  with  oil  of  sassafras,  or  with  oil  of 
^s,  resins,  by  which  it  is  coloured  to  a  miraculous  de- 

since  a  six-millionth  part  suffices  to  create  a  rosy 
I.  A  similar  effect,  in  an  inferior  decree,  ensues  from 
presence  of  oil  of  cloves.  To  the  resms  thus  produced, 
re  given  the  names  of  sassarubrin  and  cinnarubrin. 
iieve  in  any  case  it  will  be  found,  that  more  or  less 

is  produced  by  the  reaction  of  concentrated  sulphuric 

with  essential  oils.  In  fact,  such  oils,  to  a  certain 
It,  act  as  bases  to  this  acid,  diminishing  the  sourness 
diluted  solution,  and  when  such  a  solution  is  saturated 
ammonia,  a  resin  formed  from  the  oil  separates. 

41.  Resins  are  soluble  without  alteration,  either  in 
c  or  chlorohydric  acid.* 

42.  Prof.  F.  W.  Johnson  has  proposed  to  represent 
^sins  by  two  general  formulae,  either  of  which  contains 

ippeara  from  Unverderben*!  laboriout  inTestigationt,  that  by  the  yarioiia  uae 

or  hot  alcohol  or  ether,  resins,  as  thej  are  foand  in  nature,  may  be  reeolTed 
rious  subntances,  differing  from  each  other  as  respects  readiness  to  combine 
ises;  so  that  he  has  classed  them  as  resins  strongly  electro-negatiye,  mode> 
ilectro-negative,  feebly  electro-negative,  and  indi&rent  This  author  founds 
rersity  of  dc!*ignation,  on  their  greater  or  less  disposition  to  combine  with 
tia,  carbonate  of  soda,  or  caustic  alkaline  solutions. 

leabl?  to  Johnson's  Report  to  the  British  Association,  for  1832,  fiocbner  and 
get  had  described  some  resins  as  haying  weak  basic  properties.     Resins  ex- 

from  jalap  and  euphorbium  had  each  been  found  a  compound  of  two  resins 
B  acid,  the  other  a  weak  base:  also  all  drastic  gum  resins  were  considered  by 
hemists  as  similarly  compounded. 

well  known  that  all  resins  are  electrics,  and  by  friction  become  negatiyely 
ied. 

»rding  to  the  author  lost  mentioned,  sandarach  is  a  mixture  of  three  resins ; 
f  five;  benzoin  of  three;  guiac  of  two;  and  lac  and  colophony  of  sereral. 
in  rosin  or  colophony  is  subjected  to  cold  alcohol,  of  the  density  of  867°,  one 

dissolyes,  called  alpha  resin  or  pinic  acid;  while  another  remams,  called  beta 
r  sylyic  aeid.  By  exposing  pinic  acid  to  distillation,  another  acid  is  generated 
mopholic.  A^m,  the  solution  of  pinic  acid  may  be  decomposed  by  acetate 
mr,  of  which  Uie  oxide  precipitates  with  the  acid,  leaving  an  indifferent  resin 
lion. 

white  rosin,  from  the  pinus  maritina,  consists  of  an  acid,  orystallizable  resin, 
pimmrie  acid.  Distilled  in  yacuo,  pimaric  acid  giyes  rise  to  another,  called 
wic  acid.    Boiled  with  nitric  acid,  pimaric  yields  azomanc  acid.     But  there  is 

to  Uie  Tariety  of  compounds  resulting  ftoin  subjecting  reeins  to  heat  and  ya> 
bIt^dIs.  It  may  be  ot  some  practical  importance  to  know,  that  resins  are  not 
MMOBs  substances,  and  that  even  the  rosin  of  different  trees  may  contain  dif- 
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forty  atoms  of  carbon,  while  one  holds  from  sixty  to  sii^r- 
eight  atoms  of  hydrogen,  with  from  one  to  twenty  of  oif- 
gen;  the  other,  forty  to  fifty-four  of  hydrogen  with  bm 
seyen  to  fourteen  atoms  of  oxygen. 

5143.  He  infers,  that  the  resin  of  scammony,C**IPCF, 
extracted  from  crude  scammony  by  alcohol,  contaiii  the 
largest  quantity  of  oxygen  of  any  resin  hitherto  anabfed; 
and  that  the  resin  of  jalap,  obtained  by  evaporating  ttt  al- 
coholic extract,  and  subsequent  boiling  in  water,  of  wkkh 
the  formula  is  C^  H^  O^  is,  as  respects  the  qu&ntilj  of 
contained  oxygen,  surpassed  only  by  scammony. 

5144.  Agreeably  to  the  same  author,  there  is  a  striki^ 
relatiod  between  the  formulae  of  the  resins  of  ammoniM 
and  asafoetida,  the  former  being  O^  H^  O^,  the  latter,  C* 
H"  O*^  as  if  the  one  were  merely  a  hydrate  of  the  otber. 

5145.  Berzelius  considers  our  knowledge  of  the  cooip^ 
sition  of  resins  as  yet  too  imperfect  to  justify  us  in  piacof 
much  confidence  in  these  suggestions  of  Johnson  as  to  the 
grouping  of  all  resins  under  two  formulae  as  above  bmb- 
tioned.    Report  for  1841,  171. 

5146.  The  following  list  of  the  more  important  resinsof 
commerce,  with  their  formula),  is  taken  from  Kane*8  Ele- 
ments, p.  969. 


Anime  Resin 
Elemi  Resin 
Fossil  Copal 
B.*  Mastic  Resin 
Antiar  Resin 
B.  Copal  Resin 
Birch  Rosin 
A.  Mastic  Resin 
Copniva  Resin 

A.  Elemi  Resin 

B.  Olibanuin  Resin 

C.  Sandnrach 
Ammoniac  Resin 
B.  Asafcetida 
Guiacum 
Bdellium  Resin 
A.  Sandaracli 


I  C«>H"0 


C40fJ32O 

C*"I  P'^O^ 
C40IpiQ3 

(j40f|3J03 
C40H3I0* 

C*"IP»0* 

C^OJ  130(^0 

C*"H"Oo 

c*"ir*«c)» 

Os|Ja3()in 

C40JIS105 


B.  Sandarach 
A.  Euphorbium 
Asphalteno 
A.  Olibanum 
Labdaiuim 
Pasto  Rosin 
Sai;a|)oiiuni 

Scainmonv 

Jalap  Resin 

(lalhaninn 

J)rai:jon's  Blood 

( iamhojTo 

A.  Asaln'tida 

Acaruid  Rosin 

Opoponnx 

n.  Bonzoin  Rosin 

A.  Bonzoin  R<\sin 


C*-H»«» 


c**H"a» 
crH"cr 

C**H-V 
C^lW" 

C^'H-O' 


0/  Wax. 

5147.  This  word  is  ffenerallv  used  to  desiixnate  the  sulh 
stance  of  which  bees  make  their  honcvconib;  more  accu- 

*  Where  a  native  resin  has  been  soparatcd  into  two,  by  solvents,  the  Icttrn  A  tM 
B  are  uaed  to  distinguish  one  from  the  otlicr. 
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3ly  caDed  bees-wax.  Other  kinds  of  wax  are  found  to 
n  the  pollen  of  flowers,  the  varnish  on  the  upper  sur- 
&s  of  the  leaves  of  certain  trees,  and  the  skins  of  certain 
DC  firuit ;  also  to  be  yielded  by  the  cabbage,  and  in  a 
^  proportion  by  the  berries  of  several  species  of  the 
rtle,  myrica  angustifolia,  latifolia,  and  cerifera. 
1 148.  Formerly  bees- wax  was  supposed  to  arise  from 
pollen  of  flowers  swallowed  and  excreted  by  bees;  but 
las  been  proven  that  the  wax  of  bees  is  secreted  by  an 
^n  situated  on  the  sides  of  the  medial  line  of  the  abdo- 
D  of  the  insect.  On  raising  tlie  lower  segments  of  the 
lomen  these  sacs  were  observed;  also  the  scales,  or 
jigles  of  wax  arranged  in  pairs  upon  each  segment. 
•  Huber  ascertained  that  bees,  while  prevented  from 
Dg  abroad  in  quest  of  food,  and  fed  solely  on  sugar, 
re  capable  of  generating  wax. 

>149.  These  conclusions  have  been  strengthened  by  the 
t,  that  myrtle  wax  yields,  by  saponification,  stearic, 
rgaric,  and  oleic  acids,  and  glycerine,  like  a  true  fat. 
Lie,  when  subjected  to  the  same  reagents,  bees-wax  is 
lable  only  of  a  partial  saponification,  yielding  in  lieu. of 
T  congener,  of  ethal,  or  of  the  sweet  principle  of  oils,  a 
stance  called  cerain,  which  diflfers  neither  in  compost- 
n  nor  properties  from  that  portion  of  wax  which  is  mso- 
le  in  boiling  alcohol. 

^50.  This  portion  has  been  called  myricine,  while  the 
lion  dissolved  in  the  hot  alcohol  is  called  cerine.  It  is 
ine  only,  that  is  capable  even  of  the  partial  saponifica- 
D  to  which  allusion  has  been  made.  As  respects  this 
juration  into  cerine,  and  myricine,  by  boiling  alcohol, 
i9-wax  resembles  a  fat,  consisting  of  stearine  and  mar- 
-ine,  while  devoid  of  oleine;  but  in  its  chemical  constitu- 
1  and  habitudes,  with  bases,  it  resembles  the  resins. 
u  is  also  destitute  of  the  greasiness  or  slipperiness  of 
^  tending,  when  interposed  between  surfaces,  to  impede 
lir  sliding,  rather  than  to  facilitate  it  like  an  oil.  Upon 
\  whole  I  consider  bees-wax  as  a  substance  intermediate 
tween  a  concrete  fixed  oil  and  a  resin. 
5151.  The  yellow  wax  of  commerce  is  obtained  by  fii- 
^  and  washing,  the  crude  wax  of  the  comb  with  boiling 
ler*  Yellow  wax  is  converted  into  white  wax  by  causing 
O  form  thin  ribbons  by  flowing  while  melted  upon  a  re- 
nog  wooden  cylinder,  half  immersed  in  water,  and  sub- 


448  ORGANIC  CHBinSTRT. 

sequently  exposing  these  ribbons  to  the  solar  light  and  the 
air,  as  in  the  old  process  for  bleaching  linen.  The  wai  of 
the  honeycomb,  before  being  supplied  with  honey,  ia  wUla 
5152.  Pure  white  wax  is  of  the  specific  gravity  960, 9tti 
It  is  insipid  and  inodorous,  insoluble  in  water,  partiaUy » 
luble  in  boiling  alcohol,  and  perfectly  soluble  m  enentH 
or  fixed  oils.  It  fuses  at  about  154°.  Its  general  ohb  are 
too  well  known  to  need  description.  Not  being  oiudi  act 
ed  on  by  acids,  it  is  used  to  defend  corks,  and  as 
or  lute,  for  chemical  apparatus.* 

Of  Caoutchouc  or  Gum  EUuticj  and  Caoutchaueine* 

5153.  Caoutchouc  exudes,  in  the  state  of  an  emulsion,  from  ii 
made  in  certain  trees,  and  congeals  in  the  form  of  the  mould  upon  wliicklj 
may  be  received.     Like  essential  oils,  devoid  of  oxygen,  it  cqdsiiIs  cmlji 
carbon  and  hydrogen,  C  H'.     As  respects  its  chemical  habitudes,  it  mM 
be  considered  as  a  resin,  were  it  not  for  its  wonderful  and  peculiar  ehil^ 
city,  and  the  mechanico-chcmical  property  of  allowing  gases  to  gctthitN^j 
its  pores  with  a  celerity  not  corresponding  with  the  minuteness  of  tnl 
atomic  weights.     In  its  native  state,  instead  of  being  held  in  solution  at  i^i 
sins  are  usually,  by  an  essential  oil,  it  is  merely  suspended  in  water,  nhtf*! 
ter  and  caseine  are  in  milk.     Farnday  found  in  a  portion  of  caoudKHCj 
milk  which  he  examined,  the  following  ingredients : — 

Brown  bitter  azotized  matter,  soluble  in  alcohol  and  water,  and 
precipitable  by  nitrate  of  lead,  ... 

Vegetable  albumen,  -  -  .  -  . 

Substance  soluble  in  water,  insolublo  in  alcohol, 
Water  holding  a  small  quantity  of  free  acid, 
Caoutchouc,  .-.--. 

5154.  Pure  caoutchouc,  carofiilly  prepared  from  the  native  cmuUioo.  ip 
of  the  density  of  .925,  being  transparent  and  colourless,  and,  ^hen  in  nii*» 
yellowish  white. 

5155.  It  is  utterly  insoluble  in  water  or  alcohol,  but  soluble  in  pure^r 
(oxide  of  ethyl),  and  likewise  generally  in  pure  essential  oils,  especaSyo'^ 

•  Of  Cerosie. — Mr.  Avpqnin  has  examined  the  wax  which  cover*  the  fnjitn'*'  | 
and  the  lower  part  of  the  leaves  by  whicli  it  is  snrroundeil.  It  may  l>e  tibuitf^kf 
•crapincr  the  surfaces  covered  with  it.  In  the  vioh't  variety  of  the  plant  in  qufito* 
this  wax  is  so  abundant,  that  it  is  interred  hy  Mr.  Avc(]uin  that  it  niii;Mt  he  profivM 
collected  for  the  purpose  of  makintr  candles.  The  scrapiuirs  are  diffitled  in  coidv 
cohol  to  remove  imi>urities.  Afterwards  they  are  dis.iulvrd  in  boihnir  aIcQht.il.  T^ 
solvent  bcini;  removed  bv  distillation,  the  wax  is  is(>l:itod. 

This  wax  is  slij^htly  yellow,  hard,  brittle,  easily  reducible  to  p«>wder  of  i  bcifl 
white,  fuses  at  ]7(r ,  and  burns  like  ordinary  wax  or  spcrmacfti.  It  is  less  «olaK«9 
ether  than  alcohol.  From  boiling  solutions  in  either  solvent,  it  «ejMrate*  ia  psi4 
needle-shaped  crystals  by  refrij^eration.  Mr.  Avequin  proixmes  for  this  wai  ^ 
name  ceroaie.  from  the  Greek  ceres,  wax.  The  formula  of  tliit  wax  is,  arconhsf^ 
analyaii  by  Dumas,  C^  H'O  0>. 
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fns,  cajeput,  and  turpentiDe.  It  does  not,  however,  readily  liquefy, 
t,  abaorbiDg  many  times  its  bulk  of  the  solvent,  may  be  liquefied  after* 
irds  by  rubbing  through  a  sieve.  It  is,  perhaps,  even  more  soluble  in  the 
Togene  oils,  such  as  naphtha,  whether  native  or  as  obtained  from  coal, 
id  in  the  peculiarly  volatile  oil,  called  caoutchoucine,  which  it  yields  itself 
r  dertmctive  distillation,  and  repeated  subsequent  rectifications.  It  haa 
en  meotioned,  that  this  oil  was  lighter  than  any  analogous  native  product* 
is,  ID  fact,  lighter  and  more  volatile  than  common  ether,  its  density  being 
ily  670,  and  for  its  boiling  point  90°.  From  none  of  the  volatile  oils,  not 
ren  caoutchoucine,  have  I  recovered  caoutchouc,  without  more  or  less  de- 
lioration.  This  may  be  presumed  to  arise  from  a  minute  quantity  of  re- 
nous  matter  formed  at  the  expense  of  the  solvent  which  remains  with  the 
loutchouc  I  have  found  a  great  diversity  in  the  solubility  of  caoutchouc 
either  in  caoutchoucine,  nor  in  ether,  have  I  found  the  ordinary  bag  caout- 
louc  to  dissolve  readily.  It  sofiens  and  swells  up,  but  does  not  liquefy. 
tit  a  large  lump  of  massive  caoutchouc,  sent  to  me  from  Liondon  by  Mr. 
^aderby,  was  readily  liquefied  either  by  the  one  or  the  other  of  the  last 
ientiooed  solvents,  and  by  the  ether  was  deposited  in  a  perfect  state.  I 
Bve  not  learned  the  source  of  the  more  soluble  caoutchouc  thus  alluded  to, 
or  have  I  met  with  any  notice  respecting  this  difierenoe  of  solubility. 
Woutcbouc  burns  with  an  excessively  fuliginous  flame  in  atmospheric  air, 
kit  in  oxygen  gives  an  intense  light  by  the  oxidation  of  the  carbon  forming 
ie  smoke  (645).  When  fused,  per  se,  it  is  converted  into  a  tarry  matter, 
iuch  does  not  indurate  by  drying.  This  tar  may  be  ignited  by  nitroao- 
hricacid. 

5156.  Dr.  Mitchell  ascertained  that  caoutchouc  bags,  af^r  soaking  in  a 
lixture  of  ether  and  alcohol  of  the  specific  gravity  of  from  760°  to  780®, 
r  the  usual  oflicinal  strength,  may  be  inflated  with  air,  and  the  material  of 
^hich  they  consist  consequently  extended  to  various  degrees  of  tenuity,  ac- 
ording  to  the  peculiar  character  of  the  variety  subjected  to  trial.     Hence 

may  be  used  to  make  balloons,  gas  bags,  or  sheet  gum  elastic,  which  is 
cry  useful  for  fillets,  with  which  to  make  air-tight  junctures  or  lutings. 
There  is  no  better  mode  of  joining  a  tube  to  the  tubulure  of  a  retort,  or  re- 
eiver,  than  by  tying  about  the  tubulure  the  body  of  a  small  caoutchouc 
«g,  while  the  tube  is  inserted  into  the  neck,  and  carefully  secured  by  a 
gature.  Fused  caoutchouc  is  useful  in  some  cases  as  a  lute.  It  will  not, 
owever,  resist  fuming  nitroso- nitric  acid. 

5157.  Dr.  Mitchell  has  made  some  very  interesting  observations  respect- 
ig  the  power  of  gases  to  pass  through  thin  membranes  of  caoutchouc. 
Ijr  8ome  inconceivable  process,  gases,  which  are  all  prone,  in  a  greater  or 
IH  degree,  to  reciprocal  intermixture,  will  effect  this  result,  notwithstand- 
Ig  the  interposition  of  caoutchouc,  and  the  opponent  influence  of  great 


6166.  When  a  vessel  filled  with  atmospheric  air,  and  having  the  mouth 
loaed  by  a  caoutchouc  membrane,  was  introduced  into  a  vessel  of  hydro- 
jeOf  this  gas  made  its  way  into  the  vessel,  until  the  membrane  burst  out- 
rands;  but  when  the  vessel,  while  similarly  closed  by  the  membrane,  and 
eplete  with  hydrogen,  was  exposed  to  common  air,  the  hydrogen  escaped 
■til  the  membrane  burst  inwards.  A  tube,  with  a  trumpet-shaped  mouth, 
bent  so  as  to  form  a  syphon,  and  the  larger  orifice  closed  by  the  mem- 
while  full  of  atmospheric  air,  a  suitable  quantity  of  mercury  was 
iured  into  the  syphon,  until  it  stood  in  both  legs  at  the  same  height.  Un- 
sr  tbeae  circumstances,  when  the  membrane  waa  brought  into  contact  sue- 
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oeasively  with  difierent  gases,  they  were  found  to  enter  wilh  inrioui 
of  celerity,  as  will  appear  from  the  following  statement : — 


Ammoniacal  gas 

Sulphydric  acid 

Cyanogen 

Carbonic  acid 

Protoxide  of  nitrogen 

Arseniuretted  hydrogen 

Olefmnt  gas 

Hydrogen 

Oxygen 

Carbonic  oxide 

Nitrogen 


1 

u 

28 
0     d7i 


0 
0 
0 
0 
0 
0 
0 


I 
2 
3 


18 
40 
15 


instances  to  enter  until  tha 


5150.  The  gases  continued  in  some 
in  the  longer  leg  rose  to  the  height  of  sixty  inches. 

5160.  it  is  quite  surprising  that  the  atoms  of  ammonia  ahoaid 
through  the  membrane  with  greater  celerity  than  those  of  hydfogei, 
each  of  the  former  consists  of  three  of  the  last  mentioned  gat,  nnilsi 
one  atom  of  nitrogen.     Also  that  two  atoms  of  oxygen,  while 
with  an  atom  of  carbon,  should  permeate  the  membrane  more 
an  isolated  atom  of  oxygen. 

5161.  It  also  appears  from  experiments  made  by  Dr.  Mitchell, 
peated  by  myself,  that  caoutchouc  is  probably  more  highly  suaoe 
electric  excitement,  than  any  other  organized  body;  and  probably  ki 
equal  in  excitability  to  any  inorganic  substance. 

Of  Balsams. 

5162.  The  word  balsam  has  been  used  to  designate  oa* 
tive  solutions  of  resinous  matter  in  essential  oils,  which, 
like  the  turpentine  of  commerce,  exude  spontaneoitflj  fro© 
trees  or  shrubs. 

5163.  Among  these,  however,  there  are  some  distin- 
guished by  the  presence  of  benzoic  or  cinnamic  acid,  of 
both.  It  is  to  the  balsam  of  Peru  and  Tolu  that  this  re- 
mark apphes  particularly  (3()()()).  Styrax  has  also  bem 
alleged  to  contain  a  minute  proportion  of  l>onzoic  acidf 
but  is  not  included  amonjr  balsams  by  Soubieran,  and  by 
this  author  the  corresponding  French  word  haumeiseiD* 
ployed  to  designate  artificial  comjK)unds  of  resins  withan 
acid  and  volatile  oil. 

5161.  According  to  Fremy,  balsam  of  Peru  consists  of 
resinous  matter,  of  cinnamic  acid,  a  liquid  essential  oili 
called  cinnameine,  and  a  crystallizable  oil  supposed  tob 
a  hydrate  of  cinnamyle  (3058),  called  metacinnamcine. 

5165.  Balsam  of  Tolu  consists  of  resin,  cinnameiD^ 
cinnamic  acid,  and,  perhaps,  mctacinnameine. 
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5166*  Balsam  of  copaiva,  or  copaiva  balsam,  consists 
of  a  volatile  oil,  and  two  resins  without  any  acid. 

5167.  But  agreeably  to  the  investigations  of  Deville, 
benzoic  acid  also  exists  in  the  two  first  mentioned  balsams, 
and  when  the  balsam  of  Tolu  is  distilled,  per  se  over  a 
naked  fire,  a  volatile  oil,  and  likewise  benzoic  ether,  are 
obtained.  It  is  suggested  that  the  resin  of  the  balsam  is 
an  oxide  of  this  ether. 

5168.  It  appears  that,  by  reaction  with  caustic  potash, 
cinnameine  is  resolved  into  cinnamic  and  benzoic  acid 
in  union  with  the  alkali :  an  oily  substance,  little  soluble 
in  water,  called  pcruvine,  being  simultaneously  evolved. 
There  is  some  analogy  between  this  process,  with  its  r^r 
suits,  and  those  of  saponification. 

5169.  By  some  authors  the  word  balsam  is  restricted 
to  resiniferous  liquids  containing  benzoic  acid.  It  might 
be  more  reasonable  to  consider  an  acid  of  some  kind  as 
requisite,  yet  it  is  evident  that  ordinary  acceptation  does 
not  justify  the  idea  that  the  presence  of  an  acid  is  neces- 
sary. 

Of  Guin^resins. 

5170.  This  name  is  applied  to  a  class  of  vegetable  sub- 
stances, which  consist  of  a  mixture  of  resin,  gum,  essential 
oil,  and  extractive  matter.  Opium^  aloes^  ammoniac^  <ua- 
faiidoj  euphorbiunij  galbanum^  gamboge^  myrrhy  and  8camr 
many  come  under  this  head. 

5171.  As  the  resin  and  essential  oil  require  alcohol,  the 
gum  and  extractive  matter  water,  for  solution,  proof  spirit 
IS  the  best  solvent  of  the  gum-resins. 

Of  Opium. 

5172.  This  complex  substance  contains  the  following 
proximate  principles ; — 

1.  Morphia,  in  the  state  of  neutral  sulphate,  and  super- 
neconate. 

2.  Paramorphia. 

3.  Pseudomorphia. 

4»  Codeia,  in  the  state  of  supermeconate. 
&  Narcotina. 

6.  Narceia. 

7.  Meconin. 

8.  Meconic  acid,  partly  combined  with  bases. 
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9.  Ulmin. 

10.  A  peculiar  resin. 

11.  A  fatty  oil. 

12.  Caoutchouc. 

13.  Gum. 

14.  Bassorin. 

15.  Lignin. 

16.  The  sulphate  of  potash,  lime,  and  magnesia. 

5173.  Of  these  substances,  morphia^  paramarphia^  ^ 
morphia^  codeia^  narcotina  and  narceia  are  ranked  as  itf^ 
table  alkalies,  all  having  the  power  of  neutralizing  acNk 
Meconin  is  an  indifferent  or  neutral  subtance,  which  im 
announced  to  exist  in  opium  in  1832,  by  M.  Couerbe,  bat 
which  is  found  to  be  identical  with  the  crystallizable  princh 
pie  of  M.  Dublanc,  jun.,  discovered  several  years  oefoi^ 
Paramorphiaj  pseudomorphia^  narceia^  and  meconin^  exist  ■ 
opium  in  very  small  amount.  For  a  method  of  detectiig 
opium,  see  meconic  acid  (5265). 

Of  Bitumen^  Petroleum^  Naphtha^  Amber^  and  Mineni 

Coal. 

5174.  There  is  in  nature  a  gradation  of  substanceSi 
apparently  arising  from  the  wreck  of  a  former  world,  from 
naphtha,  which  is  highly  volatile,  to  anthracite,  which  is 
extremely  insusceptible  of  the  aeriform  state.  PossiW^ 
the  diamond  may  be  considered  as  terminating  the  series; 
as  it  has  been  suggested  to  result  from  the  dccompositioQ 
of  vegetable  matter. 

5175.  Bitumen,  in  a  concrete  state,  is  exemplified  by  asphalturo.  The 
coal  called  bituminous,  owes  to  the  presr-nce  ot'  l)i:uinen  its  capability  of 
caking,  and  yielding  carhuretted  hydrogrn  when  i;^nifrd.  l^itumen  is  found 
also  in  a  tarry  state;,  or  more  or  less  liijuid,  aceonling  to  the  qnantityof 
petroleum  with  which  it  may  be  unlt<il.  Caking  coal  may  he  coosidw 
as  a  compound  of  carlx^n  with  bitumen,  and  a  minute  porti-ui  of  silcx  uA 
iron,  and  sulphur:  anthracite,  as  consisting  of  the  same  ingredients,  aArii* 
luting  water  for  bitumen,  though  in  a  lessrr  proportion. 

5176.  Petroleum,  or  naphtha,  is  the  name  given  to  an  inflammable  l^ad 
which  rises  out  of  tiie  earth  like  spring  water,  so  that  scmie  wells  canooCbe 
freed  from  it.  The  name  of  naphtha  is  more  properly  given  to  a  vervvoli* 
tile  oil  which  may  be  obtained  from  jK^trolnim  by  cautious  ilisti Nation,  prpfia*" 
ably  with  watrT.  J^rsides  more  or  less  bitumen,  by  which  it  is  disc^^louredte 
a  greater  or  less  degree;  agreeably  to  tho  researches  of  IVIleiier  and  Walirr, 
p<»troleum  comprises  three  volatile  oils,  and  a  species  (»f  jwirafTin.  The 
names,  b<jiling  points,  and  formula?  of  the  oils,  an^  as  tnllows: — nnpbtboL 
C»*  H",  boils  at  384^ ;  naphthene,  C»«  H»«,  boils  at  239^ ;  naphtha,  C^  H*. 
boils  between  ISd""  and  104^. 
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51T7.  Napkiha  proper. — ^The  last  inentioDed  oil  may  be  considered  as 
Ibe  true  naphtha,  being  the  liquid  employed  for  the  preservation  of  the  me- 
tals of  the  alkalies.  It  much  resembles  oil  of  turpentine  in  properties  and 
composition.  Potassium,  of  which  the  specific  gravity  is  .865,  sinks  readily 
Sn  naphtha. 

5178.  During  the  destructive  distillation  of  bituminous  coal,  a  bituminous 
liquid,  called  coal  tar,  condenses,  from  which  an  artificial  naphtha  may  be 
tttiicated,  which  is  used  as  a  solvent  of  caoutchouc 

5170.  Seneca  Oil^  American  OiL — ^Under  these  faames  two  liquids  are 
to  be  met  with  in  commerce.    The  former  is  obtained  from  the  vicinity 

the  lake  afler  which  it  is  named;  the  latter  from  a  well  in  Kentucky, 
^lich  was  sunk  for  the  purpose  of  obtaining  spring  water.  Either  yield, 
ly  distillation  with  water,  more  or  less  naphtha,  and  contain  heavier  oils 
requiring  a  higher  heat  to  bring  them  over  by  distillation. 

6180.  Amber  is  a  singular  fossil,  which  is  supposed  to  owe  its  origin  to 
'^ggetaMe  matter.  It  is  distinguished  by  burning  with  a  peculiar  odour,  and 
^fMding,  when  subjected  to  distillation,  succinic  acid^  and  a  peculiar  essen- 
tfal  oiU  called  oil  of  amber,  which  resembles  crude  naphtha  in  smell  and 
other  properties.  The  acid  sublimes  into  the  neck  of  the  retort  in  crystals* 
JUnber  is  insoluble  both  in  water  and  alcohol.  Dr.  Kane  suggests  that  it 
aoMj  be  the  turpentine  of  an  extinct  species  of  tree,  belonging  to  a  former 
ggeological  epoch.    It  would  seem  rather  to  be  a  variety  of  copal^  which  it 

much  resembles  in  appearance  and  properties,  as  that  the  one  may  be 
for  the  other,  on  superficial  examination. 
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Cy  Adds  relatively  to  the  Proportions  of  Base  required /or 

their  Saturation. 

5181.  It  has  long  been  known,  that  certain  acids,  such 
for  instance  as  nitric,  or  chloric  acid,  cannot  be  isolated  so 
as  neither  to  be  in  unison  with  water,  nor  with  any  other 
oxide  acting  as  a  base.    Until  of  late,  however,  it  does  not 
aeem  to  have  been  perceived,  that  the  water  in  such  acids 
MBUSt  act  as  a  base.    Now  it  is  held,  that  wherever  water, 
^uiless  replaced  by  another  oxide,  cannot  be  expelled  from 
90  acid  without  a  decomposition  of  the  acid,  or  a  destruc- 
ticm  of  its  properties,  such  water,  while  combined  with 
the  acid,  must  be  considered  as  acting  as  a  base.    More- 
over, as  when  one  atom  of  water,  or  other  oxide,  is  found 
indiipensable  to  the  existence  of  an  acid,  that  one  atom 
has  been  considered  as  performing  a  basic  part,  so,  con- 
nstntly,  when  two  or  three  atoms  of  water  or  other  oxide 
mre  aacertained  to  be  no  less  necessary,  the  two  atoms,  or 
tkrm  atoms  of  water  or  other  oxide  thus  required,  are  con- 
adered  as  acting  as  bases.    Experience  has  shown  that  in 
this  way,  some  acids  require  one,  others  two,  and  others 
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three  atoms  of  base,  and  are  called  accordingly  mooola^ 
bibasic,  or  tribasic  acids. 

5182.  But,  it  may  be  inquired,  how  is  this  diversin^j 
the  acids  ascertained?  The  answer  is,  by  ascertainii^  5 
loss  of  weight  which  they  sustain,  on  combining  wilftj, 
base  to  saturation.  Of  course,  the  weight  of  Ibf  a 
formed  with  a  dry  base,  should  be  the  aggregate  we^JMxf 
that  base  and  the  anhydrous  acid.  This  inay  be  fooUia 
desiccating  the  resulting  salt.  The  difference  betweeitta 
weight  of  this  sahnc  aggregate,  and  that  of  tlie  sain  ofco 
weights  of  the  hydrated  acid  and  dry  base,  must  be  dr£» 
the  escape  of  basic  water. 

51S3.  Although  when  water,  which  can  be  replaco.3j 
another  base,  is  essential  to  the  existence  of  an  xk^ 
follows  that  it  must  be  considered  as  basic ;  the  stj^ 
ought  not  to  infer  that  it  cannot  act  as  a  base  to  <r> 
which  can  exist  without  it.  Both  sulphuric  and  pha=»4 
lie  acid  unite  with  water  as  a  base,  although  c^t-= 
of  existing  in  the  anhydrous  state.  This  prelimina  -^ 
planation  having  been  given,  it  is  hoped  that  thw»"j 
dent  will  be  prepared  to  understand  the  following  ^ft* 
ment,  respecting  the  three  classes  of  acids  abo«!  . 
tioncd. 

5184.  Acids,  as  respects  the  quantity  of  base  with  »! 
they  are  capable  of  combining,  may  be  divided  into  4 
classes.  Those  requiring  one  equivalent  of  base,  "Wl 
monobasic ;  those  requiring  two  equivalents,  called  bibastc;  I 
those  requiring  three  equivalents,  called  tribasic  acidil 
Water  acts  as  a  base  in  combining  with  any  acidofadwl 
class,  and  is  subject  to  the  same  laws  as  other  bases.       I 

5185.  The  compounds,  hitherto  called  hydraled  acjdl] 
are  in  combination  with  one,  two,  or  three  atoms  of  tai' 
water,  accordingly  as  they  belong  to  the  monobasic,  4 
bibasic  or  tribasic  class. 

5186.  When  the  hydrate  of  an  acid  of  either  kind  i*^' 
sented  to  a  base,  capable  of  displacing  water,  for  ertij 
atom  of  the  new  base  which  unites  with  the  acid,  aaaMI' 
of  water  must  be  expelled.  As  the  single  salts  of  nwi*' 
basic  acids  can  have  only  one  equivalent  of  base,  so  ■ 
them  there  can  only  be  one  kind  of  base;  but  in  bibill' 
acid  salts  the  equivalents  may  be  of  one  kind  only,  «•' 
two  kinds;  and  in  tribasic  acid  Baits, 


,  of  one  kiiM^  4U 
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o,  or  of  three  kinds.  In  either  case,  water,  acting  as  a 
se,  is  liable  to  be  present  in  the  same  proportions  as  any 
ler  base,  and  may  replace  or  be  replaced  by  other  bases. 
I  that  has  been  said  of  water,  is  also  true  in  many  cases 
oxide  of  ammonium. 

5187.  Different  bases,  salified  by  the  same  monobasic 
id,  may  combine  to  form  double  salts.  Of  course,  salts 
ring  water  for  their  base  are  not  excepted ;  but  double 
ts  thus  formed  with  an  equivalent  of  basic  water,  on  ac- 
iint  of  their  sourness  or  reaction  with  litmus,  have  been 
lied  acid  salts.  When  in  such  salts  the  water  is  re- 
Lced  by  another  base,  two  neutral  salts  result,  which 
ly  be  separated  by  crystallization,  provided  they  differ 
solubility,  and  crystallize  separately,  in  forms  sufficient- 
different  to  be  distinguished. 

5188.  When  monobasic  acids  are  united  to  more  than 
9  equivalent  of  base,  not  being  neutral,  as  bibasic  or  tri- 
iic  acids  are,  with  the  same  number  of  basic  equivalents, 
y  are  called  basic  salts ;  which  conveys  the  idea  of  a 
t  consisting  of  an  acid  united  to  one  or  more  atoms  of 
se  in  excess.  Yet  when  the  atoms  thus  situated,  are 
^sented  to  another  atom  of  the  same  monobasic  acid,  in 
\  state  of  hydrate,  they  can  displace  no  more  than  one 
)m  of  basic  water;  for  this  obvious  reason,  that  there 
1  be  no  more  than  one  atom  of  basic  water  in  union 
h  such  an  acid. 

il89.  Salts  of  bibasic  acids,  when  one  of  their  atoms  of 
36  is  water,  are,  from  their  sourness,  called  acid  salts ; 
t,  substituting  another  base  for  water,  does  not  produce 
louble  salt.  For  this,  two  atoms  of  acid  and  four  atoms 
base  would  be  requisite. 

5190.  Acids  produced  by  dry  distillation,  are  called  py- 
[ene  acids,  ^uch  acids  are  rarely  created  by  subjectmg 
oobasic  acids  to  that  process;  but  pyrogene  acids, 
en  thus  created,  are  always  monobasic. 
1191.  Under  like  circumstances,  bibasic  acids  give  birth 
eo  to  two  new  monobasic  acids,  as  in  the  instance  of 
Die  acid. 

5192.  By  the  same  process,  tribasic  acid  may  give  rise 
Ibnee  equivalents  of  a  monobasic  acid,  as  in  the  case  of 
inoric  acid ;  or  they  may  be  resolved  into  two  monoba- 
tcids,  or  a  bibasic  and  a  monobasic  acid,  as  may  be 
ID  io  the  case  of  meconic  acid. 
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5193.  In  the  following  table,  taken  froni  Gregory's 
big,  the  anhydrous  acid  is  represented  by  R,  the  mel 
oxybase  by  MO,  and  water  by  the  usual  symbol  HO 

Formula  for  Monobasic  Salts. 
R+HO,  hydrate  of  acid. 
R+MO,  nciiiral  snlt. 
(R+MO)+MO,  basic  salt. 
{2R+2MO+MO,       do. 
{R+M0)+3M0,     do. 


Ri 


3&< 


MO 


+  1 

>    mO, 

+! 

i  MO' 
>    mO, 

+1 

i  no 

1    MO, 

+! 

iaHO 

1    MO, 

double  salt  willi  two  bases, 
double  salt  with  two  bases. 
acid  salt, 
acid  Ball. 


General  formulae  for  the  salts  or  the  bibaaic  acids. 
R     +     2H0,  hydrate  of  acid. 

R     +     aMO,  neutral  salt. 

R     +  7       n    1  neutral  salt  with  two  bases. 

General  formuls  for  the  salts  of  the  tribaaic  acids. 
R     +     3H0,  hydrate  of  the  add. 
R     +  J  ^Jln   \  »It  *i^  °°^  ^tom  of  a  fixed  b 


,2H0 

MO, 

HO 
"^  i  2M0, 
+     3M0,  tribasic  salt. 

HO 


salt  with  two  atoms  o 


I  filed  b 


f-5    MO   J 

l4  3MO 
^i  MO* 


salt  with  (wo  diflerent  fixed  bases. 


0/  Acetic  Add. 

5194.  Acetic  acid  is  monobasic,  being  a  hydratedt 
ide  of  acetyl  (3093),  as  may  be  seen  from  its  fon 
C*H>0>+HO. 

5195.  As  the  cause  of  the  sourness  in  fermented  liqi 
and  various  products  of  vegetation,  this  acid*  having  I 
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le  first  to  attract  human  observation,  has  given  a  name 
»  the  whole  class  of  acids ;  though  at  this  time  many  of 
le  compounds  recognised  as  acids,  are  devoid  of  the  attri- 
iite  OD  which  the  general  name  is  founded.  Acetic  acid 
I  the  only  valuable  ingredient  in  vinegar,  causing  the  sour- 
ess  indicated  by  its  name,  which  differs  but  Tittle  from 
m  ai^re,  the  words  expressive  of  sour  wine  in  French. 

5196.  This  acid  occurs  in  nature  in  many  products  of 
be  vegetable  and  animal  organization:  as  for  instance,  in 
he  black  elder  (sumbucus  niger);  the  pleurix  dactilifera, 
sd  rhus  tiphinus;  in  sweat,  urine,  milk,  and  the  fluids  of 
he  stomach. 

5197.  It  had  long  been  observed  that  the  fermented  li- 
nors  containing  the  most  spirit  made  the  strongest  vine- 
"ars.  Although  pure  alcohol  is  not  liable  to  be  acidified 
•er  se,  when  diluted  with  water  holding  fermentable  sub- 
tances,  it  is  readily  converted  into  vinegar.  For  this 
orpose  each  atom  requires  four  of  oxygen.  Two  atoms 
•f  this  element  are  requisite  to  remove  two  of  hydrogen, 
J  which  ethyl  (3069),  the  radical  of  the  alcohol,  is  changed 
Qto  acetyl  (3093),  the  radical  of  acetic  acid.  At  the  same 
imey  two  atoms  of  oxygen  are  required  to  be  added  to  the 
^e  atom  previously  in  union  with  the  ethyl,  to  make  the 
hree  required  for  acetic  acid,  which  is  a  trioxide  of  acetyl, 
the  formula  of  alcohol  is  C^  H^+HO.  If  to  this  we  add 
Dur  atoms  of  oxygen,  we  have  O  H*  O+HO,  which  gives 
he  formula  of  hydrated  acetic  acid  =  CIV(y  HO+2HO 
Ri  excess.*     See  paragraph  3094  and  note. 

5198.  I  shall  defer  the  exposition  of  the  phenomena, 
^uses,  and  circumstances,  on  which  the  conversion  of  vi- 
kous  liquids  into  vinegar  is  dependent,  until  I  treat  of  fer- 
3ientation.  Practically,  every  body  has  a  general  idea  of 
he  mode  in  which  wine,  cider ,  or  beer,  vinegar,  is  obtained. 

5199.  Acetic  acid  is  also  a  product  of  the  destructive 
Iktillation  of  wood.    In  that  case  it  forms  what  has  been 


*  Litlbig  alleges  that  a  strong  and  agreeable  vinegar  may  be  made  by  exposing  to 
b«  air  fir  some  weeks  in  a  warm  situation,  the  following  miztore ; — 100  puis 
*«lar,  13  brandy,  4  parts  honey,  and  1  crude  tartar.  Of  coonei  one  part  cream  of 
Mtw  Milht  be  substituted  for  the  crude  tartar. 

Itkm  amification  of  mixtures  of  vegetable  juices  with  spirit,  has  been  rery  much 
jMdited,  of  late  years,  by  a  high  temperature,  and  allowing  the  liquor  to  drop  from 
wia  duvagh  holes  like  those  of  a  colander,  on  beach  wooo  sharings.  Respecting 
lii^  mad  other  processes  for  the  genenUion  of  acetic  acid,  much  information  will  bo 
fii  III  Uro*s  Dictionary  of  Arts  and  Minafactures ;  also  in  Liobig's  Traits  da 
Organiqoe,  386. 
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called  pyroligneous  acid,  which  contains  various  other  tfih 
stances.  From  these  the  acid  is  extricated  by  combiHg 
it  with  a  base,  and  subsequent  distillatory  decompoattDO 
of  the  resulting  salt  by  sulphuric  acid,  the  impure  aceMe 
having  been  first  cautiously  fused  to  get  rid  of  iropuriM 

5200.  The  acetic  acid,  thus  obtained,  is  much  diluted  witk 
water,  from  which  it  may  be  freed  by  digestion  with  inbj^ 
drous  sulphate  of  soda,  and  subsequent  distillation,  btlui 
way,  according  to  Liebig,  a  sufficient  degree  of  conoeitnif 
tion  may  be  attained  to  render  the  acid  crystallizable.  Af 
in  the  case  of  other  organic  acids,  that  in  question  cannl 
exist  excepting  in  combination  with  basic  water,  or 
other  base. 

5201.  The  distillation  of  dry  acetate  of  copper,  has  bHl|i 
long  made  the  means  of  evolving  the  contained  acid,  in 
concentrated  state.     Resort  has  also  been  had  to  the  d^ 
composition  of  the  dry  acetate  of  soda,  or  lead,  with 
valent  portions  of  concentrated  sulphuric  acid.    1.  Acodii^ 
inff  to  Liebig,  the  proportions  should  be,  3  acetate  of  lodii 
with  9.7  acid :  or,  3  acetate  of  lead,  with  8  acid. 

5202.  Pure  hydrated  acetic  acid  crystallizes  in  Bhinilt 
transparent  lamellar,  or  tabular,  crystals.  At  the  tempM* 
ture  of  63''  nearly,  these  crystals  fuse  into  a  limpid  liqiiii 
of  the  density  of  1.063;  of  which  the  pungent  and  disdo- 
guishing  smell  and  taste  may  he  inferred,  from  the  ioferiarl, 
effect  of  stronjT  vinegar.  In  its  concentrated  form,  as  it  I 
is  capable  of  blistering  the  skin,  its  action  upon  the  tongue  I 
must  be  insupportable.  Like  other  li(]ui(ls  ureedy  of  wa- 
ter, it  produces  fumes  on  contact  with  the  aqueous  vapour 
of  the  atmosphere.  It  boils  at  14'2\  and  unites  in  all  ptO" 
portions  with  water,  alcohol,  ( tlier,  many  essential  oik 
camphor,  and  some  rosins.  Wlion  in  the  state  of  vapoor, 
it  is  capable  of  burning  with  a  blue  llanie,  and  bein£  re- 
solved into  water  and  carbonic  acid. 

5203.  It  has  been  mentioned,  that,  when  liquiiK  crystal- 
lizable acetic  acid  is  denser  tlian  water.  To  a  certain  ex- 
tent, by  admixture  with  this  liquid,  a  condensation  ensues; 
but  a  further  addition  of  water  causes  the  opposite  change- 
Equal  parts  by  weight  have  the  same  density  as  the  pai*  * 
hydrate.  The  hifjhest  density  attainable  is  107.  indicating  , 
the  presence  of  three  atoms  of  water,  and  one  of  anhydro* 
acid;  or  by  weight,  772  acid,  and  228  water. 
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5204.  Allusion  has  been  made  to  the  process  by  which 
platinmn  black  causes  the  acetification  of  alcohol*  (1607). 

5205.  Of  Pyroligneaus  Acid.  The  process  by  which 
chaicoal  is  obtained  by  the  destructive  distillation  of 
irood,  has  been  mentioned  as  one  by  which  acetic  acid 
is  fifenerated.  Thus  produced,  it  is  generally  known  as  py- 
ro^gneous  acid,  being  very  much  disguised  by  impurities. 
In  fact,  pyroligneous  acid  so  called,  contains  beside  the 
■cetic  acid,  parafRne,  eupione,  kreosote,  and  the  pyrogene, 
lesinous  matter,  called  pyretene  by  Berzelius. 

5206.  When  the  process  is  performed  with  a  suitable 
apparatus,  this  acid  is  collected.  Pyroligneous  acid  may 
be  considered  as  the  matter  of  wood  smoke  in  the  liquid 
Rnrm;  and  when  applied  in  this  state  to  salted  meat,  is  at 
least  as  efficacious  as  when  employed  as  smoke  in  the 
Dsoal  way.  The  process  of  the  smoke-house  is  less  sus- 
Beptible  of  precision,  and  is  liable  to  produce  an  injurious 
me  of  temperature. 

5207.  0/  the  Acetates. — These  salts  are  soluble,  with 
very  few  exceptions.  Only  two  are  cited  as  insoluble  by 
Liebig;  those  of  molybdenum  and  tungsten.  The  ace- 
tates of  silver  and  of  the  protoxide  of  mercury,  are  soluble 
only  to  a  very  small  extent.  All  the  acetates  smell  of  ace- 
tic acid,  on  the  affusion  of  sulphuric  acid.  Those  formed 
with  oxides  of  the  metals  proper,  yield  their  acid  on  the 
application  of  heat,  with  a  partial  decomposition.  When 
Ine  base  is  a  fixed  alkali  or  alkaliije  earth,  they  are  re- 
solved into  carbonates  and  acetone  (3098). 

5206.  When  in  diluted  aqueous  solution,  especially  when 
die  base  is  in  excess,  any  alkaline  acetate  undergoes  a 
partial  resolution  into  a  carbonate. 

5209.  Of  course,  any  of  the  acetates  may  be  formed  by 
(he  saturation  of  the  acid  with  the  proper  base.  In  some 
f,  they  may  be  obtained  advantageously  by  double  de- 


•  Dr.  Ure  allefrci,  that  by  mcann  of  twenty  to  thirty  ponnds  of  platinam  powder, 
Wik  doM  not  waste,  we  may  transforni,  daily,  three  hundred  pounds  of  bad  spirits 

tlM  £nest  vinegar. 

Wirthis  parposo,  platinum  black  may  bo  made,  by  fusing  platina  ore  with  twice 
ItoVlicirt  of  line ;  pulverizing^  the  resulting  alloy,  and  subjecting  it  successively  to 
Alotoainlphuric  and  diluted  nitric  acid,  the  latter  with  heat.  The  zinc  being  dis- 
^'~tf«r  oxidized,  the  residual  powder,  afler  washing  with  a  solution  of  potash  and 
%  is  fii^for  tlie  purpose  in  question. 
procMs  has  been  conducted  in  a  wooden  box  having  a  capacity  of  twelve  cu- 

99 
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composition,  as  illustrated  in  the  case  of  sulphate  of  zac. 
and  acetate  of  lead,  which  when  added  together  in  a  sUB 
of  solution,  form  sulphate  of  lead  and  aceluto  of  wt. 
Formerly,  the  acetate  of  potash  was  known  as  foliald 
earth  of  tartar,  acetate  of  ammonia  as  spirit  of  miodfr 
rerus. 

5210.  0/  Acetate  of  Ammonia,  or  Spiril  of  Miniatnu 
This  salt  may  be  obtained  by  distilling  sal  ammcmiacvilk 
acetate  of  soda,  when,  after  the  escape  of  some  ammoBii 
the  acetate  cornea  over  liquefied,  and  crystallizes  ia  in*- 
parent,  colourless  needles. 

521 1.  This  acetate  has  an  acid  reaction,  is  deliouescaCi 
and  soluble  in  all  proportions  in  water  and  alculiol.  (X 
the  acetates  of  lead  some  mentioa  has  already  been  idb^ 
(1740.) 

5212.  Sugar  of  lead,  according  to  Liebig,  confaiwu 
equal  number  of  atoms  of  acid  and  base.  Besides  thiih 
there  is  sesguibasic  acetate^  consisting  of  two  atoms  ofadi 
with  three  atoms  of  base. 

5213.  Tribasic  acetate,  consisting  of  one  atom  of  adi| 
with  three  atoms  of  base. 

5214.  Sexbasic  acetate,  holding  one  atom  of  acid  to* 
atoms  of  base.  Sugar  of  lead  is,  of  course,  the  neotnl 
acetate. 

Of  Lactic  Acid. 

521 5.  This  acid  is  that  which  exists  in  sour  milk,  wbeMe 
its  name  from  lac,  the  latin  for  milk,    it  has  lately  b«« 
shown  to  be  generally  the  product  of  a  peculiar  fcmieD* 
tion,  called  viscous,  to  which  the  juices  of  plants,  contt*' 
ing  albumen,  are  spontaneously  liable,  when  yeast  is  W 
added,  at  a  temperature  between  86°  and  104°.     This  w 
mentation  differs  from  the  vinous,  in  being  accompa*' 
by  the  evolution  of  iiidamniable  gases,  as  well  as  cartW)* 
acid,  and  in  not  being  productive  of  alcohol,  but  of  iK* 
acid  and  manna  sugar,  or  mannite  (4074).     It  is  obtaiw 
from  sour  milk  by  saturation  willi  soda,  and  decomposii 
the  resulting  lactate  by  sulphuric  acid.     By  a  previous* 
dition  of  lactin,  in  the  ratio  of  eight  ounces  to  eight  [w 
of  the  milk,  the  quantity  of  acid  produced  may  be  adn* 
tageously  increased. 

5216.  Lactic  acid  is  monobasic,  and  as  it  eiists  in  * 
anhydrous  salt  which  it  forms  with  zinc,  consists  of  C*H'0* 


^  1 
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Its  composition  is  remarkable,  since,  as  the  hydrogen 
and  oxygen  which  it  contains  exist  in  the  proportion  for 
fonning  water,  it  might  be  represented  as  a  hydrate  of 
carbon ;  a  composition  which  usually  belongs  to  bodies, 
which,  as  it  respects  basic  and  acid  properties,  act  indif- 
ferently. When  in  its  most  concentrated  form,  it  appears 
18  a  sour  syrup,  incapable  of  crystallization.  On  being 
Seated  to  4^2"^,  it  is  decomposed,  yielding,  among  other 

-jNToducts,  a  large  amount  of  a  crystallized  acid  sublimate, 
this  consists  of  C*  H^  O^,  it  was  for  some  time  treated 
anhydrous  lactic  acid ;  but  as  the  anhydrous  lactate  of 

jdnc  is  said  to  contain  H'  O,  this  sublimate  must  be  re- 
garded as  a  distinct  acid.    Ek  boiling  in  water,  the  new 

«acid  combines  with  an  atom  of  oxygen  and  an  atom  of  hy- 

-«drogen,  and  is  consequently  reconverted  into  lactic  acid. 

Of  Citric  and  Malic  Acid. 

5217.  The  name  of  citric  acid  indicates  its  origin.*  It 
«nBts  in  the  lime  and  lemon,  in  union  with  mucilage  and 
malic  acid.  Its  combination  with  mucilage  is  so  intimate 
as  to  render  it  impossible  to  separate  the  acid  without 
first  uniting  it  with  some  other  matter.  Alcohol  combines 
with  the  acid,  and  precipitates  the  mucilage.  Yet,  the  al- 
coholic solution,  thus  obtained,  does  not  yield  crystals, 
even  after  evaporation,  re-solution  in  water,  and  evapora- 
ting the  water. 

5218.  The  most  efficient  mode  of  obtaining  this  acid 
pure,  is  to  saturate  the  juice  of  lemons  wim  chalk  or 
whiting,  and  afterwards  to  decompose  the  citrate  of  lime 
thus  formed,  by  sulphuric  acid,  duly  diluted.  The  citric 
acid  may  be  obtained  in  crystals,  from  the  supernatant  li- 
quid, by  evaporation. 

5219.  Citric  acid  is  crystal! izable.  Its  taste  is  intense- 
]{jr  acid  when  concentrated,  but  agreeably  sour  when  dilute. 

5220.  It  is  a  tribasic  acid ;  its  formula,  when  dried  at 
2iy,  being  represented  by  C^*  H^  O'^  +  3HO.  The  atoms 
of  water  are  essential  to  the  composition  of  the  acid  in  its 
free  state,  and  cannot  be  removed  unless  by  substitution 
of  an  equivalent  number  of  atoms  of  some  other  base. 

5221.  Malic  acid  derives  its  name  from  the  apple,  as 

*  Frmr  the  fruit  of  the  genus  citnif,  including  the  orange,  citron,  lemon,  lime, 
~  ehAddoek. 
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in  this '  fruit  it  predominates,  as  well  as  in  gooseberiM^ 
currants,  and  ottier  similar  fruits.  It  may  be  had  pine  If 
saturating  lime  with  apple  juice,  and  decomposing  the  wur 
late  of  lime  by  sulphuric  acid. 

5222.  Professor  Wm.  Rogers,  of  the  University  of  Vih 
ginia,  has  ascertained  that  tliis  acid  abounds  in  difemt 
species  of  sumach,  in  the  state  of  bimalate  of  lime.  Haiic 
acid  is  bibasic,  its  formula  being  C*  IV  O*  +  2HO. 

6223.  Malic  and  citric  acids  aflbrd  very  good  examples  of  theopentisflf 
a  law,  to  which  a  great  many  of  the  vegetable  acids  are  subjected.  At  att» 
perature  a  little  above  that  at  which  they  melt,  they  severally  yield  vewmaik 
That  yielded  by  citric  acid,  is  identical  with  the  acid  f(>und  in  the  aconiu 
napellus,  and  also  the  various  species  of  cquisitum.  Hence,  it  has  leorinl 
the  name  of  aconitic  or  cquisitic  acid.  Whether  obtained  from  citric  M^ir 
by  heat,  or  from  either  of  its  other  sources,  it  exists  in  the  fbrmofwttl"'' 
crystals,  soluble  in  water,  and  sour  in  taste.  The  acid  into  which  Mil 
acid  is  changed,  under  similar  circumstances,  is  also  found  in  nature  iatklk 
Iceland  moss,  and  in  the  funmria  oiRcinalis.  Hence  it  has  been  caiMfr||. 
marie  acid,  although  Pelouze,  who  first  obtained  it  from  malic  acid  bvM 
called  it  paramalic  acid.  Both  of  these  acids  difFer  from  the  dtrie  wi 
malic  acid,  from  which  they  are  produced,  only  in  having  lost  the  eleaeril 
of  two  atoms  of  water. 

5224.  When  either  of  the  acids  thus  obtained,  by  heating  citric  or  ndc 
acid,  is  exposed  to  a  higher  temperature,  n  further  change  takes  pbce»ai 
volatile  acids  are  formed,  fumaric  acid  yielding  malic,  and  aconitic  prodod^ 
itaconic  acid.  The  former  would  soom  to  be  Ibrmed  by  a  mere  transpooM 
of  the  elements  of  water  present,  which  appear  as  two  atoms  of  waterof  ciji* 
tallization,  instead  of  entering  as  before  as  two  basic  atoms  into  theioiifnl 
composition  of  the  acid.  A  fartlior  application  of  boat  ci»nvc'rt?  itaemc 
into  citraconic  acid;  while  mallcic  acid,  if  krpt  in  a  slate  i»f  lus.oo  wra 
length  of  time,  reverts  to  the  condition  oftliniarir  arid. 

5225.  It  must  be  obsorved,  that  if  citric  or  malic  arid  ho  heated,  without 
keeping  thoni  at  the  lemporatun^s  neoessary  for  the  jonnatitMi  <•!' tlio  toe 
compounds  which  they  resjK'ctively  produrc,  the  n'snlt  will  bo  a  mi.xtiin'ia 
the  one  c«ise  of  fumaric  acid  and  malic  acid,  in  tho  otluT,  of  aconitic,  it>' 
conic  and  citraconic  acids. 

Of  Tartaric  Acid,  and  Paratartaric  or  liacrmic  Acii 

5220.  Tartaric  acid  is  found  in  nianv  veijotablo?.  It  is 
named  from  tartar,  an  appellation  jjivon  to  a  doposilion 
from  wine,  which  contains  this  acid  united  with  jK>ta?haod 
water.  This  tartrate,  when  freed  from  inii>urities,  is  known 
officinally  under  the  name  of  cream  of  tartar.  When  to 
twenty-four  parts  of  this  salt,  thirteen  of  carbonate  of  so(U 
are  added,  sal  Itochelle,  a  tartrate  of  potash  and  soda,  i* 
produced;  and  in  like  manner,  tartar  emetic,  hy  replacins 
the  basic  water  by  the  sesquio.vide  of  antiiu(»ny.  Another 
pharmaceutical  compound,  called  tartari/ed  iron,  is  |)n> 
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ced  by  replacing  the  water  of  cream  of  tartar  by  iron, 
lich  is  taken  up  in  the  state  of  protoxide,  but  becomes, 
'  exposure,  more  or  less  sesquioxidized. 
5227.  Tartaric  acid  is  procured  from  cream  of  tartar  in 
le  crystals,  by  adding  chalk  until  effervescence  ceases, 
id  decomposing  the  precipitate  by  diluted  sulphuric  acid. 
be  neutral  tartrate  of  potash  left,  may  be  decomposed  by 
Licklime  or  chloride  of  calcium,  and  the  resulting  tartrate 
lime  will  yield  the  acid  in  the  same  way  as  the  analo- 
ms  tartrate,  obtained  in  the  first  instance  by  the  addition 
r  cbalk. 

5228.  Tartaric  acid  is  extremely  sour,  and  reddens  lit- 
IU8.  It  is  bibasic,  its  formula  being  O  W  O^®  +  2HO. 
I  consequence  of  this  bibasic  character,  the  salts  which  it 
»iin8  with  one  atom  of  a  fixed  base  are  sour,  have  an  acid 
»iCtioo,  and  require  the  presence  of  an  atom  of  basic 
ater.  Thus  the  salt  heretofore  described  as  the  bitar- 
ate  of  potash,  must  now  be  considered  as  the  tartrate  of 
>taBh  and  water,  since  it  consists  of  one  atom  of  tartaric 
:id,  one  atom  of  potash,  and  an  atom  of  basic  water. 

5229.  Of  Paratartaric  or  Racemic  Acid. — A  manufac- 
irer  of  Thann,  in  Germany,  in  preparing  tartark  acid 
om  cream  of  tartar,  which  had  been  deposited  from  the 
ine  of  that  country,  discovered  an  acid  differing  from 
lat  which  it  was  his  object  to  procure,  and  which  he  sup- 
>sed  to  be  the  oxalic.  Gay-Lussac  subsequently  proved, 
lat  while  possessed  of  peculiar  qualities,  its  equivalent 
as  the  same  as  that  of  tartaric  acid.  By  Berzelius  it 
as  afterwards  shown  to  be  isomeric  with  this  last  men- 
aned  acid,  and  he  has  consequently  named  it  paratar- 
iric  acid.  The  appellation  of  racemic,  has  also  been  ap- 
ied  to  it.  Paratartaric  acid  crystallizes  in  a  different 
rm  from  tartaric  acid  proper.  It  is  likewise  less  solu- 
e« 

aSdO.  The  action  of  heat  on  tartaric  acid  is  strikingly  peculiar.  At  a 
BBperaturc  merely  sulRcient  to  produce  fusion,  two  atoms  of  the  acid  give 
Fane  of  the  four  atoms  of  the  basic  water  combined  with  them,  losing  at 
e  Mine  time  one  fourth  of  their  saturating  power,  and  causing  the  acid  to 
loome  aesquibasic,  so  that  two  atoms  of  it  saturate  only  three  of  base. 
be  name  oftartralic  has  been  applied  to  the  acid  in  this  state. 
5S81.  A  still  further  application  of  heat  removes  another  half  atom  of 
Iter  and  produces  tartrelic  acid,  which  is  manobasicy  saturating  only  one 
001  of  base,  and  requiring  in  the  free  state  the  presence  of  but  one  atom 
'  wmter.  A  still  higher  temperature  removes  all  basic  water,  and  leaves  a 
white  mass,  insoluble  in  water,  and  hence  no  longer  sour  or  capable 
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of  reddening  litmus.  The  composition  of  this  body  is  C*  H*  0^*. 
quently,  it  is  identical  with  that  of  tartaric  acid  freed  from  its  basic  « 
as  it  exists  for  instance  in  the  bibasic  tartrate  of  lead.  If  left  long  in 
tact  with  the  water,  this  insoluble  compound  gradually  takes  up  two 
of  the  oxide  of  hydrogen,  and  becomes  the  ordinary  soluble  bibiasic  tulnc 
.acid.  It  has  been  considered,  that  the  absence  of  sourness,  in  this  odj  » 
stance  of  an  isolated  anhydrous  organic  acid,  is  favourable  to  the  idea  tktf 
oxacids  are  hydrurets  of  compound  radicals  owing  their  acid  itMliaa  li 
hydrogen;  but  it  should  be  recollected,  that  the  absence  of  this  actifliiiu 
invariable  consequence  of  insolubility.  No  insoluble  hydruret  of  vUek 
there  are  instances  among  the  oils  or  etherial  compounds  is  sour.  RvM 
it  that  portion  of  water  which  enters  the  tartaric  acid  as  a  base,  and  oiAi 
hydrogen  of  which  the  hypothesis  relics,  which  confers  either  sounmiff 
the  capacity  for  acid  reaction  with  vegetable  colours.  Independeotljtf 
moisture,  the  gaseous  hydracids,  erroneously  so  called,  have,  I  beliefei  ■ 
such  properties. 

5232.  Of  lAqvid  and  Solid  Pyrotartaric  Acid, — By  destructive  dtf 
lation,  tartaric  acid  yields  two  acids,  to  which  the  preceding  appeUsW 
have  been  given.  Liquid  pyrotartaric  acid  forms  a  monoba^c  elber,  ai 
various  salts.  Its  formula  is  C  H'  O'.  Solid  pyrotartaric  acid  is  g^ 
rated  in  small  proportion,  during  the  destructive  distillation  of  tartaric  Mfc 
but  is  yielded  more  copiously  by  subjecting  cream  of  tartar  to  that  pnoM 
Graham,  946. 

Of  Guiacine,  or  GuicLcinic  Acid. 

5233.  In  the  Journale  de  Pharmacie,  for  1842,  p.  386,  notice  is  gifnlf 
J.  Pelleyer,  of  the  results  of  an  investigation,  which,  though  it  had  notta 
completed,  enabled  him  to  allege  that  the  peculiar  principle  of  gum  gniic^ 
which  he  calls  guayacine,  in  English  guiacinc,  may  be  isolated  by  cilkv 
of  two  processes.  According  to  one,  an  alcoholic  solution  of  aoetttfvflf 
lead  is  to  be  added  in  successive  portions  to  a  tincture  of  the  resin,  lejfCt- 
ing  the  latter  portions  of  the  precipitates  formod.  Th^  compound  thus  pro- 
cured, is  to  be  well  washed  with  water  first,  and  afterwards  with  ilcobol. 
Then  being  suspended  in  water,  is  to  be  exposed  to  siilphydric  acid,  by 
which  the  lead  is  precipitated  as  a  sulphide.  The  guiacine  is  then  tika 
up  by  alcohol. 

5234.  According  to  the  other  process,  hydrate  of  lime  is  added  to  the 
tincture,  by  which  means  a  compound,  of  tho  rrujacinc  and  \\nv\  isobtaiimi 
From  this  the  guiacine  may  be  easily  cxtricitnl. 

6235.  (luiacine  has,  in  a  high  dc«rr«»,  th<"  projiorty  of  becoming  blue  if 
absorbing  oxygon,  and,  after  being  thus  coloured,  may  l»o  restored ta ''> 
previous  statt?  hy  substances  greedy  of  oxyncn,  such  as  sulphydricorfiJ- 
phurous  acid,  protoxide  of  iron,  or  protociiloride  of  tin.  KcH^xpoiaic  to 
the  air  restores  the  blue  colour. 

523G.  Moist  chlorine,  or  an  aqueous  solution  of  this  gas,  turns  ^uiici* 
blue;  hut  an  excess  renders  it  green,  and  yellow,  sneccssively.  From  ll* 
last  mentioned  state  it  cannot  be  restored,  having  undergone  a  chemicii 
chauije. 

5237.  Notwithstanding  the  property  of  coinbininn:  wiih  Uises.  Mr.  Me- 
tier hesitated  to  desiiinate  it  as  an  acid,  but  in  this,  as  it  was  found  iocobh 
bine  with  bases,  I  consider  him  as  misjudging.  The  analogy  betw»H'n  t-Hji 
resin  and  indigo,  as  respects  changes  of  colour,  must  strike  every  one  ac- 
quainted with  the  facts. 
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6288.  I  premime  in  English  the  principle  which  he  has  isolated,  will  be 
led  guaicine ;  or  if  it  be  an  acid,  as  from  the  account  given,  it  evidently 
B;ht  to  be  considered,  the  name  will  be  guaicinic  acid. 

Of  Tannic  Acid. 

5239.  From  its  formula,  C>«  H'  (^  +  3H0,  it  may  be 
en  that  the  tannic  acid  is  tribasic. 

5240.  The  art  of  converting  the  hides  or  skins  of  ani- 
als  into  leather,  by  soaking  them  in  infusions  of  the  bark 

oak  and  other  trees,  had  long  been  practised.  Subse- 
icntly  it  was  ascertained  that  this  change  arose  from  a  che- 
ical  combination  ensuing  between  the  gelatin  of  the  skin 
r  hide,  and  a  vegetable  principle  called  tannin,  from  its  ef- 
:iency  in  the  process  of  tanning  abovementioned.  Ber- 
ilius  first  treated  of  tannin  as  an  acid.  This  view  being 
iopted,  the  principle  is  now  universally  designated  as 
nnic  acid.  It  is  peculiarly  abundant  in  oak  galls,  giving 
»  an  infusion  of  them  the  property  of  causing,  with  iron, 
I  ink  colour,  whence  its  use  as  an  ingredient  of  common 
riling  ink. 

5241.  Tannic  acid  is  likewise  found  in  a  great  number 
*  vegetables,  generally  in  their  bark  or  roots,  but  not  un- 
equently  in  their  leaves  and  seeds,  and  even  in  their  flow- 
's and  fruits,  before  they  have  reached  maturity.    It  is, 

fact,  the  most  frequent  cause  of  astringency  in  vegetable 
oducts. 

5242.  It  may  be  procured,  according  to  Mr.  Pelouze,  in 
state  of  purity,  by  introducing  powdered  galls  into  a  ves- 
fl,  with  a  body  and  pipe  resembling  that  of  a  funnel,  but 
>ntracted  above  into  a  neck  like  that  of  a  bottle.  The 
pe  of  this  vessel  should  be  furnished  with  a  cock,  and 
list  be  made  to  descend  into  a  tincture  bottle  through 
e  mouth.  The  galls  are  then  to  be  covered  with  sul- 
luric  ether,  of  the  officinal  strength,  and  the  mouth  of  the 
tssel  being  corked,  they  are  to  be  left  in  contact  with  the 
her  for  several  hours.  The  liquid  being  then  allowed  to 
saeend  into  the  bottle,  will  be  found  to  separate  into  two 
>rtions,  of  which  the  heaviest  is  a  solution  of  tannic  acid. 
rem  this  solution  the  acid  may  be  obtained  in  the  solid 
rm  by  washing  with  ether,  and  evaporation,  in  vacuo, 
rear  sulphuric  acid.  Thus  obtained,  it  is  inodorous,  as- 
iogent,  yellowish  white,  and  somewhat  crystalline. 

5243.  The  oxides  of  the  following  metals  form  insoluble 
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tamiatefl,  and  hence  yield  precipitateg  with  tannic  adioi 
an  infusion  of  galls.    The  colours  of  these  predpitattt 
as  follows : — 

The  precipitate  formed  with  lead  or  antimony, 

With  tin,  nickel,  cobalt,  silver,  various  shades  of 

With  tantalum  or  bismuth,  orange. 

With  titanium,  blood  red. 

With  platinum,  green. 

With  chrome,  molybdenum,  uranium,  and  gold. 

With  osmium  and  sesquioxide  of  iron,  deep  pnipk^ 
or  ink  colour. 

5244.  On  account  of  the  insolubility  of  the 
antimony,  an  infusion  of  galls,  or  of  o^ak  bark,  is 
dote  for  tartar  emetic  and  other  antimonial 

5245.  Tannic  acid  has  also  been  found  a  test 
precipitant  o^  the  organic  alkalies,  and  must  be 
msB  an  antidote  for  their  poisonous  influence. 

5246.  The  aqueous  solution  of  tannic  acid 
mns.    It  does  not  affect  solutions  of  the  protoiide  of 
and  the  intense  colour  produced  as  aboyementioiied^imi 
the  sesquioxide,  may  be  removed  by  reagents,  iMf 
duce  the  iron  to  the  state  of  protoxide,  as  afaeadjf  ^ 
trated  (1817). 

5247.  Ink  is  best  made  with  the  green  sulfate  af 
because,  so  long  as  the  iron  is  not  sesquioxidized,  rfl 
ing  in  solution,  it  can  penetrate  the  paper  better;*!* 
soon  peroxidizes,  and  consequently  blackens,  by  eipoWi* 
to  the  atmospheric  oxygen.    (Urc.) 

5248.  By  a  piece  of  raw  hide,  pure  tannic  acid  iniyf^ 
a  few  hours,  be  taken  up  from  a  solution  so  conipWw 
that  if  no  gallic  acid  be  present,  the  liquid  will  not  be* 
fected  by  a  solution  of  sesquioxide  of  iron. 

5249.  According  to  Graham,  tannic  acid  precipitii'^* 
solution  of  starch  and  albumen,  and  is  capable  of 
bining  with  animal  fibrin. 

5250.  Of  Artificial  Tannin. — A  substance  rescolPl 
tannic  acid  in  many  of  its  properties,  and  called,  ps^ 
rally,  artificial  tannin,  is  formed  during  the  action  of  ^ 
trie  or  sulphuric  acid  on  a  great  variety  of  vegetable  ^ 
stances.  One  variety  of  this  tannin  is  formed  by  the 
tion  of  nitric  acid  with  charcoal. 


I 
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Of  GaUic  Acid. 

1.  Formula  of  the  dry  acid,  C  HO*  2H0.  When 
llized,  one  additional  atom  of  water  is  present. 

2.  This  acid  and  tannic  acid  appear  to  be  almost 
\  more  or  less  associated ;  so  that  they  are  generally 
resent,  where  either  is  found.    This  is  now  explained 

fact,  that  tannic  acid  is  liable  to  be  converted  into 
icid  spontaneously. 

).  Agreeably  to  one  of  the  processes  recommended 
^curing  the  last  mentioned  acid,  nut  galls,  made  into 
3  with  water,  are  to  be  exposed  to  the  air  for  seve- 
3ks  at  the  temperature  of  80**  nearly,  water  being 
id  so  as  to  compensate  for  evaporation.  The  re* 
mass  is  to  be  subjected  to  boiling  water,  and  the 
n  thus  obtained  being  filtered,  the  gallic  acid  sepa- 
[1  the  crystalline  form.  It  is  rendered  quite  pure  by 
tion,  digestion  with  animal  charcoal,  and  re-crystai- 
I. 

I.  If  the  precipitate,  obtained  by  adding  snlphnric 
a  concentrated  extract  of  galls,  be  washed  with  a 
]uantity  of  water,  and  then  dissolved  by  gradually 
it  to  a  boiling  solution  of  one  part  of  sulphuric  acid 
of  water,  gallic  acid  is  generated,  and,  by  refrige- 
separates  from  the  liquid  in  crystals.  The  impure 
us  isolated,  may  be  purified  partially  by  re-solution 
ystallization;  or  more  thoroughly  by  adding  to  a 
n  of  it  acetate  of  lead,  and  decomposing  the  result- 
oluble  gallateof  the  protoxide  of  lead,  by  sulphydric 
)99).  By  these  means  the  lead  is  converted  into  a 
le,  which  separates  this  metal,  and  much  colouring 
I  simultaneously;  the  acid  remaining  dissolved. 
11,941. 

).  Again,  if  tannic  acid  be  subjected,  for  a  few  mi- 
to  a  solution  of  caustic  potash,  on  the  addition  of 
ric  acid  in  excess,  crystals  of  gallic  acid  will  be  co- 
formed  on  the  cooling  of  the  liquid.  Kane,  1010, 
».  Gallic  acid  crystallizes  from  a  hot  solution  in  thin 
eedles,  which,  for  solution,  require  100  parts  of  cold 
although,  when  boiling,  three  parts  are  sufficient, 
^ry  soluble  in  alcohol,  and  sparingly  soluble  in  ether, 
gh  it  is  productive  of  the  same  dianges  in  solutions 
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of  seaqaioxide  of  iron  as  tani  » it  di  m  fnm 

not  caufling  any  precipitate  in  soIutionB  of  gelatiiie. 

5357.  It  would  appear  doubtful  whether  this  acid 
ready  formed  in  nature,  or  whether  it  be  not  alvaya 
duct  of  the  oxidation,  or  partial  decomposition  w, 
acid»    It  has  been  stated,  that  the  expomre  of 
to  the  air,  or  boiling  it  with  an  excess  of  alkali, 
the  presence  of  the  atmosphere,  produces  this 
and  that  it  may  also  be  effected  by  means  of 
acid. 

5258.  On  the  one  hand  it  has  been  observed,  that 
atoms  of  tannic  acid  contain  the  elements  of  six 
ffallic  add,  and  one  of  grape  sugar;  and  on  the  otbai^ 
ue  absorption  of  eiffht  atoms  of  oxygen  would  cobm 
atom  of  tannic  acid  into  four  atoms  of  carbonic  acii 
two  of  crystallixed  gallic  acid.  As,  according  to 
not,  alcohol  and  carronic  acid  have  been  evolved  fron 
galls  during  their  fermentation,  it  seems  possible  tint 
nic  acid  may  be  produced,  according  to 
either  by  fermentation,  or  by  the  oxidation  of  the 
pies  present  in  nut-galls.  Indeed,  tannic  acid  its^ 
aroear,  from  the  nature  of  the  sources  from  wbiA  % 
obtained,  to  be,  in  many  instances,  the  result  of  a 
decay  of  other  principles  in  plants;  and  when  gal  ^ 
either  in  its  free  state,  or  as  it  exists  in  the  gallateSyii 
posed  to  the  air,  it  undergoes  a  still  further  chaofe  into 
carbonic  acid,  and  a  brown  vegetable  substance.  UeM 
it  may  be  conjectured,  that  both  of  the  acids  in  ooeBtioi 
are  the  products  of  different  stages  of  one  continued  tiui- 
formation. 

5259.  If  gallic  acid  be  heated  to  about  400°,  it  is  decomposed  iflto 
bonic  acid,  and  a  new  acid  which  sublimes  in  brilliant  white  platei.  V 
acid  has  received  the  name  of  pyrogallic,  and  is  soluble  in  water, 
and  ether.  If,  on  the  contrary,  the  heat  be  raised  above  450°,  an  i 
black  mass  remains  in  the  retort,  to  which,  from  its  combining  wi 
lies,  and  its  colour,  the  name  of  nielangallic  acid  has  been  given.  Tta 
results  are  only  worthy  of  notice  as  forming  part  of  a  series  of  trawfa^ 
tions  which  most  of  the  organic  acids  undergo  through  the  appliciUioiS 
heat. 

5260.  An  acid,  called  the  elagic,  is  frequently  produced  during  thitfl 
posure  of  galls  to  the  air,  which  gives  rise  to  the  formation  of  gallic 
There  are  several  species  of  vegetable  products  in  which  acids,  rcscii 
the  gallic  and  tannic  acids,  though  not  identical  with  them,  have  beni^ 
covered.    Thus,  in  the  bark  of  the  various  species  of  cinchona, 
with  quinia  or  cinchona,  are  found  two  acids,  the  cinchonic  and 
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tiic,  whose  ph]rtical  properties  stand  in  very  nearly  the  same  relation  to 
h  other  as  that  borne  by  gallic  and  tannic  acid ;  and  in  catechu,  an  ex- 
a  obtained  from  the  mimosa  catechu,  there  have  been  discovered  two 
is,  the  catechuic  and  the  catechutannic,  of  which  nearly  the  same  state- 
nt  may  be  made.  It  does  not  appear,  however,  that  in  either  case  one 
diefli  has  the  property  of  being  converted  into  die  other,  as  is  the  case 
h  tannic  and  gallic  acids.  Berzelius,  however,  is  of  the  opinion,  that  all 
forms  of  tannic  acid  found  in  plants  are  identical  in  composition,  but 
lified  by  association  with  other  matter. 

Of  Meconic  Add. 

5261.  Formula, C"H0"+3H0;  wheiicry8tallized+6HO. 
sconic  acid  is  tribasic. 

5262.  When  a  solution  of  acetate  of  lead  is  added  to  an 
iision  of  opium,  a  precipitate  is  obtained,  consisting  of 
conate  of  lead.    From  this  the  lead  may  be  precipitated 

a  sulphide  by  means  of  sulphydric  acid,  and  a  sola- 
D  of  the  liberated  meconic  acid  obtained  by  filtration, 
is  acid  exists  in  opium,  combined  with  morphia  and 
leia. 

>263.  With  solutions  of  the  sesquioxide  of  iron,  meconic 
d  produces  an  intense  red  colour;  with  protoxide  of  lead 

insoluble  precipitate.  It  is  to  this  affinity,  for  oxidized 
d,  that  we  owe  the  process,  above  described,  for  pro- 
ring  this  acid. 

^264.  Meconic  acid  produces  a  taste,  at  first  sour,  and 
Ksequently  bitter,  and  reddens  litmus  paper.  Being  a 
>a8ic  acid,  it  forms  three  classes  of  salts,  in  which  the 
ter  present  may  be  replaced,  partially  or  entirely,  by 
3,  two,  or  three  atoms  of  base.  Like  other  organic 
ds  which  have  been  described,  meconic  acid  is  converted 
heat  into  another  acid,  the  kamenic^  carbonic  acid  beinff 
lived;  and  as  this  komenic  acid  cannot  be  volatilized,  it 
at  a  higher  temperature,  converted  into  pyromeconic 
d,  whicn  may  be  sublimed  without  furUier  change. 
ch  of  these  transformations  is  accompanied  by  the  loss 
an  atom  of  basic  water,  and  a  diminished  capacity  of 
nrating  bases. 

Of  a  Method  of  detecting  the  Presence  of  Opium. 

1265.  The  property  which  meconic  acid  has  of  precipi- 
ing  with  lead,  and  of  producing  a  red  colour  with  iron, 
y  enable  us  to  detect  opium,  when  present  in  a  very 
all  quantity  in  solution. 


470  ORGAMIC  GHEMIiTKY. 

5366.  If  ten  drops  of  t  tincture  i  ^ 
called  laudannm,  be  mini  i  with  half  a  gallon  of  "Oilll 
on  adding^  a  few  drops  of  b  :  ate  of  lead,  there  wiK||jj[ 
precipitation  which,  at  t  e  fa  few  hours,  wiU  hai^ 
cmtiMe  in  flocks.  T  de  t  of  these  flocks  OHty  l«< 
eelerated  bj  detachi  t  gently  from  the  sidestf,) 
recipient  with  a  g  i  i.  'i%e  vessel  should  be 
so  as  to  concent]  t  i  during  their  descent* 
they  are  collected  at  t  Dottom  of  the  vessel, 
drops  of  the  red  sulphate  of  iron,  and  an  equivaleot 
of  sulphuric  acid  should  be  introduced  among  tfien 
means  of  a  small  glass  tube.  The  presence  of  the 
conic  acid  will  be  rendered  evident  by  the  redness 


5267.  When  a  red  colour  is  produced  by  the 
here  described,  it  is  probaUe  that  opium  is  present; 
conic  acid  is  found  only  in  that  dn^,  and  having  no 
qptlities,  is  not  used  separately  from  it  in  any 
tical  preparation. 

5268.  It  may  be  proper  to  mention,  that  mA[ 
dric  acid  produces,  with  the  sesquioxide  of  iron,  a 
resemUing  that  j^roduced  by  meconic  acid. 

Qf  Ike  Adds  furmed  from  Sugar. 


5269.  Cane  sugar  may  be  made  to  combine,  as  sugar,  with  the 
earths,  and  with  some  of  the  metallic  oxides,  though  not  with  the 
In  these  compounds  the  sugar  exists  unchanged,  but  united  to  ths 
an  affinity  so  feeble,  that  it  may  be  displaced  by  carbonic  acid. 

5270.  Nevertheless,  if  sugar  be  kept  a  long  time  dissolved  in  aa  altaBii 
solution,  it  undergoes  a  transformation  into  a  real  acid,  the  giodc  n 
which  has  a  sour  taste  when  free,  and  combines  with  bases  to  ibnn  9^ 
In  this  acid,  as  in  lactic  acid,  the  oxygen  and  hydrogen  are  present  k  lb 
proportion  for  forming  water;  and  the  only  change  which  sugar  espeiiH^ 
by  conversion  into  giucic  add,  is  the  loss  of  several  atoms  of  walv*  B* 
formula  for  giucic  acid  would  appear  to  be  C*'  H'  O. 

5271.  If  heat  be  applied  to  a  solution  of  sugar  with  an  alkaJioilH^ 
melassic  acid  is  produced  either  from  the  sugar  directly,  or  from  the  ff^ 
acid.  It  is  said  to  consist  of  C**  H*'  O^^,  so  that  in  forming  it,  sogarpi* 
not  only  with  water,  but  also  with  oxygen. 

5272.  By  the  reaction  of  diluted  nitric  acid  with  sugar,  a  cryihlalllwlfc 
acid  of  a  strong  sour  taste  is  produced.  It  was  at  first  supposed  to  be  imIc 
acid,  but  was  afterwards  distinguished  by  the  name  of  oxalhydne.  fe  > 
now  called  saccharic  acid.  Its  formula  is  C**  H^  O*^  5Hd.  Tke  fM 
atoms  of  water  are  essential  to  the  composition  of  the  acid  in  what  is  cdM 
the  free  state.  When  it  is  united  to  other  bases,  the  water  is  r^taoA 
wholly  or  in  part,  by  a  corresponding  number  of  atoms  of  base.  Tiie  ^ 
hydrous  salt  which  it  forms  with  lead,  consists  of  C  H<  O"  +  tflO: 
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d  by  its  UDioo  with  the  oxide  of  that  metal,  it  forms  three  other  salts,  in 
fiich  we  find  C»  H*  O"  combined,  respectively,  with  3PbO  +  2H0,  2PbO 

SHO,  and  PbO  +  4H0.  These  facts  respecting  the  composition  of  the 
ccharates  are  instructive,  as  furnishing  support  to  the  theory  of  poly- 
isic  acids ;  since,  if  we  do  not  have  recourse  to  that  theory,  we  must  8U[>- 
kse  the  existence  of  a  distinct  acid  in  each  of  the  salts  above  mentioned,  and 
mt  one  of  them  has  the  property  of  combining  with  five  atoms  of  base,  and 
It  with  any  smaller  quantity. 

5273.  When  lactin  (sugar  of  milk,  4070)  is  subjected  to  the  action  of 
luted  nitric  acid,  mucic  acid  is  produced.  It  may  also  be  obtained  by 
ftistttuting  gum,  or  mannite,  for  the  sugar  of  milk.  It  exists  as  a  crystal* 
le  powder  of  difficult  solubility,  and  a  feebly  acid  taste.  Its  formula  is 
"  H«  0"  +  2H0. 

0/  Formic  Acid. 

5274.  It  is  inferred,  that  between  formic  acid,  fonnyl 
1019),  and  metliyl  (4016),  the  same  relation  exists  as  be- 
preen  acetic  acid,  acetyl,  and  ethyl;  and  also  that  the  part 
erfbrmed  by  alcohol,  the  hydrated  oxide  of  ethyl,  in  the 
De  case,  is  performed  by  pyroxylic  spirit,  the  hydrated 
ude  of  methyl  in  the  other.  Either  the  methyUc,  or  ethy« 
c  alcohol,  by  losing  two  atoms  of  hydrogen,  and  acquiring 
wo  of  oxygen,  are  converted,  the  one  into  acetic,  the  other 
ito  formic  acid.  Moreover,  the  same  catalytic  agent,  pla- 
num sponge,  or  black,  may  in  either  case  be  competent 
>  induce  the  requisite  reaction  with  atmospheric  oxygen. 
*he  features  which  are  wanting  to  complete  the  resem- 
lance,  are  congeners  severally  of  aldehyde,  C*  H^O  +  HO, 
nd  acetous  acid,  C^  H^  O^  +  HO.  To  correspond  with 
lese  compounds,  no  hydrated  oxide  of  formyl,  nor  formous 
Old,  are  known. 

5275.  To  render  this  statement  more  intelligible,  the 
allowing  formute  are  subjoined.  Methyl,  C*  H*;  formyl, 
^  H;  anhydrous  formic  acid,  C?  HO^.  To  form  the  hy- 
rated  acid,  one  atom  of  water,  HO,  must  be  added. 

5276.  Formic  acid  was  originally  obtained  from  ants. 
:  appears  to  exist  in  them  naturally. 

5277.  This  acid  may  be  obtained  by  adding  to  one 
art  of  sugar  in  an  alembic,  three  parts  of  well  pulverized 
eroxide  of  manganese,  and  three  parts  of  sulphuric  acid 
iloted  with  its  weight  of  water.  The  acid  should  be 
dded  in  three  successive  portions.  At  first,  the  efierves- 
Mice  is  so  great  as  to  require  the  vessel  to  have  fifteen 
mes  the  capacity  which  would  be  necessary  to  contain 
le  material  when  quiescent.    The  formic  acid  associated 
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with  formic  ether,  is  brought  over  by  d     I     ioii*    It 
be  saturated  with  chalk  or  an  alkali,  and  the 
fwmiate  decomposed  and  isolated  by  distillatton  wilkl 
parts  by  weight  of  sulphuric  acid,  diluted  widi 
water. 

5278.  According  to  the  late  Professor  Emmet» 
sence  of  peroxide  of  manganese  in  this  process  is 
sary.    Agreeably  to  his  observations,  the  com 
many  vegetable  substances  into  formic  acid,  amoi^ 
maize,  may  be  effected  by  any  of  those  asenis 
would  effect  the  evolution  of  ether  from  alcoh^ 

5279.  From  the  investigations  of  Dobereiner,  it 
pears  that  formic  acid  is  an  excellent  reagent  fiir  sep 
mg  the  noble  metals  from  solutions  in  which  thecal*! 
termudgled  with  other  metals  proper.    If  a  Bohboa^  ^ 
taining  one  or  more  noble  metals,  be  elevated  neaiiy 
temperature  of  ebullition,  on  adding  an  alkaHne  fi 
the  noble  metals  will  be  immediately  and  entbrdy 
tated  in  a  very  minute  state  of  division.    At  the 
by  ascertaining  the  weight  of  the  gas   simull 
evolved,  that  of  the  metal  thrown  down  may  be 
mined. 

5280.  From  its  solution  in  water,  the  bichloride  of  1 
cuiy  is  converted  into  calomel  with  so  much  facili^t  i 
in  a  state  of  division  so  perfect,  by  formic  acid  or  mmk 
of  soda,  that  their  employment  in  the  preparation  of  thit 
protochloride  was  suggested  by  Dobereiner. 

5281.  If  the  same  quantity  of  sulphuric  acid  andmun 
ganese  be  mingled  with  six  parts  of  alcohol,  the  procetf 
being,  in  other  respects,  the  same  as  that  for  formic  adi 
above  described,  formic  ether  becomes  the  predominiM 
product.  It  is  freed  from  formic  acid  by  magnesia,  froB 
alcohol  by  a  small  quantity  of  water,  and  from  water  kf 
chloride  of  calcium.  By  a  more  extensive  contact  wA 
water,  formic  ether  is  decomposed,  and  alcohol  and  f<»oi6 
acid  are  generated. 

5282.  Formic  acid  has  a  pungent  taste,  and  a  peculiir 
sharp  odour.  It  is  more  energetic  in  its  affinities  thii 
acetic  acid.  The  formiates,  like  the  acetates,  are  gent" 
rally  very  soluble. 
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Cf  Valerianic  Add,  C*«  H»  0»  +  HO. 

IS283.  This  acid  was  described  in  the  last  edition  of  this  Compendium, 

•  a  product  yielded  by  the  root  of  valerian,  (Valeriana  officinalis,)  when 
tbjected  to  distillation  with  water.  Since  that  time,  it  has  been  found  to 
t  producible,  artificially,  from  a  totally  different  source.  It  has  been  dis- 
ivered  by  Cahours,  that  if  oil  of  potato  spirit  (hydrated  oxide  of  amyl, 
K23),  be  allowed  to  fall  in  successive  drops  no  faster  than  it  can  be  im- 
bed upon  platinum  black,  previously  heated,  an  acid  vapour  arises  from 
e  oxidation  of  the  elements  of  the  oils,  which  has  all  the  properties  of 
e  valerianic  acid,  obtained  from  the  root  of  valerian  as  above  mentioned. 

5284.  During  this  process,  two  atoms  of  hydrogen  are  replaced  by  two 
oms  of  oxygen,  so  that  it  is  quite  analogous  to  the  play  of  affinities  by 
hich  the  acetic  and  formic  acids  are  generated ;  the  former  from  alcohol, 
e  latter  from  pyroxylic  spirit. 

5285.  Valerianic  acid  is  also  generated  in  potato  spirit,  by  the  sponta- 
lous  absorption  of  atmospheric  oxygen  by  exposure  to  the  air. 

52§6.  Valerianic  acid  is  a  colourless  liquid,  having  an  oleaginous  con- 
Meocy,  a  sharp,  acid  taste,  and  a  persistent  odour,  which  recalls  that  of 
e  root  of  valerian.  In  the  state  of  protohydrate,  according  to  Graham, 
produces  a  white  spot  upon  the  tongue  when  applied  to  it.    The  density 

*  this  acid  is  nearly  937  at  62^.  It  boils  without  alteration  at  847^,  and 
mains  liquid  at  5^.  When  heated  in  a  platinum  spoon  it  takes  fire  rea- 
It,  burning  with  a  white  flame  and  much  smoke,  leaving  little  residue. 

IS  soluble  in  eighty  times  its  weight  of  cold  water,  and  in  all  proportions 
alcohol.     It  is  capable  of  taking  up  20  per  cent,  of  water  without  losing 
I  oily  consistence. 

5287.  From  the  formula  of  this  acid  it  is  supposed,  that  it  may  consist 
'a  compound  radical  analogous  to  acetyl,  for  which  the  name  valeryl  is 
iggested;  formula,  C*"  H». 

Of  Caffeic  Acid  and  Caffee  Tannic  Acid* 

5288.  According  to  Kane,  the  coloured  precipitate  produced  in  a  decoc- 
ya  of  raw  coffee,  by  subacctate  of  lead,  comprises  two  substances,  which 
lay  be  extracted  by  impregnation  with  sulphydric  acid  while  suspended  in 
ater,  subsequent  evaporation  of  the  filtered  liquid  to  the  consistence  of 
^rup,  and  digestion  in  strong  alcohol.  A  peculiar  kind  of  tannic  acid  dis- 
•Ives,  called  caffee  tannic.  A  white  powder  subsides,  which,  when  heated, 
olves  the  peculiar  smrll  of  roasted  cofTee.  Its  solution  in  water  reddens 
mus.  It  is  called  caffeic  acid.  It  is  not  known  whether  the  tannic  acid 
*tea  and  coffee  are  the  same. 

Of  Acids  modified  by  an  Union  with  Organic  Mailer. 

52S9.  Two  sets  of  acids  may  claim  this  description. 
tf  these,  in  one  set  the  organic  matter  to  which  the 
bange  in  them  is  due,  is  an  oxidized  compound  organic 
idical,  acting  as  a  base,  capable,  under  favourable  circum- 
:ances,  of  being  transferred  to  other  acids.  In  the  other 
;t,  the  matter  producing  the  change  does  not  contain  a 
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compound  radical,  capable  by  ozidati<m  of  acting 
base,  and  transrerrabte  to  other  acida. 

Gf  Adds  modified  bg  Vhion  with  an  OskHxed  Comi 
Radical, 

5390.  Acids  of  this  set,  len  formed  of  a  moDolMie 
acid,  require  for  existence  i  >  at<  >ins  of  acid  and  two  atou 
of  base.  Oneof  the  acid  is  must  be  in  union  wtdlk 
oxidized  radical,  the  other  union  with  an  atom  of  hm 
water,  or  some  other  oxide  ig  as  a  base.  Hence, » 
already  suggested  in  the  o  suh^rinic  acid  (3068^ 

SQch  compounds  ma^  be  vie  as  douUe  salts  of  an  oa 
dized  radical  and  oxide  of  bydr  ;en,  so  that,  agrceabtj  is 
the  language  of  Graham,  sulp  >/iDic  acid  is  a  ^Iplule  d 
ether  and  water.  But  this  d  i  not  explain  the  fuct,  iht 
a  ttautral  compound  of  tl  and  oxidized  radical  canaet 

be  made.  Hence,  lot  v  r,  presented  by  the  saoi 
author,  seems  to  re      isfactory,  agreeably  to  iriiidh 

the  two  atoms  of  b<  :t       one  bibasic  acid,*  of  con* 

isomeric  with  that  ot  i  it  has  been  formetl.    This  n- 

tionale  seems  to  derive  strength  from  the  lact,  tha.t  tm 
atom  of  tartaric  acid  in  tartroTinic  acid,  performs  the  put 
of  two  of  solpburic  acid  in  sulpbovinic  acid,  agreeaUy  to 
the  usual  idea. 

5291.  In  the  other  set  of  modified  acids,  the  organtt 
matter  does  not  appear  to  be  in  a  basic  state,  not  being  an 
oxide  of  a  compound  radical,  nor  capable  ot~  scparalioa 
without  decomposition. 

5292.  In  three  of  the  acids  belonging  to  the  iir?t  <et 
(sulphovinic,  phosphovinic,  arseniovinic  acid),  ithvl,  beii^ 
the  princi^l  radical,  is  united  to  an  inorganic  aci<j. 

5293.  There  are  other  instance?,  as  in  thai  ot"  eiilpli* 
methylic  acid,  in  which  the  oxide  jf  a  compound  radial 
plays  the  same  part  in  combination  with  a  double  atom  of 
sulphuric  acid,  that  the  oxide  of  ethyl  plays  in  tho  ihrK 
acids  above  mentioned.  Also  in  tartrovinic.  oxalovinic 
and  camphovinic  acid,  one  atom  of  tartaric,  oxaric,  or 
camphoric  acid,  performs  the  office  of  a  doulilc  alom  of 
sulphuric,  arsenic,  or  phosphoric  acid,  in  tlio  iiimlogou< 
compounds  arising  from  their  association  nitli  the  sasx 
oxidized  radical    Other  acids  exist,  having  a  tjimiiar  coQ- 
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tution  to  those  last  mentioned,  and  that  there  will  be 
my  more  produced  hereafter,  there  is  much  "Reason  to 
ppose, 

5294.  In  the  second  set,  there  are  several  which  are  as- 
ibed  to  an  union  of  hyposulphuric  acid  with  carbon,  hy- 
3gen,  and  water;  as,  for  instance, 

^thionic  C  acid  consisting  of  i  +  O  H*  O 

jrposulpho-naphthalic  <   S^  O^  hyposulphu-    >  +  C"  H® 
^posulpho-benzoic      ^  ric  acid  j  +  C^H^O* 

5295.  Other  acids  consist  of  the  elements  of  some  defi- 
Le  organic  compound,  such  as  sugar  or  indigo,  so  united 

an  acid  as  to  form,  with  bases,  crystalline  compounds; 
lich,  besides  the  peculiarity  of  their  crystaUine  forn^ 
ve  a  solubility  altogether  wanting  in  the  salts  generated, 
r  se,  by  the  acid  with  which  they  are  formed.  This  de- 
ription  is  intended  for  sulpho-saccharic  acid,  and  hypo- 
Ipho-indigotic  acid;  one  created  by  the  union  of  indigo 
th  hyposulphuric  acid,  the  other  by  the  union  of  sugar 
th  sulphuric  acid. 

5296.  Analogous  to  the  former  of  these  acids,  a  new 
id  has  been  created,  by  the  reaction  between  sulphuric 
id  and  acetic  acid,  of  which  the  formula,  represented 

C*  H^  O*  +  S"  O^,  makes  it  a  compound  of  hyposul- 
urous  acid;  but  Berzelius  suggests  that  the  same  ulti- 
ite  elements,  in  a  diflerent  order,  would  give  C*  ^*  O 
2S(y;*  and  that  the  formula  thus  made  out,  being  di- 
ied  by  two,  would  give  C^  WO  +  S(y.  This  would  make 
a  sulphated  oxide  of  elayl,  of  olefiant  gas  in  other  words 
095).t 

Of  Sulphovinic  Acid,  or  the  Sulphate  of  Ether ^  and  Water, 

5297.  Of  the  acids  above  described,  of  the  first  class,  I  shall  here  treat 
sulphovinic  acid  only.  While  the  limits  prescribed  to  a  text-book  do  not 
3w  mc  to  do  more,  the  importance  of  this  acid,  arising  from  the  part 
lich  it  performs  in  the  production  of  ethers,  and  the  expediency  of  select- 
;  it  as  an  exemplification  of  the  set  to  which  it  belongs,  renders  it  pro- 
r  that  1  should  add  something  to  the  notice  ahready  taken  of  it  under  the 
id  of  ethyl  (3060). 

5298.  Sulphovinic  acid  is  produced  by  heating,  to  the  boiling  point  of  the 
Hiking  mixture,  or  about  280°,  equal  weights  of  concentrated  sulpharic 
d  and  alcohol  of  from  830°  to  850*;  or  by  saturating  sulphuric  acid  with 
\  vapour  of  ether,  and  adding  water  afler  some  hours  have  elapsed.     Id 

Report  on  Chemistry  for  1841. 

It  also  containi  the  elementf  of  a  bydrated  bifolphat*  of  the  oxide  of  aeetyl, 
HK> -f  aSO*  +  HO.  • 
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kUbtt  ou6t  the  rMohiDg  liquid  ia  to  be  Mtnmted  wi  de  of .  ^ 

liCi^  at  baiTti.     Prom  the  nmlEing!  Milphoviniles,  the  std|»hoviaiciril 
nwy  bs  libented  by  adding  enough  add  to  Mturaic  thu  iaorgnnk:  bai 
in  tba  caM  of  that  fbrnied  with  lead,  by  precipitaiiag  this  metal  by  a 
in&  add  (699). 

'    6SW.  It  hu  been  mentioned  that  sulphovinic  acid  is  oquivftlml  t* 
Ua  iulpbate  of  ether  and  water;  but  that  the  two  atoms  of  aii'  ' 
act  like  one  atom  of  a  peculiar  bibosic  acid,  iaraneric  with  sul 
aJDCS  it  caaoot  be  obtained  as  a  neutral  compound,  consisting  of  a 
of  tolide  of  ethyl  and  one  of  anhydrous  aulphoric  acid.     The  hew 
IrioB,  beietofbra  cooaidered  as  a  neutral  hydrated  sulphate  of  eiber' 
IbeoiideoTethyl,  isDow  viewed  as  a  double  sulphnic  of  dheraftd 
«lr  atberale  agreeaUy  to  a  new  name  eaifioyed  aj  Liebig. 

UOO.  Aay  atrooger  baae  presented  to  sulphovinic  acid  takes  the  fherfl 
the  water,  as  in  other  caaea  wbeie  tufaeuc  acids  are  in  union  with  aa  M] 
oT  water  and  an  atom  of  another  base;  but  the  acid  in  qucsiton  i 

oAat  faibeaiD  acida  in  tfaiat  that  the  oxidi    i  compound  radical  is 

^abAntBDoeofilBbiba^  property,    ab  soon  aa  the  oxide  oTeibjiiK 
fheed,  the  rooBobaae  chancier  of  the  inmganic  acid  is  resumed. 

n01>  The  adla  fimned  with  aulpbovi  ic  acid  by  the  tcp1ac«tiiMil  af  i 
barin  water,  have  been  known  aa  sulphovinates;  and  so  lon^  as  the  ~^ 
Uh^  add  fa  ifefaateafale,  it  will  be  prreferaUe  to  adhere  to  Ibu  nam^ 

SIQII.  Ona  oTtbe  Ooat  nmariiable  traits  of  the  sulpborioKies,  is  ilttM 
htbili^  wbidi  pieventa  the  detection  of  aulphuric  add,  even  by  aolatkliP 

wNMti  In  the  nanal  proceaa  for  producing  the  organic  oxadd  acidiAalk 
^  their  distillation  with  aloobol  and  sulphuric  acid,  ii  a  probaUelhaltli 
Jnmatwn  of  aulphevfaue  arid  ia  a  prehminary  effect  (30:^).  Bot  wfacetli 
agiibira'iaaal^jeeled.to  beat,  the  onanic  acid  and  o»ide  of  ethyl.  buJMgg 
{Meat  to  form  a  volatile  compouni^  go  off  in  union,  while  the  w£UmW 
tween  the  wster  and  sulphuric  acid  cooperates  (o  expel  ihctn.  It  i*fa*_ 
fore,  a  case  of  double  elective  affinity,  aided  by  ihe  vaporiziog  inlh 
ealoric. 

6804.  It  was  upon  this  view  of  the  subject,  thni  Messrs.  Boy^  and  Bm 
were  enabled  to  foresee  the  production  of  ihe  wonderfully  exploai\«  perdl^ 
nc  ether,  by  distilling  perchlorate  of  baryta  with  the  snlphovioalesf  4i 
same  base. 

Of  Sueeinie  Acid- 

ftSOS.  When  amber  is  exposed  to  bent  in  an  alembic,  succinic  tdi  a 
sublimed  in  cryatals,  much  contaminated  by  the  CB^'miial  oil  of  nmben  If 
digertion  in  nitric  acid,  evaporation  to  dryness,  washing  i"  ' 

-sequent  solution  in  boiling  water,  and  finally  by  crystall 
obtained  pure.     When  combined  with  any  of  (he  alkalies,  it  is  useMisi*' 
parating  the  sesquioxide  of  iron  from  the  oxide  of  mHnjninese. 

6306.  Succinic  acid  has  a  sour  taste,  and  rcddtnR  litmus  paper.  T^ 
formula  of  this  acid,  in  the  hydrated  slate,  ia  C*  H'  O*  +  HO,  bnng  Am 
the  formula  monobasic.     The  formula  of  the  sublimed  acid  isOH'O^ 

OfBmioie  Acid,  C»  H>  O*  +  HO. 

6307<  From  tbe  formula  it  must  be  evident  thai  this  ia  a  monobaMcadi 

containiDg  one  atom  of  oxygen  more  than  the  compound  radical,  beaaik 

O  H*  O*  (SOBS):  alao,  that  repladng  an  atom  of  oxygon  by  ooe  </ 1?-. 
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>geQ,  must  convert  it  iato  the  hydruret  of  that  radical,  C'^  IP  C  +  H 
i  20).     The  symbol  of  this  acid  is  Bz. 

5308.  Benzoic  acid  exists  ready  formed  in  the  resinous  product  of  vege- 
ion  improperly  called  gum  benzoin,  from  which  it  may  be  extricated  by 
i  following  process: — Spread  a  pound  of  the  benzoin  over  the  bottom  of  a 
it  iron  pot,  of  eight  or  nine  inches  in  diameter  and  of  about  two  inches  in 
[Mh,  the  mouth  of  the  pot  being  covered  by  filtering  paper  secured  to  the 
m  by  paste.  Thus  covered,  the  pot  is  to  have  a  canopy  of  coarse  pack- 
l  paper  fitted  to  it,  like  a  cap,  and  secured  by  a  bandage  of  wire.  The 
t,  thus  charged  and  prepared,  is  to  be  subjected  to  a  sand  bath  for  three 
(bur  hours.  Under  these  circumstances,  the  cavity,  included  between  the 
vet  and  cap,  becomes  studded  with  crystals  of  benzoic  acid,  quite  fwb 
itn  the  black  cmpyrcumatic  oil  with  which  they  arc  liable  to  be  soiled, 
icn  sublimed  without  the  interposition  of  the  paper.  The  acid  thus  extri* 
ted,  amounts  usually  to  about  four  per  cent,  of  the  gum  employed. 

5309.  Benzoic  acid  may  likewise  be  obtained  by  boiling,  in  four  parts  of 
Iter,  equal  parts  of  gum  benzoin  and  hydrate  of  lime,  until  the  liquid  is 
luced  to  |th  of  the  original  volume.  It  is  in  the  next  place  to  be  filtered, 
d  an  addition  made  of  chlorohydric  acid.  Afler  a  second  filtration,  the 
id  separates  io  crystals. 

5310.  It  is  presumed  that  benzoic  acid  exists  in  the  gum  ready  formed, 
i  is  therefore  liable  cither  to  be  sublimed  by  heat,  or  removed  by  its 
ioity  for  lime,  from  which  it  is  expelled  by  the  chlorine  of  the  chlorohy* 
c  acid.* 

531 1.  Properties  of  Benzoic  Acid. — It  crystallizes  in  hexagonal  needles, 
flexible  lamina,*,  white,  pearly  and  translucent.  When  pure  it  is  inodo* 
18,  though  by  being  heated,  it  acquires  a  smell  analogous  to  that  of  ben* 
n.  Although  sweet  and  stimulating  to  the  taste,  it  irritates  the  palate  when 
allowed,  it  reddens  litmus  feebly,  melts  at  248^,  and  sublimes  at  293% 
[>sphoreficing  in  the  dark.  It  boils  at  492.2.  Heated  in  the  air  it  yields 
'cry  acrid  white  vapour,  which  excites  coughing.  It  is  highly  inflamma- 
,  burning  with  a  very  smoky  flame,  leaving  no  residue.  It  is  soluble 
100  parts  of  cold  water,  and  in  25  at  the  temperature  of  ebullition;  va- 
rizing  with  its  aqueous  solvent  when  this  is  distilled  from  it.  For  solution 
B  part  n?quircs  two  parts  either  of  ether  or  alcohol. 

5312.  Peroxide  of  iron  precipitates  in  the  form  of  an  insoluble  subben- 
ite,  of  a  reddish  white  or  bulf  colour,  when  a  soluble  benzoate  is  added 
a  solution  of  poroxidf;  of  iron,  previously  neutralized  by  ammonia  with- 
t  any  consequent  prf'cipitation.  Hence  benzoate  of  ammonia  serves  to 
larate  the  sesquioxidc  of  iron  from  the  oxides  of  manganese,  nickel,  or 
ic ;  when  the  solution  contains  neither  alumina,  yttria,  zirconia,  nor  glu- 
la;  of  either  of  which  the  oxides  would  be  simultaneously  precipitated  if 
menu    Graham,  K5I. 

Of  Hippuric  Acid,     C"  H»  N«  0»  +  HO. 

5913.  Hippuric.  acid  is  found  in  the  urine  of  herbiverous  mammalia. 
ebig  supposes  that  it  is  probably  derived  from  food,  in  which  it  pre-exists; 

*  M.  Jthn  has  remarked  that  when  the  sawdnst  of  gaitcam  wood  (liflpn™  Tit«)  is 
■tod  with  a  toluiinn  of  carbonate  of  soda,  sulphuric  acid  added,  the  liquid  and  th# 
lin  which  prrcipitates  is  washed,  dried,  and  subiected  to  heat  in  an  appropriate  ap* 
rmtos,  a  small  quantity  of  sublimed  benzoic  acid  is  obtained.  Berzelius  Report, 
It,  106.  This  justifies  an  inference  made  by  Guiboort,  that  the  cryftalline  parti- 
m  obMnrable  in  the  bark  of  the  wood  in  qneation,  mif  ht  be  beasoio  acid. 
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ainoe  it  aboands  in  the  urine  of  horses  fed  with  f  Uesblnlii 

of  the  same  animals  fed  with  hay,  or  other  dried  fegetatite 
placed  by  benzoic  acid. 

-  5814.  The  preparation  of  hippuric  acid  is  eflfected  by  ei  ^ 
fiesfa  urine  of  tne  horse  or  cow,  at  a  temperature  carefully  kcnt 
of  ebullition,  adding  sufficient  chlorohydric  acid  to  render  it 
add,  and  subsequently  allowing  it  repose.    By  these 
coloored  hippuric  acid  separates  in  ciystals.    It  may  be 
pegnation  with  chlorine,  or  by  the  addition  of  chlorohydric 
log  salt,  until  the  smell  and  discoloration  are  removed. 

o815.  Hippuric  acid  reddens  litmus,  crystallizes  in  larse  iSmr^iM 
parent  prisms,  susceptible  of  fusion,  without  loss  of  wei^it,  into 
nous  Kquid  which  yields  crystals  on  cooling.    At  temperatu 
its  point  of  fusion,  it  may  be  decomposed  into  hexaoic  add  and 
of  ammonia,  which  may  be  distilled  and  condensed  in  red  drope» 
with  an  oily  product  having  an  agreeable  odour  resembling  that  oT 
tonica  bean.    Towards  the  end  of  the  distillation,  cyanhydric  m" 
over,  leaving  a  porous  residue  of  carbon.  Hippuric  acid  requiras 
of  coM  water  ibr  its  solution,  but  is  very  soluble  in  hot  water,  and 
ap  in  alcohol.    In  ether  it  is  but  slightly  soluble.    Concentraled 
acid  dissolves  hippuric  acid  without  discoloration ;  but  at  a  higher 
rature  the  solution  blackens,  evolving  sulphurous  acid,  and  a 
benzoic  acid.  By  nitric  acid  it  is  transformed  into  benzoic  add.  In 
hydric  add  it  dissolves  without  alteration.    Peroxide  of 
aolphuric  add,  aided  by  heat,  convert  it  into  carbonic  add, 
benzdc  add.   Boiled  in  water  with  the  puce  oxide  of  lead,  it  is 
into  the  amiduret  of  benzule,  or  benzamide  and  carbonic  acid* 
with  (bur  times  its  wdght  of  slaked  lime,  this  acid  b  converted  i 
nia  and  a  volatile  oil  called  benzole,  with  a  greyish  redduom. 
'    5816.  When  the  urine  of  the  horse  is  left  to  itself  for  a  long 
exposed  to  a  rapid  evaporation,  only  benzoic  acid  is  found  therein.    Ukm 
combination  with  ammonia  or  soda  that  this  acid  exists  in  urine. 

5317.  Of  the  Hippurates. — The  combinations  of  hippuric  acid  wtt^ 
oxides  of  metals  proper,  excepting  iron,  being  more  soluble  in  water  fdaa 
boiling  than  when  cold,  may  be  obtained  in  crystals,  from  an  aqueous  9> 
lution  made  at  the  temperature  of  ebullition,  and  subsequently  coded.  Bf 
reaction  with  the  hydrates  of  potash  or  lime,  the  hypurates  yield  amnr^"^ 
and  an  oily  liquid,  probably  benzole. 

6318.  Of  Formobenzvlic  Acid,  Bz  H«  2H0«  +  HO— This  add 
sists  of  formic  acid  and  the  hydniret  of  benziile,  being  created  duriagAi 
reaction  of  chlorohydric  acid  with  the  distilled  water  of  bitter  aloMfc 
comprising,  of  course,  the  hydruret  and  cyanhydric  acid  (3055).  T¥i 
cyanhydric  acid  is  decomposed  into  ammonia  and  formic  acid.  WithtMi 
acid,  while  nascent,  the  hydruret  combines. 

5319.  Formobenzulic  acid,  thus  obtained,  is  in  the  state  of  pulvornkit 
white  crystals,  fusible  into  an  oily  liquid  at  the  expense  of  the  waterofayt" 
tallization,  and  capable,  when  aided  by  heat,  of  decomposing  the  aoelain^ 
carbonates,  and  benzoates.  Its  aqueous  solution,  when  submitted  to  cU^ 
rine,  to  nitric  acid,  or  to  peroxide  of  manganese  with  diluted  sulphuric  adi 
is  resolved  into  carbonic  acid,  and  the  hydruret  which  forms  its  cban^ 
teristic  ingredient.  It  has  the  same  capacity  of  saturation  as  ibrmic  acii 
Of  course  it  is  a  monobasic  acid. 
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OF  THE  ACID  OILS  OF  SPIREA  ULMARIA  AND  OAULTHERIA. 

5320.  As  the  results  obtained  by  Mr.  Procter,  Jr.,  respecting  the  analogy 
r  identity  of  the  oils  of  gaultheria  and  spirea  ulmaria,  must  create  a  desire 
3  be  acquainted  with  both,  I  have  abstracted,  with  some  changes  in  the 
tyle,  from  Gregory's  translation  of  Liebig,  so  much  as  relates  to  saliculous 
cid,  and  have  subjoined  some  quotations  from  Procter's  memoir.  I  have 
lot  thought  it  necessary  to  alter  the  names  employed  by  Gregory.  Yet 
ftlicyl  might  be  considered  as  a  compound  halogen  body,  combining  with 
lydrogen,  like  cyanogen  in  cyanhydric  acid,  in  which  case,  consistently, 
SB  name  would  be  salicohydric  acid.  Of  course  this  acid,  in  combining 
rith  oxybases,  would  have  to  be  considered  as  generating  salicides  of  their 
adicats  respectively.  Were  this  mode  of  contemplating  the  subject  admis- 
iblc,  the  atom  of  hydrogon  which  forms  the  radical  in  salicohydric  acid» 
nust  be  supposed  to  be  converted  into  water  by  uniting  with  an  equivalent 
if  oxygen  from  the  oxybase  of  any  radical  with  which  it  may  combine.  It 
nust,  however,  be  evidont,  that  the  adoption  of  these  innovations  in  nomen- 
iaturc  would  Ix)  attended  by  great  practical  inconvenience  from  the  conse- 
[uent  multiplication  of  disi^onlant  names.  And  were  it  otherwise,  I  should 
lot  deem  it  judicious  to  make  the  suggested  changes,  because  our  know- 
edge  of  such  compound  radicals  as  salicyl,  and  of  the  state  in  which  they 
ixlst  in  their  alleged  combinations,  is  altogether  hypothetical  and  insuscep- 
ible  of  any  conclusive  proof.  Salicylous  acid  may  be  viewed  as  a  hydrated 
«acid,  C"  H»  O'  +  IK)  (3063,  5343). 

Of  Salicylous  or  Saliculous  Acid,  also  called  the  Hydruret  of  Salicyl^ 
bvt  more  properly  considered  as  Salicohydric  Acid^  C**  H*  O*  +  H. 

5321.  This  acid  was  first  discovered  by  Pagenstecher  in  the  volatile  oil 
>f  spiral  ulmaria;  by  Piria  as  a  product  of  the  decomposition  of  salicine, 
Hrho  ascertained  its  nature  and  com|)osition. 

5322.  To  obtain  it,  the  oil  of  spinea  is  distilled  with  an  aqueous  solution 
>r  potash  in  excess  as  long  as  any  oil  distils.  The  residue,  a  solution  of 
aliculite  of  potash,  is  supersaturated  with  dilute  sulphuric  acid,  and  again 
iistilted,  when  saliculon.s  acid  comes  over  with  the  vapour  of  water.  Or, 
according  to  Piria,  a  mixture  of  one  part  of  salicine,  one  part  bichromate  of 
potash,  two  and  a  hjiif  ol'  oil  of  vitriol,  and  twenty  of  water,  is  to  be  subjected 
to  distillation.  The  salicine  being  dissolved  in  part  of  the  water,  and  the 
icid  diluted  with  the  n'st,  the  whole  materials  are  mixed  in  a  retort,  when 
beat  is  excited  with  a  gentk;  eirerv(>scence.  When  this  ceases,  the  distilla- 
ion  should  be  comnunred.  Half  a  pound  of  salicine  yields  about  two 
winces  of  saliculous  acid.  In  both  processes  the  distilled  liquid  contains 
laliculous  acid,  which  soparatos  from  the  water.  It  is  purified  by  washing 
Mrith  water  and  rc<:titication  with  chloride  of  calcium. 

5323.  It  is  a  coloiirlivs  or  pale  yellow,  oily,  inflammable  liquid;  sp.  gr. 
1.1731,  which  boils  at  370^,  or,  according  to  Piria,  at  380°,  and  congeals 
at  —4®.  It  has  a  burning  taste,  and  a  pleasant  aromatic  odour;  is  some- 
what soluble  in  water,  and  mixes,  in  all  proportions,  with  alcohol  and  ether. 
Its  solution  first  reddens,  then  bleaches  litmus.  It  is  decomposed  by  con- 
oeotratcd  sulphuric  acid.  When  placed  in  contact  with  chlorine  or  bro- 
mine, one  eq.  hydrogon  is  removed,  which,  with  those  elements  severally, 
ferms  chlorohydric  or  bromohydric  acids;  and  is  replaced  by  one  eq.  chlo- 
rine or  bromine,  producing  chlorosaliculic,  or  bromosaliculic  acid.  Salicu- 
lous acid,  treated  with  an  excess  of  hydrate  of  potash,  evolves  liydrogen 
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ma,  while  saliculic  acid  is  rormed.    Sallculous  acid  likewiM  ^Kspfi^  I 
dfogen  by  reaction  wilh  [wlassium,  forming  saliculilc  of  potiulk 

bStH.  Salicuiout  Aeid  with  Bages. — Snlicubiis  acid  combiDei  f<l» 
lallic  oxides,  lis  basic  water  bfiiog  replaced  by  one  eq-  meiallk  owfr.  Si 
resulljag  fixed  alkaline  and  ammoniacal  saliculiles  are  soluble^  udo^ 
of  an  alkaline  reaction.  The  resl  are  insoluble.  Moal  of  iLniiW!* 
low,  and  conlain  waler  of  crystallization.  A  solution  of  ihe  aoJataW 
Iho  salts  of  peroxide  of  iron  of  an  cvanesceni  purple  colour.  InwW* 
capper  it  produces  a  green  precipitate-  Saliculous  acid  in  sepanrffci 
the  saliculiles  by  tbe  stronger  acids. 

S335.  SalieaJile  of  Ammonia,  or  saUcide  of  ai 

mass,  is  prepared  by  adding  coucentraied  liquid  an .^ . 

It  is  without  taste,  having  a  faiol  odour  of  roses;  sparingly  doluWi^ 
out  change  of  colour,  io  cold  water  and  alcohol;  more  rcmdily  d>M:iiJ^ 
hot  alcohol.  By  the  cooling  of  a  saluraled  solution,  Iranspnrrai  paW^I 
needles  are  obtained.  Il  is  spontaneously  decomposed  if  kqit  ii»iii;*| 
coming  black,  semi-fluid,  and  exhaling  ammonia  with  a  prtirlmling  «J*| 
rosee-  Dry  saliculous  acid  readily  absorbs  dry  ammonia;  end  tl««*i 
pound,  according  to  Ettl  in  g,  contains  three  atoms  of  (he  acid  Dodtwova 
of  ammonia. 

S33S.  Saliculamide. — If  one  measure  of  saliculous  acid  be  dianMl 
three  of  alcohol,  and  ammonia  added  by  successive  drops,  the  liquid  fl 
creies  into  a  solid  mass  of  fine  yellow  needles.  With  tbo  aid  of  a  inodM 
heat  these  crystals  dissolve;  and  (he  solution,  by  repose,  deposits  gcM 
yollow,  brilliant,  transparent  prisms,  which,  when  dry,  arc  hard  gpd  | 
verizable.  Here  three  atoms  of  iho  acid  (or  one  alcm  considcm]  Mtl 
basic  acid)  ara  acted  on  by  Iwo  of  ammonia,  six  atoms  of  water  baiif  dl 
nsFed.  The  alcoholic  liquid  in  which  these  crystals  have  Immi  (onnt, 
DO  longer  able,  even  at  a  boiling  heat,  to  dissolve  them.  Tliey  now  nqi 
a  threefold  quantity  of  alcohol.  This  would  indicate,  that  al  6ni  «liai 
of  ammonia  is  formed,  which,  by  a  longer  contact  with  ammooMWM 
slow  separation  of  iho  crystals,  passes  inio  saliculamide.  This  boirll^ 
composed  by  a  hii;h  lempernturc.  Ilcal':il  ivith  acids  and  jilkaiin.n* 
solved  into  saliculous  acid  and  ammonia.  It  is  insoluble  in  waia.  P 
muta,C«H"0»N'. 

5327.  Saliculite  of  Poliuh ;  iVfufro?.— This  is  beal  obtained  bvidi 
saliculous  acid  to  a  warm  solution  of  pfitnsh  in  alcohol,  and  aHoinigi 
whole  Io  cool,  when  the  salt  scparnlcs  almost  pure  in  tbe  form  of  fourfli 
pearly  tables,  nearly  colourless,  very  soluble  in  water,  spontaneously  dea 
posed  by  exposure  (o  the  air  in  a  moist  slate.  It  contains  water  of  crTM 
zation,  which  is  expelled  by  a  heat  of  3  la".  Formula,  2(C'*  H'O^+JJq 
If  the  neutral  salt  be  dissolved  in  hot  alcohol,  and  saliculous  acid  adtM. 
acid  salt  is  deposited,  on  cooling,  in  yellowish-white,  long,  hue,  and  IhA 
needles.  When  dry  it  becomes  yellow  at  a  temperature  of  2-10°.  Wi 
decomposes  il  into  a  neutral  salt,  and  saliculous  acid,  which  separaHh 

6328.  Saliculiles  of  Soda,  Lime,  Baryta,  and  Maenetia,  tmj 
formed  directly.  They  have  the  properties  of  the  potash  salt.  The  m 
soda  contains  two  atoms  of  water  of  crystallizaiion,  removable  by  a  hM 
230°.  There  is  likewise  an  acid  salt  of  soda  in  fine  shining  needlea.  I 
liculite  of  copper  is  anhydrous  and  green.  The  salts  of  zinc  and  ama 
are  yellow  and  insoluble. 

6329.  Bogie  Saliculite  of  Ltad. — Saliculous  acid  beiag  diMolMd 
dilute  alcohol,  and  acetate  of  lead  added  to  the  boiling  solution,  on  coot 
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I  deposited,  and  may  be  separated  by  boiliog  alcohol  from  any  ad- 
id*  It  is  a  lemon-yellow  powder,  which,  when  heated,  froths  up> 
'  water  and  acid  ;  insoluble  in  water.  Its  formula  is  C"  H*  O'  -h 
[f  saliculous  acid  be  added  to  diacetate  of  lead,  a  yellow  powder  of 
composition  is  precipitated. 

Saliculite  of  Silver. — A  solution  of  nitrate  of  silver  causes,  with 
iculite  of  potash,  a  greenish- yellow  precipitate,  which,  when  Iieated, 
J  without  disengagement  of  gas,  the  vessel  being  silvered  by  the 
netal. 

Mclanic  Acid,  C"  H*  O*. — Discovered  by  Piria.  When  salicu- 
tash  is  exposed  to  the  air,  it  acquires  a  green  colour,  which,  after 
3,  becomes  black.  When  no  further  change  is  perceived,  the  sa- 
cid  is  completely  converted  into  acetic  acid  and  a  black  powder, 
c  acid  thus  formed  is  in  the  exact  proportion  to  combine  with  all 
ti  contained  in  the  original  salt.  The  black  powder  possesses  acid 
\,  and  unites  with  bases;  from  which  circumstance  it  has  reoeiYed 

Three  equivalents  of  oxygen  and  two  of  water  unite  with  one  atom 
[ite  of  potash,  and  convert  its  acid  into  one  equivalent  of  aoetic, 
equivalent  of  mclanic  acid. 

Saliculic  Acid,  C»*  li*  0»  +  HO.— Discorered  by  Piria.  Thii 
rnerated  by  heating  saliculous  acid  with  caustic  potash.  The  mix* 
-St  assumes  a  brown  colour,  but  the  heat  must  be  continued  until  k 
r  white.  At  this  time  hydrogeq  is  disengaged.  Tlie  residue  is  to 
ed  in  water  and  treated  with  a  mineral  acid,  which  separates  the 
icid.  In  onJcr  to  obtain  it  pure  it  must  be  repeatedly  crystalliBed. 
acid  is  likewise  formed,  when  coumarin  (stearopten  of  the  Tonka 
reatcd  with  potash  in  a  similar  manner. 

Saliculic  ncid  sublimes  without  decomposition,  and  may  be  thus 
in  the  form  of  long  crystalline  needles,  very  similar  in  their  ap- 
to  benzoic  acid.     It  crystallizes  from  water  in  fine  tufts.     This 

w 

)lvt*s  with  didiculty  in  cold  water,  but  very  easily  both  in  hot 
1  in  alcohol.     Sulphuric  acid  decomposes  it  when  they  are  heated 

The  salts  of  this  acid  have  been  little  examined.  The  saliculate 
s  insoluble  in  water. 

Chlorosal iridic  Acid,  also  called  chloride  of  salicyl,  chloride  of 
Dry  chloriij^^  ^ns  is  passed  through  anhydrous  saliculous  acid  as 
Morohydric  acid  is  diseniraged.  On  cooling,  the  compound  be- 
lid  and  crystalline.  It  may  be  purified  by  crystallization  from  a 
Dlic  solutioti,  which  deposits  it,  on  cooling,  in  the  form  of  pale  yel- 
|ue,  rhombic  tables,  of  a  |^arly  lustre,  having  a  peculiar  aromatic 
d  the  capability  of  U^ing  sublimed  without  alteration.  It  is  inflam- 
irns  with  a  frre<'n  tlamo,  is  insoluble  in  water,  but  soluble  in  alco- 
ther.  It  comhines  with  alkalies,  and  may  be  separated  from  them 
d  by  acids.  An  alcoholic  solution  gives  with  acetate  of  copper  a 
yellow,  and  with  acetate  of  lead  a  yellow  precipitate.  Persalts  of 
tinged  by  it  of  a  dark  blue.  When  heated  with  potassium,  it  is 
ed  with  heat  and  light.  Ammoniacal  gas  converts  it  into  chloro- 
de. 

This  chloracid  is  distinguished  from  all  analogous  compounds  of 
with  compound  radicals,  by  its  powerof  combining  with  bases,  and 
ig  the  action  of  those  bodies.    It  forms  with  naekallic  oxides  pecu- 
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liar  aaltSy  in  which  one  atom  of  chlorosaliculic  add  ii  o    ibiari 

alom  of  metallic  oxide,  supposing  the  oxygen  andchkurioeiodnngii 

00  that  they  may  be  considered  as  compounds  of  saiiculic  acid  vin  i 

chlorides,  C^«  H*  0«  +  MCI,  like  the  compounds  of  the 

with  alkalies  or  metallic  chlorides.    Formula  of  chioroaalioiiie 

H'OO. 

6388*  Ckloramiliculimide. — ^Formed  by  the  actioir  of 
preceding  compound.    Dry  ammonia  is  passed  over  chloi 
a  proper  apparatus  as  long  as  water  is  formed.    The  new  su 
behind  in  a  state  of  purity.    It  forms  a  solid  deep  yellow 
eoM  water,  decomposed  by  hot  water,  acids,  and  alkalies,  with  Iba 
tion'of  ammonia  and  chlorosaliculic  acid.    Three  atoms  of 
acid  with  two  of  ammonia,  produce  six  atoms  of  water  and 
cUcmsaliculimide,  C«  H"  0»»  Cl»  +  N«  H»  =.  C*«  H"  a»  N*  0»+ 

6880.  It  hence  appears  to  be  saliculimide,  in  which  three  aloHiaf 
dn^gen  are  replaced  by  three  atoms  of  chlorine. 

5840.  BramoaaUeulic  iicu^— This  compound,  in  its 
pertiest  and  action  with  anmionia,  is  completely  anaJogoiit  li> 
OBding.  ,.4 

6841.  lodamMeuUe  Acid^ — Saliculous  acid  dissolrea 
qaantity»  without  apparent  decomposition.    But  iodosalioiUB 
obtained  by  distilling  iodide  of  potassium  with  chlorosaliculic 
blimes  in  the  form  m  a  dark-brown  fijsible  mass,  analogous  in 
to  the  two  preceding  compounds. 


5842.  NiiramUietaie  AM,  C  H*  N«  O'^.— Saliculoua  add,  ««|A1 
with  moderately-strong  nitric  acid,  is  converted,  with  diseiisa|ienMl4|Fi^;^ 
trous  acid,  into  a  crystalline  mass  of  nitrosaliculic  add,  whicli  ia  f 
by  washing  with  water,  solution  in  alcohol,  and  crystallizatioii.    1^ 
taneous  evaporation,  the  alcoholic  solution  yields  small  t 
of  a  golden-yellow  odour,  sparingly  soluble  in  water.    The 
the  skin  and  nails  permanently  yellow,  precipitates  the  salts  of  lead 
and  those  of  copper  green.     It  is  inodorous,  but  has  an  acrid  taste, 
cough.     Heated  with  potassium,  it  is  decomposed  with  explosive  i| 
It  combines  with  alkalies  to  form  crystallizable  compounds,  which 
when  dried  and  heated.     Ammonia  colours  the  acid  a  deep  blood-fs'* 
Chloride  of  iron  is  coloured  cherry-red  by  it.     These  compounds  densada 
more  accurate  study. 

5343.  Fuming  nitric  acid  acts  violently  on  saliculous  acid,  produeogt 
volatile  yellow  matter,  and  a  fixed  residue  containing  a  crystallizable  si^ 
stance  not  yet  examined. — Gregory^  8  Translation  from  Liehig. 

Of  the  Acids  from  the  Oil  of  Gaulthcria* 

5344.  From  the  observations  and  experiments  of  Jfr. 
Procter,  Jr.,  published  in  the  American  Journal  of  PIlM* 

*  "Oil  of  GauJtkeria  Procumbens. — This  volatilo  oil  in  extensively  used  bf  iht 
pharmaceutists  of  this  country  to  flavour  syrups,  etc.  Most  of  the  oil  used  iatfcil 
city  is  obtained  from  distillers  residing  in  New  Jersey,  in  which  State  the  pW 
yielding  it  grows  in  great  abundance.  As  usually  found  in  the  shops,  it  has  asa 
or  less  intense  red  colour;  but  when  recently  distilled  it  is  colourless,  or  nearif  i 
Its  density,  as  the  result  of  several  careful  observations,  i.4  1.173,  and  its  boilinf  pM 
412°,  Fahr.;  the  mercury  remaining  stationary  at  that  point,  its  taste  is  bunutf 
and  aromatic;  it  ii  alightly  soluble  m  water,  to  which  it  communicatet  ita  odoor  aM 
taate ;  and  it  mizef  with  alcohol  and  ethor  in  all  proportiona.** — ProcUr,  p«fa  211 
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lacy  for  October  last  (1842),  it  appears  that  there  is  a 
real  resemblaQce  between  the  habitudes  of  oil  of  gaul- 
leria,  and  that  from  spinea  ulmaria,  described  above  as 
blIicuIous  acid.  It  appears  either  that  salycyl  exists  in 
le  oil  of  gaultheria,  and  is  productive  of  compounds  re- 
embling  those  produced  by  like  reactions  with  the  oil  of 
pirea  uJmaria;  or  that  another  compound  radical  exists 
1  the  oil  of  gaultheria,  which  has  a  close  analogy  in  pro- 
erties  to  salycyK 

&345.  I  will  here  quote  the  account  given  by  Mr.  Proc- 
3Tj  Jr.9  in  which  the  habitudes  of  the  two  oils  in  question 
re  contrasted. 

1^346.  Mr.  Procter  premises  in  the  following  words: — "For  several 
ears  past  it  has  been  supposed*  that  the  volatile  oil  of  the  gaultheria  pro- 
iimbensv  ather  from  the  analogy  of  their  odour  or  specific  gravity,  pos- 
Baaed  similar  properties  with  the  oil  of  spirsea  ulmaria,  without  any  steps 
WLwin^  been  taken  to  ascertain  the  correctness  of  the  supposition.  The  ob- 
H^aUoos  which  follow  are  intended  to  throw  light  on  this  subject*  The 
bamical  characteristics  of  oil  of  gaultheria  have  been  found,  in  many  in- 
ancfti,  to  accord  with  those  described  as  peculiar  to  saliculous  acid,  yet 
BTend  instances  occur  to  the  contrary. 

5347.  **They  have  the  same  density,  and  the  aqueous  solution  of  each 
oloura  the  persalts  of  iron  purple.  The  compounds  which  potassa,  soda, 
nd  oxide  of  copper  form  with  oil  of  gaultheria,  are  very  like  the  salts  of 
aliculous  acid  with  those  bases. 

5348.  ^*Thc  action  of  an  excess  of  caustic  potassa  with  heat  produces  a 
rystalline  body,  identical  in  all  its  reactions  with  saliculic  acid,  as  described 
y  Piria. 

5349.  "The  compound  of  oil  of  gaultheria  and  potassa,  when  exposed  to 
be  combined  innuence  of  moisture  and  the  atmosphere,  undergoes  a  docom- 
osition  similar  to  that  ofsalicuiitc  of  potassa. 

5350.  "The  reactions  of  chlorine  and  bromine  with  oil  of  gaultheria 
ield  compounds  similar  to  those  with  saliculous  acid;  and  nitric  acid  also 
roduces  results  of  an  analogous  character. 

5351.  "On  the  contrary,  the  boiling  point  of  oil  of  gaultheria  is  many 
egrees  higher  than  that  of  saliculous  acid.  Ammonia  forms  a  compound 
fith  it  which  diifors  from  saliculite  of  ammonia  in  not  being  decomposed  by 
cids  with  the  separation  of  the  oil,  nor  by  potassa  with  the  separation  of 
.mmonia.  All  endeavours  to  form  the  body  called  salicvlimide  by  Liebig, 
rith  the  process  he  gives,  were  ineffectual.  The  compounds  of  baryta  and 
Bad  with  oil  of  gaultheria  an)  white,  while  the  saliculites  of  those  bases  arc 
rellow.  But  the  most  striking  difference  between  these  substances  is,  that 
rheo  oil  of  gaultheria  is  boiled  with  solution  of  potassa,  it  is  not  recovera- 
ble by  means  of  an  acid,  as  saliculous  acid  is.  Under  these  circumstances 
I  crystalline  substance  is  precipitated,  which  is  the  same  acid  that  results 
jpom  beating  the  oil  with  an  excess  of  potassa.^' 

•  Dr.  Wood,  U.  S.  Dispensatory. 
62 
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SSB3.  "  Dro|>ped  into  ■  conoentrBtod  aolnti      9f 
ii  iutantly  aoltdified,  becomes  irhito,  and  ■^lualet  (rom  the  alkklioe  i^ 
ticxi  wbile  beat  ta  duengnged. 

6SS8.  "Oil  of  gBultheria  decomposes  tbecaiVmatm  of  polafls&atidiafa 
gradoBlly,  without  heat;  but  if  gently  wnrmed,  the  evolution  or  cariise 
mai  m  erident. 

&|fi4.  "Chlorioo  asd  bromme,  when  brought  into  contact  with  oil  <( 
nuUberia,  comUne  with  it;  the  mixture  becomea  very  hot,  and  hytetth 
nc  and  hydrobromic  acida  are  erolved.  Iodine  is  dissolved  by  Aiait, 
Ibnniiw  a  deep  red  aolution  wilhout  combining  with  it,  as  heal  '  ' 
tbe  iodine  without  the  production  of  any  hydriodic  acid. 

68Bfi.  Mjfitncacidofdearityl.iO,  aaeutod  by  heat,  .-'inverts oilof pot- 
thcria  into  a  cryitallioe  aubatance  having  acid  propertie-.  »  hllst  aiimusNd 

flunea  are  ortdred.    If  Aiming  nitric  acid  be  empioyed,  i' -■—  -  -^ 

lott,  without  tbe  assistance  of  neat,  and  a  different  produe 

SSM.  "When  oil  of  gaulcheria  is  added  to  concentrated  sulpbi 
the  latter  bSDomes  atightly  coloured,  and,  if  heated,  the  odour  of  ilia  ol  ii 


BtBT.  **Wbenoilofgaultheri&isdiatilled«ithsoliitir.n  of pocasniBic- 
OMi,  die  (Mtted  liqtrid  has  nather  the  odour  nor  taste  ni'  ihc  oil,  tai  c» 
Mmmitiy  its  OOOaliUitioa  difihrsfrnnthatortbeoitoraplrTa  iiimarin,  vludL 
oaoar  the  nine  eircaraalaiicea,  yields  a  volatile  oil  distinct  from  MbcolM 
add,  that  add  mnainii^  ooinhuMd  with  the  potassa." 

5358.  Forfbrther  particulars  respecting  iho  remitttof 
Mr.  Procter's  meritorious  investigatioD,  I  refer  to  hti  bk- 
moir.  I  hope  that  the  brilliaot  success  which  has  attewW 
his  eBbrts,  may  cause  them  to  be  emulated  by  many  of  kfc 
eouDtrymeo.  jp«p| 

OF  URIL, 
Or  Cyanoxalie  Acid. 

SS99.  The  preceding  appellations  have  been  given  to  a  hypothedcal  «• 
binalion  of  carbon,  nitrogen,  and  oxygen,  of  which  llic  rormiila  is  ON^O*, 
and  which  may  be  considered  either  as  a  compound  of  cnrbonic  acid  ■! 
cyanogen,  or  as  resulting  from  the  subslilulion  of  cyan'-'gen  for  one  of  i* 
three  atoma  of  oxygen  in  oxalic  acid.  Thus  ihc  formul-i  of  ilm  latter  le 
C'C,  that  of  uril  will  beC«0»+Cy.  It  may  bo  rem.  i  nbewd  ihaltwa 
crystalJizable  matter  of  the  urine,  haa  been  mcniioncd  os  luring  equiraWlt 
oyanale  of  ammonin,  C»  NO  +  NH'O,  or  more  properly  a  cyansK-rf*" 
oxide  of  ammonium,  this  oxide  comprisini;  the  elements  of  one  atom  of  i* 
monin,  NH',  and  one  of  water,  HO  (1307). 

6860.  This  being  premised,  the  following  formula;  of  the  coml 
uril  will,  it  is  presumed,  be  understood. 


f  1  urea  —  1  uric  acid,  C*"  N»  tl*  0* 
l0'  +  4""  " 


4H0  o  alloxan,  C»  N»  H*  0" 
_    ,   5H0  =  alloxantine,  C'N'H'O" 
1  ammonia  +  2H0  —  uiaroilf  C  N*  H»  0« 
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1^  Uric  Acidj  and  various  Substances  to  which  it  gives  rise* 

Of  Uric  Acid,  C"  H*  0«  N*. 

5361.  As  the  most  frequent  and  abundant  material  in 
irinary  calculi,  uric  acid,  and  the  substances  which  con- 
ritMite  to  its  formation,  or  which  may  be  derived  from  it, 
oerit  the  most  sedulous  attention. 

5362.  This  acid  is  an  ingredient  in  the  urine  of  men, 
md  generally  in  that  of  carnivorous  animals,  forming,  as 
ilreacly  mentioned,  calculi,  depositions  from  urine,  and 
(outy  or  arthritic  concretions.  In  the  state  of  urate  of 
unmonia,  it  constitutes  the  greater  proportion  of  the  ex* 
srement  of  the  boa  constrictor  and  other  serpents;  also  of 
lirds,  more  especially  those  of  the  carnivorous  species.  I 
bund  it  to  abound  in  that  of  a  young  eagle.  An  accumu- 
ation  of  the  excrement  of  certain  aquatic  birds,  containing 
i  large  amount  of  this  acid,  on  some  islands  near  the  coast 
if  Peru  and  Chili,  under  the  name  of  guano,  is  much  used 
IB  manure. 

5363.  I  infer  that  the  best  process  for  obtaining  uric 
icid  is  as  follows : — Boil  the  substance  from  which  it  is  to 
M  extracted  in  a  dilute  solution  of  caustic  potash.  On  al- 
lowing the  decoction  to  cool,  urate  of  potash,  which  is  al- 
most insoluble  in  cold  water,  precipitates,  leaving  some 
impurities  in  solution.  After  being  well  washed  with 
water,  the  urate  thus  separated  is  redissolved  in  a  boiling 
Bolation  of  potash,  next  filtered,  while  hot,  and  afterwards 
added  to  an  excess  of  chlorohydric  acid  maintained  in  a 
state  of  ebullition.  The  uric  acid  which  precipitates,  is 
to  be  rendered  pure  and  white  by  repeated  aqueous  ablu- 
tion. 

5364.  Liebig  recommends,  that  in  extracting  uric  acid 
Grom  excrement,  a  solution  of  borax  be  employed,  as  it 
does  not  take  up  so  large  a  portion  of  the  impurities  as 
caustic  potash. 

5365.  Uric  acid  crystallizes  in  thin  spangles,  with  a  daz- 
zling white  satin  lustre.  It  is  insipid  and  inodorous.  At 
a  bmling  heat  the  crystals  sustain  no  loss  of  water.  It  is 
heavier  than  water,  almost  insoluble  in  that  liquid  when 
cold,  and  but  little  soluble  in  it  when  hot.  The  solution 
feebly  reddens  litmus. 

5366.  When  to  a  well  refrigerated  aqueous  solution  of 


borate  of  widB,  holding  uric  acid  dissolved,  chl 
acid  is  added,  the  unc  acid  precipitatee   in  a 
BtatCi  rorming  a  traospareDt  jelly,  wbicb,  by  a  f< 
.is  couTerted  into  a  crystalline  powder,  consisting  of 
droos  uric  acid. 

5367.  This  acid  is  soluble  ia  concentrated 
acid,  but  separates  on  dilutioD  with  water.     It 
soluble  in  concentrated  chlorobydric  acid   than  ia  |M 
water. 

5368.  Subjected  to  dry  distillation,  it  yields  the 
products  as  urea,  that  is  to  say,  cyanic  acid,  cyantiftt 
cyanhydric  acid,  a  little  carbonate  of  ammonia,  and  i 
brown  and  carbonaceous  residue  very  ricii  in  Ditn^ea. 
During  this  decomposition,  the  hydrated  cyanic  acid  aai 
ammcHiia  unite  in  the  neck  of  the  retort,  forming  urea. 

5369.  In  dilute  nitric  acid,  uric  acid  dissMTes,  wi 
lively  efierrescence,  from  the  escape  of  equal  vtJumet 
earbooic  acid  and  nitrogen,  'the  resulting  solution  on 
tains  alloxan,  allozatio,  urea,  parabanic  acid,  and  aiaa 
ttia. 

5370.  By  the  addition  of  an  excess  of  ammonia,  te 
concentrated  liquid  becomes  purple  red,  from  the 
tion  of  murexide.  Tliis  effect  is  one  of  the  means  of  n> 
eognisinffthe  acid. 

5371.  Fused  with  hydrate  of  potash,  uric  acid  prodoeo, 
with  the  alkali  or  its  metal,  a  carbonate,  a  cyanate, 
cyanide. 

5372.  Subjected  to  boiling  water  witli  the  bioxide  of 
lead,  it  is  resolved  into  allantoin,  oxalic  acid,  and  unt. 
Heated  to  32(>°,  with  a  little  water  in  a  tube  liermeticattf 
sealed,  this  acid  is  dissolved,  without  the  evolution  of  gu> 
forming  a  yellow  transparent  liquid,  wliicli,  on  lowering  lis 
temperature,  assumes  a  gelatinous  appearance. 

5373.  Uric  acid  is  peculiar  in  combiniiig  with  metaic 
oxides,  without  abandoning  water.  The  urates  of  (best- 
kalies  and  alkaline  earths  are  little  soluble  in  cold  wato. 
but  very  soluble  in  this  liquid  when  boilin<2,  the  solobiKlf 
being  augmented  by  an  excess  of  alkali.  Tlie  unM 
formed  with  other  metallic  oxides  and  with  ammonia,  ait 
white  and  insoluble.  All  the  urates  arc  easily  decompi^ 
sable  by  acids,  even  by  the  acetic  acid.  When  first  liW 
rated,  uric  acid  assumes  the  form  of  a  jelly,  which  is  tool 
changed  into  fine  brilliant  spangles. 
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M74«  AlhuUoin  is  a  substance  arising  from  the  urine  of  a  fetus  in  the 
of  a  cow,  and  may  be  obtained  from  the  waters  of  the  allantois  of 
diis  animal,  by  evaporation  and  crystallization.  It  may  be  more  easily 
procured  by  the  following  means: — To  uric  acid,  diffused  through  twenty 

Crts  of  boiling  water,  freshly  prepared,  bioxide  of  lead  is  to  be  added  as 
ng  as  the  colour  is  affected.  The  boiling  liquor  is  to  be  filtered,  and  eva- 
porated until  crystallization  commences.  It  is  then  allowed  to  cool  in  a 
^iesoent  state.  By  this  procedure  the  allantoin  separates  in  crystals,  an 
ondate  of  the  protoxide  of  lead  being  simultaneously  produced. 

5375.  In  order  to  understand  this  process,  the  composition  of  the  mate- 
rials and  products  should  be  remembered.  They  are  as  follows: — Uric 
acid,  C**  H^  N^O^;  bioxide  of  lead,  one  atom  of  protoxide,  one  of  oxygen; 
area,  C*  N«  H*  0«;  allantoin,  C*  N*  H*  O;  oxalic  acid,  C»  0>. 

5376.  Hence,  assuming  that  five  atoms  of  water  are  taken  up,  and  one 
atom  of  oxygen  for  each  of  the  four  atoms  of  bioxide  of  lead,  the  materials 

Two  atoms  of  uric  acid,     -        -         -         C«>  H  ■  N»  O" 

Five  water, H »        O » 

Four  oxygen,  ....  O  ♦ 


The  products  are  two  urea. 
Four  oxalic  acid  in  the  oxalate, 
One  allantoin. 


C»o 

H»» 

N» 

0»> 

c» 
c» 

H» 
H» 

N* 

0« 
0" 
0» 

Qm 

H" 

N» 

0" 

The  protoxide  of  lead  being  in  both  of  the  aggregates,  does  not  affect  the 
result  by  being  omitted  from  both. 

5377.  It  is  from  the  results  of  this  reaction  between  uric  acid  and  bioxide 
of  lead,  that  Licbig  has  inferred  the  existence  of  uril  as  above  mentioned 
(5319). 

5378.  Alloxan,  or  erythric  acid,  is  one  of  the  products  which  have  re- 
sulted from  the  decomi>asition  of  uric  acid.  To  prepare  alloxan,  one  part 
of  uric  acid  is  to  be  added  to  four  of  nitric  acid,  of  a  density  between  1.41 
and  1.5.  As  the  reaction  causes  much  heat  and  effervescence,  the  uric  acid 
should  be  added  in  successive  small  portions.  Little  white  granular  bril- 
liant crystals  are  gradually  formed,  until  the  whole  becomes  one  aggregate 
of  them,  which,  atlcr  being  allowed  to  drain  in  a  glass  funnel,  must  be  dried 
oo  porous  brick,  of  {)orcelain  earth.  By  re-solution  and  re-crystallization, 
the  crystals  of  alloxan,  thus  formed,  will  be  rendered  quite  pure. 

5370.  Alloxan  crystallizes  in  octahedra,  with  rhomboidai  bases,  colour- 
leM,  transparent,  very  brilliant,  and  o(\en  of  an  inch  in  diameter.  They 
are  efflorescent,  losing  25  per  cent,  of  water.  By  a  gentle  heat,  alloxan, 
thus  crystallized,  Ls  rendered  anhydrous.  It  may  be  obtained  in  anhydrous 
crystals,  in  the  form  of  oblique  rhomboidai  prisms,  which  resemble  rhom- 
bcNdal  octahedra  with  truncated  summits,  from  an  aqueous  solution  of  ai- 
lozane  saturated  while  hot.  It  is  very  soluble  in  water,  has  a  nauseous 
smell,  and  a  salt  and  feebly  astringent  taste.  It  reddens  vegetable  colours, 
and  tinges  the  skin  purple.  By  reaction  with  alkalies,  it  is  decomposed  into 
albxanic  acid.    Boiled  with  an  alkali,  it  is  transformed  into  urea  and  mes- 
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1  into  alio:  uretud  hyir^ 

flliloridaortiB,armetaUic  line,  and  chlorooyancaao.  Au  eiamalm 
■ooit  tnunRwnw  il  into  m^comelic  add.  Nitric  add  oonvf^rti  ii  tmff 
banioaoid;  sulphiiticorchlorofaTdricadd  intoalloxaiitiiii  sulphuroui^ 
and  amiiioiiia  into  tbioourate  of  amntonia;  alloxaiidn  ami  immcaa  « 
mumidB.  Subjected,  NmultaneouBly,  to  an  alkali  and  n  raltuf  pmcdi 
of  iron,  U  prodooea  no  iDdigo-blue  liquid.  With  malaUk;  oxulei  ii  m*^ 
oombiM  wttiMMit  decotnpoaition. 

6S60>  AiUawie  add  {EappoKd  aohydroiia),  C*  N*  HO':  i)p>^ 
hj  Ihe  metamorpboaia  of  alloxan  by  cauatic  alkaJic*.  Tlic  nniivdn^Ki' 
oontains  theelemeola  of  half  an  atom  orallaxaa,  miDuaoii'^  atuaiof*^ 

nasi.  MetwUie  add  (hydrated),  C*  0«H  +  4HO;  or  rniler  rO* 
3H0,  ia  (KM  of  the  product*  of  a  soiuiion  of  allozanate  of  boryti <'*^ 
ffi^,  nUi rated  at  n  boiling  beat.  Alao,  when  a  solution  ol*alloi>fltiF^ 
drop  by  drop,  into  a  boiliDgaolutioDofa;etateorkMl,ait'ry  haTf  p** 
lar  meaozalale  of  lead  [Mecipitates,  while  nothing  remaita  iu  ili<»:idli^ 
beridei  the  eiceaa  of  acetate  of  lead  and  pure  urea.  Botli  tliiaundlt'P' 
oediog  acid  may  be  aepaiated  aod  crystallized.     They  an-  poucrl'ul  m^ 

688S.  MyoomtUtde  add,  C"  N>  H"  0<°,  U  fornted  on  aM\i%  laes*  ■ 
of  ammcHlia  to  a  aolution  of  alloxan,  aud  raising  the  miicurv  to  tlir  tatt4l 
wmuL  It  ia  aluMat  insoluble  in  cold  water,  and  ia  throun  down  **  * |^  1 
low  gdatiiKNja  preci[Ktate,  which  becomes  a  yellow  porocs  powder  an  <sf\ 
in^ 

SSSS.  Parahasde  add,  C*  N*  O*  +  2HO,  is  one  of  tlie  prvidueM  rffe 
decompoeilitHi  of  uric  acid  or  alloxan  by  nitric  acid,  ditcovRm]  by  U^ 
and  W<Bbler.  It  ia  prepared  by  dissolving  one  part  ettherr  of  uric  aal  ■ 
alloxan  in  eight  parts  of  nitric  acid  of  ordinary  atreogili,  onpotauagil 
liqtwr  to  B  syrup,  and  allowing  it  to  crystallize. 

IMS4.  It  baa  a  very  sour  taste,  Tesembliug  that  of  oxa)Jc  acid,  and  fin 
dun  tnuMpareot  Bix<«ided  priamBtic  crystals.  It  is  ven*  soluble  ia  aM 
and  does  not  efiloresce;  it  is  in  some  di'grec  volatile. 

5385.  Oxalwie  add,  C  N'  H*  O'  +  HO,  is  formed  on  adding  ^am 
lo  a  boiling  solution  ofparabanic  acid,  or  on  supersaturating  witb  sanHi 
a  Eolution,  recently  prepared,  of  uric  acid  in  nitric  acid,  which  yitUi,t 
evaporation,  crystals  of  oxalurato  of  ammonia.  The  acid,  when  aepaitlB 
is  a  light  brilliant  white  cryslalliae  powder;  its  taste  is  very  sour,  aai 
reddeos  litmus.  Its  aqueous  soliilion  is  decomposed  completely  1^  iM 
tion,  and  resolved  into  oxalic  acid  and  oxalate  of  urea.  It  is  fonned  by  d 
combination  of  the  elenicnts  of  parabanic  acid  with  two  atoms  of  «■■ 
The  crystallized  acid  contains  the  elements  of  two  atoms  of  oxalic  acidH 
of  one  atom  of  urea,  and  may  be  considered  as  uric  acid  in  which  the  id 
is  replaced  by  oxalic  acid. 

5386.  Thioauric  acid,  O  N'  H>  O"  (S»  0>)  +  HO,  is  a  bifaasie  m 
produced  by  the  simultaneous  action  of  sulphurous  acid  and  ammwia  ^ 
alloxan.  Liberated  from  tbionurate  of  lead  by  sulphuretted  lijdiif.ia. 
crystallizes  in  very  thin  needles,  is  persistent  in  air,  very  soluble  in  wafe 
and  has  an  add  taste.    It  t^iotains  the  elements  of  one  atom  of  alloxan)  a 

*  Finding  Grihtm'i  Elemanta  to  conliin  an  abridnnant  oT  the  iccmml  vifial 
Liabig.  of  tbe  compound*,  or  product*,  of  uric  acid,  I  have  nude  ■  free  meat  it,  ai 
inch  change*  in  the  langoaga  ai  to  make  it  my  own.  whore  it  wa*  not  (ocfeM 
■hauld  have  u*ed.  In  aome  caaai  I  have  mule  a  (imilar  lue  of  Kane'i  ElewM 
and  of  Oregorj'a  TraniUtioni  ftnm  Liabig,  eipecialljr  in  the  aeconot  of  wiEe^ 
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lonia,  and  two  atoihs  of  sulphurous  acid.    On  heating  thionuric 
•ms  of  oxygen  of  the  alloxan  reunite  with  two  atoms  of  sul- 
to  form  sulphuric  acid,  while  the  elements  of  urile,  ammonia, 
ombine  and  give  rise  to  uramile. 

amile^  C*  N*  H*  O",  is  prepared  by  adding  hydrochloric  acid 
d  and  boiling  solution  of  thionurate  of  ammonia,  till  it  is  strongly 
heat  is  continued  till  the  liquid  begins  to  become  turbid;  it  is 
to  cool  for  crystallization.  Uramile  crystallizes  in  thin  and 
>r  presents  itself  in  the  form  of  a  brilliant  white  powder  com- 
-y  thin  silky  needles.  It  is  sparingly  soluble  in  hot  water, 
jblc  in  cold  wntcr,  dissolves  in  ammonia  and  caustic  alkalies, 
precipitated,  without  alteration,  by  acids.  Either  diluted  acids 
of  potash,  boiled  upon  uramile,  convert  it  into  uramilic  acid, 
ammonia.  The  ammoniacal  solution  of  uramile  becomes  pgr* 
',  and  deposits  crystalline  needles  of  a  green  colour  and  metal- 
n  contact  with  oxide  of  mercury  or  oxide  of  silver,  it  is  decom- 
ullition,  into  murexide,  and  at  the  same  time  reduces  the  oxides 
ic  state. 

arnilic  acid,  €*•  N*  H*°  O",  is  prepared  by  dtssoWing  thionu- 
lonia  in  cold  water,  adding  to  the  saturated  solution  a  small 
ulphuric  acid,  and  evaporating  by  a  water-bath.  After  a  time, 
I  is  deposited  in  transparent  four-sided  prisms  of  a  vitreous  lus- 
cy  needles.  It  is  soluble  in  six  or  eight  parts  of  cold  water, 
parts  of  boiling  water,  forming  a  feebly  acid  solution.  For  the 
iramilic  acid,  two  atoms  of  uramile  unite  with  the  elements  of 
of  water,  yielding  up,  at  the  sanoe  time,  the  elements  of  one 
lonia. 

loxantin. — Formula,  C*  N*  H*  O***.  Alloxantin  was  first  ob- 
r.  Prout  among  the  products  of  the  decomposition  of  uric  acid 
j,  and  more  lately  produced  and  studied  by  MM.  Liebig  and 
whom  several  processes  are  given  for  its  preparation.  1.  From 
One  part  of  uric  acid  is  boiled  with  thirty-two  parts  of  water, 
trie  acid  added,  by  small  portions  at  a  time,  till  the  uric  acid  is 
issolved,  and  the  liquor  evaporated  to  two-thirds.  In  the  course 
s,  or  sometimes  a  few  hours,  the  alloxantin  is  deposited  in  crys- 
irc  purified  by  new  crystallizations.  2.  From  alloxan. — It  is 
large  quantity  by  conveying  a  stream  of  sulphuretted  hydrogen 
m  of  alloxan.  Sulphur  is  first  deposited,  and  then  the  whole 
lick  mass  of  crystals  of  alloxantin,  which  are  separated  from 
olution  in  boiling  water.  The  alloxantin  crystallizes  by  evapo- 
tate  of  purity.  3.  On  exposing  a  solution  of  alloxan  to  the  ac- 
oltaic  battery,  oxygen  \s  evolved  at  the  anode,  and  alloxantin  is 
the  cathode  in  crystalline  crusts. 

loxantin  crystallizes  in  oblique  prisms  of  four  sides,  which  are 
*  slightly  yellow,  hard,  and  easily  reduced  to  powder;  they  be- 
air  impregnated  with  ammonia,  and  acquire  a  green  metallic 
;y  are  not  altered  at  212°,  but  at  302°  (150°  centig.)  lose  three 
ter;  are  sparingly  soluble  in  cold  water,  more  soluble  in  boiling 
solution  reddens  litmus.  Alloxantin  heated  in  chlorine- water, 
nitric  acid,  is  changed  into  alloxan.  With  salts  of  silver  it  pro- 
ik  precipitate  of  metallic  silver.  It  is  decomposed  by  alkalies; 
r  produces,  in  its  solution,  a  violet  precipitate,  which  is  made 
^  heat,  and  finally  disappears.     By  the  action  of  boiling  suU 


MB-  OEOAMIO 

fkma  Mkl,  two  atoms  oT  alloxui  *n  ooaveited, 

nn  atoait  of  wsteT)  iDtoiwe  atom  of  oUozaotiD,  three  atoms  ofoxaiied 

two  Uoau  orannDonia,  nod  two  bIoru  of  carbonic  and. 

6391.  The  circumstancea  of  the  fbniMUioo  of  alloxaatin  are  tk 
piaioed  by  M.  Uebig.    By  the  actioa  of  nitric  acid,  the  urU  of  U 
acid  oombiiMa  with  one  atom  of  oxygen,  and  with  the  elements  of  fiH 
of  watart  giving  nae  to  one  atom  of  allozantin,  aod  to  quadrozkk  ttal 
gea,  NO*,  which,  in  contact  with  water,  u  convened  into  nitroua  ai  '  ' 
kcida;  the  nitrous  acid  is  decomposed,  and  half  of  the  urea  set  at 
whilo  the  other  hair  of  the  urea  forms,  with  nitric  acid,  nitrate  of  ui 
the  praoeas  with  sulphuretted  hydrogen,  one  bIobi  ofoxygeo  of  tbad 
eontbioes  with  hydrt^en  from  the  sulphuretted  hydrogen   to  toim  i 
which  lemains  in  the  constitution  of  the  alloxantiui  the  mlphflrMtfe 


6SII2.  ProdueU  tf  tlu  dteompodtim  tf  AUvaMin. — ^Wbaa  a 
of  sulpfaurattod  hviuo^ea  is  earned  into  a  boiling  aolutioo  of  di 
aaon  sulphur  is  depoailod,  and  on  aatoialing  the  solutioo  with  Mil 
ah  eryrtallixea  in  thin  colourieaa  needles,  of  which  the  AcmAqL— 
IP  O*,  which  ia  considered  a  compound  of  a  new  acid,  diabmig  iiig.li 
■DUBoaia.     This  add  is  resolved  into  new  products  when  libei 
tbaracid;  one  of  theae  produced  by  exposure  to  air,  and  evapc 
■olntioD  of  the  ammooiacal  salt  in  dilute  sulphuric  or  hydrocMorie  ■ 
"  '  ii  a  body  having  the  same  compoaitioQ  as  a~ 


with  a  diflbient  fbim.    On  mingling  boiling  soluiioas  of  sal  s 
alloxantia,  the  mixture  becomes  suddenly  of  a  purple-red  colour,  iheaa 
diKlly  icaes  its  colour,  becoming  turbid,  and  deposits  colourieaa  hn 
plates  t^  uramile,  which  become  mse-red  on  dryiog.     The  liqnU  •    ' 
after  its  decompontion,  alloxan  and  free  hydrochloric  acid.     wfaM 
tioo  of  allozantin  is  heated  with  caustic  ammonia,  uramile 
nato  of  ammonia  aro  first  formed,  but  are  decomposed  into  othsri, 
by  the  prolonged  action  of  ammonia  and  air.     A  recont  solutioo  of'i 
tin.  in  ammonia  gradually  absorbs  oxygen  from  tlic  air,  and  depoaliayi- 
tats  of  oxalurate  of  ammooia. 

Mtirexide. 

6393.  Formula,  C"  N'  H«  O*  (Liebig  and  Wshler).  This  beai«id 
product  of  the  decomposition  of  uric  acid  was  Hist  described  by  Dr.  PnC 
under  the  Dame  of  purpurate  of  ammonia.  Murcxide  may  be  lonnsd  kf 
evaporating  a  solution  of  uric  acid  in  dilute  nitric  acid,  until  it  acquinit 
Aash.rcd  colour,  aud  treating  it,  when  cooled  lo  160^,  with  a  dilute  solris* 
of  ammonia,  till  the  presence  of  free  ammonia  is  perceptible;  the  lK|alii 
then  diluted  with  half  its  volume  of  water,  and  alloH-cd  to  cool.  It  Hf 
also  be  formed  by  the  contact  of  ammonia  with  various  other  prochxtiaf 
the  reaction  of  nitric  acid  with  uric  acid,  with  ammonia,  with  or  without  tks 
presence  of  atmospheric  air. 

5394.  The  following  method,  proposed  by  Liebig  and  slightly  ddAM 
by  Gregory,  appears  (o  be  the  easiest  and  most  ccriuio,  and  also  most  p» 
ductive; — Seven  grains  of  hydraled  allo^^an,  and  four  gniins  of  alloxaan 
ore  dissolved  by  boiling  in  240  grains  of  water,  and  the  boiling  solobai 
added  to  80  grains,  by  measure,  of  a  cold  and  strong  solution  of  carboMtt 
of  ammonia.  This  mixture  has  precisely  the  proper  temperature,  sad  dr 
posits  vary  fine  crystals  of  murcxidet    The  experiment  it  no!  so 
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I  a  large  scale;  probably  because  the  liquid,  by  remaining  longer  warm, 
idergoes  a  partial  change.  It  is  best  to  try  first  a  saturated  solution  of 
rbonate  of  ammonia  in  cold  water.  If  it  do  not  yield  good  crystals,  add 
little  water,  and  repeat  the  experiment  till  a  solution  of  the  carbonate  is 
taloedy  which  gives  a  good  result.  The  difficulty  is  owing  to  the  sponta- 
Ibrmation  of  different  carbonates  by  the  action  of  water  on  the  car- 
of  the  shops;  but  when  a  proper  solution  is  obtained,  the  experiment 
(ails. 
<^95.  Murexide  crystallizes  in  short  four-sided  prisms,  of  which  two 

,  like  the  upper  wings  of  cantharidcs,  reflect  a  green  metallic  lustre. 

cr3ratals  are  garnet-red  by  transmitted  light.  Their  powder  is  reddish- 
own,  and  acquires  a  green  lustre  under  tlie  burnisher.  Murexide  is  but 
ghtly  soluble  in  cold  water,  but  colours  it  of  a  magnificent  purple;  it  dis- 
Ives,  however,  readily  in  water  at  158^,  and  crystallizes  again  as  the  so- 
tioo  cools.  It  is  insoluble  in  alcohol,  ether,  or  in  water  saturated  with 
rbonate  of  ammonia.  But  this  substance  cannot  be  purified  or  obtained 
crystals  of  large  size  by  crystallizing  it  from  boiling  water;  for  on  boil- 
g  murexide  in  a  small  quantity  of  water  for  the  time  necessary  to  dissolve 
B  wholOi  the  crystals  become  colourless,  and,  upon  cooling,  a  yellow  gela* 
IOU0  matter  precipitates.  Hence,  probably,  the  slight  uncertainty  which 
tends  even  the  best  process  for  the  preparation  of  this  substance.  Murex- 
D  dissolves  in  a  solution  of  potash,  producing  a  superb  indigo-blue  colour, 
bich  disappears  with  the  application  of  heat,  ammonia  being  disengaged. 
U  the  inorganic  acids  decompose  murexide,  precipitating  from  its  solution 
arezan  in  small  brilliant  plates.  Sulphuretted  hydrogen  decomposes  it 
imediately  into  alloxantin,  dialuric  acid  and  murexan,  while  sulphur  is  set 


5896.  Murexariy  C"  N*  H*  O*,  was  named  purpuric  acid  by  Prout.  It 
Ibrmed  on  dissolving  murexide  with  heat  in  caustic  potash,  heating  till 
le  blue  colour  disappears,  and  then  adding  an  excess  of  dilute  sulphuric 
ad*  It  crystallizes  in  colourless  plates  which  have  a  silky  lustre,  and  are 
sry  brilliant;  is  insoluble  in  water  and  dilute  acids;  it  dissolves  in  ammo- 
la  and  other  alkalies,  in  the  cold,  without  neutralizing  them.  The  proper- 
es  of  murexan  closely  resemble  those  ofuramile.  Like  uramile,  murexan 
oiled  with  water,  red  oxide  of  mercury,  and  a  little  ammonia,  yields  mur« 
ude.  The  composition  of  murexan  and  uramile,  also,  not  differing  much 
I  100  parts.  Dr.  Gregory  admits  it  to  be  possible  that  these  two  substances 
lay  be  essentially  the  same. 

5387.  As  the  habitudes  of  uric  acid,  and  of  the  substances  from  which  it 
Ay  be  generated,  or  to  which  it  may  give  rise,  must  be  an  object  of  inte- 
mt  to  the  surgeon  and  physician,  1  have  deemed  it  proper  to  make  a  co- 
abstract  respecting  it  from  Graham.  I  do  not,  however,  as  respects 
bodies,  deem  it  expedient  to  go  farther  into  these  boundless  regions  of 
honisiry.  The  multi[)lication  of  compounds,  rendered  distinguishable  in 
leir  properties  by  shifting  the  associations  of  ponderable,  with  imponderable 
mtter,  seems  to  be  us  unlimited  as  the  images  which  may  be  produced  in 
le  kaleidoscope,  by  varying  the  relative  positions  of  the  coloured  beads: 
nd  as,  in  a  majority  of  instances,  the  compounds  created  by  the  changes 
lluded  to,  have  cither  the  electro-positive,  or  electro-negative  character, 
'hich  distinguishes  acids  and  bases  from  other  bodies;  so  it  must  happen 
Mt  there  will  be  a  prodigious  and  increasing  number  of  substances  stamped 
the  attributes  of  acidity  or  basidity.     Even  adepts  in  the  science  will 
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find  it  impossible  to  retain  any  available  knowledge  of  the  deUub 
sucb  compounds,  and  of  course,  however  important  it  may  be  to  tfpivi 
that  is  known  of  them  in  systematic  works,  in  a  text  book  ii  out  iiiiwii 
good  purpose  to  dwell  on  that  which  could  not  be  reinctnbeRid  cftiff 
were  once  well  learned. 

&30d.  I  propose,  however,  in  an  appendix,  to  give  some  nlfhnllindl 
bles,  in  which  the  information,  with  which  it  were  inexpedKni  lu  dof  i 
body  of  (his  work,  may  be  found- 
Oft  the  Influence  of  Benzoic  Acid  in  lessening  iheGentt^iat 
of  Uric  Acid  in  Human  Urine. 

5399.  Allusion  has  been  made  to  the  discoveiy,  by 
Alexander  Ure,  that  benzoic  acid,  taken  into  the  ' 
stomach,  is  converted  into  hippuric  acid,  causing  a  < 
tioo  of  the  uric  acid  generated  in  the  urine.  Tac  obfeni 
tions  and  inferences  of  Ure  have  been  confirmed  by  iboi 
of  Bouchardat,  who  alleges,  that  in  the  case  of  a  patieni 
the  hospital  of  Hotel  Dieu,  at  Paris,  labouring  under  aci 
rheumatism,  and  whose  urine  was  depositing  an  abuodug 
of  uric  acid,  the  spontaneous  deposition  of  (ho  acid  ten 
after  the  due  administration  of  benzoic  acid:  uli^o,  il  it 
leged  by  Mr.  Garrod,  that  having  repeatedly  pcrfonn 
Ure's  experiment,  by  swallowing  from  a  scniple  to  half 
drachm  of  benzoic  ucid  at  a  time,  he  bad  always  been 
t^ed  to  obtain  from  his  urine,  passed  three  or  four  li 
subsequently,  on  the  addition  of  hydrochloric  acid,  froo 
fifteen  to  twenty-nine  grains  of  hippuric  acid.* 

5400.  There  is,  however,  the  opposite  testimony  oft 
commission  of  the  French  Academy  of  Sciences,  drawD  if 
by  Gay  Lussac  and  Pclouze,  that  they  could  not  findisf 
verification  of  the  results  of  Mr.  L're.  Agreeably  to  the 
knowledge  which  I  have  obtained  respecting  tlic  inuiBtr 
in  which  such  commissions  are  managed  by  someoflhi 
most  distinguished  of  the  academicians,  I  attach  veryliVW 
importance  to  their  negative  testimony.  With  excelflt 
intentions,  they  are  too  much  occupied,  too  mucb  dis- 
tracted, to  do  their  duty  well  in  such  cases. 

5401.  I  have  not  met  with  any  statement  tending  loo- 
plain  in  what  manner  the  elements  of  benzoic  and  uric  acid 
can  give  rise  to  hippuric  acid. 

*  Btll'i  Phwiiuc«atli»]  Jotirntl,  Landra,  piga  GO.    No.  13-   iwwi  UA 
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OF  ORGANIC  ALKALIES  OR  BASES, 
illed  Vegetable  Alkalies^  Vegeto- Alkalies^  or  Alkaloids. 

2.  The  discovery  of  the  substances  which  bear  the 
mentioned  names,  is  of  the  highest  importance  to 
(id.  It  has  enabled  the  physician  to  avail  himself  of 
live  principles  of  some  of  the  most  powerful  rerae- 
dth  a  certainty  which  was  before  unattainable.  The 
t,  in  lieu  of  being  nauseated  and  even  injured  by 
of  which  the  greater  part,  perhaps  the  whole,  may 
rt,  if  not  injurious,  has  to  swallow  nothing  which 

inefficacious,  when  judiciously  prescribed. 

3.  The  organic  alkalies  are  entitled  to  rank  as  bases^ 
the  definition  of  acidity,  deduced  from  the  practice 
nists,  and  given  in  this  work  (note  631),  that  what- 
iturates  a  well  defined  acid  must  be  deemed  a  base, 
l.  The  compounds  formed  with  acids  by  the  alkaline 
under  consideration,  resemble  those  formed  with 
c  oxybases ;  their  acids  and  ingredients  being  no  Jess 
tible  of  precipitation  by  the  appropriate  tests.  Thus 
iilphates  are  liable  to  be  deprived  of  their  acids  by  a 
Q  of  baryta,  their  chlorides  by  solutions  of  silver  or 
There  is  in  this  respect  a  striking  difference  between 
bitudes  of  these  organic  alkaline  bases  and  those 
are  formed  of  oxidized  compound  radicals,  like  the 
of  ethyl,  formyl,  and  methyl,  which  cannot  be  trans- 
from  one  acid  to  another,  unless  in  a  nascent  state, 
er  peculiar  circumstances.  Even  when  isolated,  the 
last  mentioned  refuse  to  unite  with  hydrated  acids, 
is  far  from  being  the  case  with  the  alkaline  bases  in 
•n.  Generally,  the  latter  differ  very  much  from  the 
3  proper,  in  being  much  more  soluble  in  alcohol  than 
jr.  In  consequence  of  this  last  mentioned  trait  their 
e  reaction  with  vegetable  colours  is  very  feeble,  be- 
played  more  in  their  power  of  restoring  such  colours, 
f  directly  producing  the  changes  which  result  frcnn 
QS  of  the  inorganic  alkaline  bases. 

u  The  following  table  of  the  organic  alkalies  indi- 
heir  sources  and  composition : — 
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5406.  The  sails,  formed  by  ihe  organic  alkalies  with  oootcMsi  rival 
coDlain  the  I'lemenls  of  an  nlom  of  water  esscniial  to  their  Eiiiieoos.  R 
this  respect  they  ngree  in  tlieir  habitudes  with  llie  aoatogous 
compounds  formed  with  the  same  acids.  l!ut  ia  uniting  with 
acid,  or  other  haloiiydric  acids,*  do  water  is  requisite.  Id  this  n*p«f  IM, 
there  is  nn  agreeitient  between  iheir  habitudes  and  those  of  ammooia.  Bm 
it  might  be  reasonably  inferred  that  in  ibe  one  case  the  halogen  bo«)THiH 
with  a  hydriiret  of  the  nrgaoic  alkali,  while  in  the  other,  ifae  oxaddaia 
with  BD  oxide  of  such  a  hydrurel.  This  theory  has  made  no  chauffaAi 
names  of  ammoaiacal  oxysalls ;  but  as  respects  haloid  compauxfaftlM 
changed  muriate  of  ammonia  into  chloride  of  ammonium,  and  mchNKiM 
analogotis  result  ia  the  case  of  the  aminonincal  cornpounda  of  each  hali^ 
body.  Consistency  then  would  seem  to  rr-quiro  that  a  like  rhonn  aboM 
be  made  in  the  Qomenclalure  of  the  cotnpounds  of  the  lialubyJhc  abk 
with  the  organic  alkalies;  but  we  have  had  no  proof  that  any  of  thtMC  it- 
kalies  are  metallized,  and  of  course  could  not  call  murialo  orimrpliiBdy^ 
ride  of  morphium.  Under  these  circunistanc^s,  chlorfAydrttrH  is  Ukhh* 
to  which  1  would  resort  for  any  compound  of  chlurohydric  acid  with  n  » 
ganio  base.  In  practice,  however,  until  tlio  relation  between  ammoiu*  nl 
these  alkalies  is  better  understood,  it  will  be  as  wt:ll  lo  cnipliiy  the  oAdnf 
appellation  {muriate)  above  mentioned;  keeping  ihc  other  id  view  in  otAj 
to  prevent  a  theoretic  misconception,  that  any  combination  can  be  SaaaA 
with  an  organic  base  which  merits  lo  be  designated  aa  a  muriate. 

5407.  The  organic  alkalies  are,  for  the  most  part,  pr* 
ducts  of  vegetation;  yet  the  following  substances,  not  ife- 
rived  from  vegetables,  are  alleged  to  be  allied  to  tbo  clu 
of  vegetable  bases,  ammetine,  mc/amine,  aniline^  una:  als 
BOme  substances  obtained  from  the  animal  oil  of 
called  severally  odorine,  ammoline.  and  animine. 

Organic  Alkalies  of  doubtful  Existence. 

5408.  "The  following  bases  are  still  problematical:  ani- 
rinc,  azaridine,  blanchinine,  buxine,  carapine,  castioe,  chi- 
occitie,  crotonine,  cynapine,  daplinine,  digitaline,  escnbeck- 
ine,  eupatorine,  euphorbine,  fumarine,  glancine,  glaucopic- 
rine,  jamaicine,  menispermine,  param  en  J  sperm  inc.  pilayioe, 
eanguinarine,  staphisaine,  siirinamine,  vioiine.  Bi.-stde5  two 
bases  in  Cartliagcna  quinquina  bark  and  in  chinova  barfc>* 
Graham's  Translation  from  Liebig,  i)S3. 

0/  the  State  in  which  the  Organic  Alkalies  exist  in  the  Pro- 
ducts of  Vegetation,  and  the  Means  of  cxtricaiing  (Ans 
generally  described. 

5409.  The  organic  alkalies  appear  in  almost  every  ID- 
stance  to  e.\ist  in  the  vegetables  to  which  they  belong,  n 

which  I  ipply  to  uidi  formed  ofm  balofan  hoij 
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iiDion  with  an  acid.  Thus^  morphia  is  united  with  sulphu- 
ric and  meconic  acid,  cinchonia  and  quinia  with  kinic  acid, 
jelphia  with  malic  acid,  and  veratria  with  gallic  acid.  In 
K>me  instances,  the  acids  have  not  been  specified ;  but  the 
method  requisite  for  the  analysis,  shows  that  they  are  pre- 
sent. The  salt  thus  formed  is  entangled  sometimes  with 
resinous  matter,  sometimes  with  colouring  matter,  at 
:>ther8  with  fatty  matter,  and  in  a  few  instances  with 
caoutchouc.  In  some  cases  several,  in  others  all  of  these 
impurities  may  be  present. 

5410.  In  the  extrication  of  the  organic  alkalies  charac- 
terized, and  situated  as  has  been  stated,  the  first  object  of 
the  chemist  will  be  to  employ  some  solvent  which  will  take 
up  the  native  salt  in  which  it  exists.  This  may  in  many 
cases  be  effected  by  water  alone ;  but  an  aqueous  solution 
of  some  powerful  acid,  usually  sulphuric  or  chlorohydric 
stcid,  appears  to  have  been  found  preferable.  The  next 
itep  is  decomposition  of  the  salt  formed  with  the  organic 
\MLBe.  This  may,  of  course,  be  effected  by  any  stronger 
Msej  and  accordingly,  potash,  soda,  ammonia,  lime,  and 
ma^esia,  have  all  been  more  or  less  employed.  The  al- 
kali when  insoluble  in  water,  as  happens  in  a  great  majority 
3f  cases,  precipitates  with  or  without  the  precipitant,  ac- 
cordingly as  the  compound  which  this  forms  with  the  acid 
is  or  is  not  soluble.  In  either  case,  the  next  object  to  be 
ittained  is  to  extricate  the  organic  alkali  from  the  impuri- 
:ies  which  may  have  been  precipitated  with  it.  These  may 
::onsist  of  resinous  matter,  fatty  matter,  colouring  matter, 
caoutchouc,  &c.  To  remove  these,  washing  with  weak 
silcohol,  ether  and  water,  has  been  employed,  or  re-solution 
in  an  acid,  and  subjection  to  the  depurating  and  decolori- 
dng  efficacy  of  animal  charcoal.  Repeated  solution  and 
recrystallization  by  means  of  alcohol,  or  acids,  are  also 
ised  to  effect  a  final  depuration.  When  the  alkaU  to  be 
extricated  is  soluble  in  water,  and  volatile  as  in  the  in- 
stance of  conicine,  the  leaves,  flowers,  roots  or  seed,  are 
nibjected,  with  a  weak,  aqueous,  alkaline  solution,  to  the 
distillatory  process.  The  water  which  distils  in  conse- 
quence, contains  more  or  less  of  the  organic  alkali,  as  well 
!IB  8ome  ammonia  resulting  from  its  decomposition.  Being 
first  neutralized  by  diluted  sulphuric  acid,  then  concentra- 
ted by  evaporation,  and  afterwards  digested  in  a  close  ves- 
sel with  ether,   this   liquid  dissolves  the  organic  alkali. 
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which  may  of  course  be  easily  isolated  by  i<iibs«|ueiitt9h 
poBiire  to  a  water  bath  sufficiently  heated  to  expel  Die 
and  ammonia. 

54 1 1 .  In  some  instances  the  decomposition  of  llio  B 
salts  in  which  the  organic  alkalies  are  constituents,  mj 
be  efTected  by  acetate  of  lead.  As  this  metal  genenlly 
forms  insoluble  compounds  with  vegetable  acids,  by 
plex  affinity  the  acid  goes  to  the  oxide  of  that  metaC 
the  alkali  combines  with  acetic  acid.  From  the 
of  the  acetate  thus  formed,  the  lead  of  any  excess  of  4i 
acetate  of  lead  may  be  precipitated  by  sulphydric  add.* 

Of  Morphia  or  Morphine. 

5412.  Morphia,  the  most  important  among  the 
principles  of  opium,  was  discovered  by  Sertumer,  of  Eim* 
bech,  in  Hanover,  and  recognised  by  him  as  ao  orgilit 
alkali.  This  formed  the  first  .step  in  a  new  career 
chemical  discovery,  having  induced  those  subsequent  »■ 
searches  by  other  chemists,  to  which  we  are  indebted  ' 
our  knowledge  of  the  scries  of  analogous  principles  id 
tioned  in  the  preceding  table. 

5413.  Morphia  exists  in  opium  in  chemical  union  « 
meconic  acid  only,  but  is  mechanically  associated  « 
various  substances,  of  which  an  account  has  been  omfc 
(5172.) 

0414.  It  is  remarkable,  that  since  wc  have  leaned  the 
existence  of  morphia,  it  has  become  evident  (hat  the  meuis 
of  detecting  its  presence  in  laudanum,  almost  exlempen- 
neously,  had  long  been  at  hand  in  the  shop  of  everr  druf 
gist.  Dr.  Staples,  a  graduate  of  our  school,  demonstrated, 
about  twenty  years  ago,  that  to  cause  a  precipitation  oT 
crystals  of  morphia,  it  were  only  requisite  to  add  to  tlill 
tincture  equal  parts  of  liquid  ammonia  and  alcobot.  He 
crystals  thus  obtained,  being  redissolved  by  acetic 

*  The  rollowln^  procnni  for  elabanilin;  the  fteta'ie  ilkiliea,  mggtmtmd  hj  lt.0. 
Hinry,  it  Ibundsd  oa  the  property  of  laonic  \cid  lo  precipilaUt  Uis  or  "  "  " 

NBUlmliie  b;  potaiM  n  clear  infution  obtained  by  dij^eitinv  Ihn  rvj 
eonluining  Ibo  alkali,  or  an  eitract  procnri'd  from  it,  in  trpid  vtBlcr,  : 
■ulphiirir  HCid  :  add  in  infugion  nf  ^tli  so  tone  as  any  precipilala  vniur*  T>)*MV' 
eipitale,  oAar  being  wuhed  with  cold  water,  »  to  be  Ifaoroughly  nitnrM  aritkl^ 
dralo  of  lime,  loniBwhnt  in  eicew,  and  being  dried  hj  tbe  hral  nfbaiUag  ■■M, 
mmt  bo  dialled  in  elcuhol  or  ether.  The  reaulting  aolulioo,  a(Ur  filtnliun,  n  Ml* 
nbjeeled  to  ■  heal  aufficienl  lo  drive  off  the  alcohor  The  revdaal  IlifiUd,  eoaa 
of  water  which  had  been  in  pambinititiii  with  the  alFohoI,  holds  Uw  (JkJtb  W 
lion,  aad  alter  a  few  dsja  repoia  depoaiti  il  in  crjftal*. 
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and  again  precipitated  by  ammonia,  may  be  purified  of  the 
matter  by  which  they  are,  in  the  first  instance,  discoloured. 
A  particular  account  of  an  improved  process,  devised  by 
Dr.  Staples,  may  be  found  in  the  United  States  Dispensa- 
tory, by  the  editors  of  which  it  is  highly  recommended. 

5415.  The  following  process,  suggested  by  Wittstoch, 
it  recommended  as  probably  the  best,  by  Kane. 

5416.  One  part  of  opium,  from  eight  to  ten  of  water, 
•rith  two  of  chlorohydric  acid,  are  to  be  digested  together 
(or  six  hours.  The  solution  being  then  decanted,  the  resi- 
due is  to  be  subjected  twice  successively  to  the  same  or- 
deal. The  resulting  solutions  being  united,  the  whole  is 
to  be  saturated  with  chloride  of  sodium.  The  matter 
i^hich  consequently  subsides,  is  to  be  separated  by  filtra- 
tion, and  ammonia  being  added,  in  slight  excess,  to  the  fil- 
tered liauid,  it  must  be  allowed  to  rest  undisturbed  for 
twenty'iouT  hours.  The  resulting  precipitate  is  to  be  col- 
lected upon  a  filter,  washed  with  a  little  water,  dried,  and 
liffested  in  alcohol,  of  0.820,  which  takes  up  the  morphia. 
The  greater  part  of  the  spirit  being  removed  by  distilla- 
tion, morphia  crystallizes  on  cooling  in  a  state  sufficiently 
pure. 

5417.  The  effect  of  the  chloride  of  sodium  is  to  preci- 
pitate narcotina,  and  some  other  impurities.  The  meco- 
tiin,  codeia,  thebaine,  and  some  other  principles,  are  re- 
tained in  solution  by  the  alcoholic  mother  liquor. 

5418.  Morphia  crystallizes  in  rhombic  prisms,  contain- 
ing for  each  atom,  two  of  water,  which  are  liable  to  be 
lost  by  effloresccnce.  It  has  an  enduring  bitter  taste,  and 
is  almost  insoluble  in  water,  as  it  requires  for  solution  400 
Mrts,  even  at  the  temperature  of  ebullition,  and  precipi- 
tates,^most  entirely,  as  the  liquid  cools.  It  has  an  alka- 
ine  reaction,  readily  dissolves  in  alcohol,  but  sparingly  in 
Biher.  It  is  also  soluble  in  aqueous  solutions  of  the  al- 
kalies and  earths. 

5419.  As  usually  procured,  this  alkali,  or  any  of  its 
combinations,  is  reddened  when  brought  into  contact  with 
nitric  acid.  The  phenomenon  is  produced  by  the  same 
Bicid  on  contact  with  other  vegeto-alkalies,  and,  according 
to  Kane,  is  not  produced  with  morphia  when  absolutely 
pore.  Subjected  to  chlorine  in  water,  morphia  is  first 
nade  orange  red,  and  then  dissolved.  On  contact  with 
morphia,  the  iodine  of  iodic  acid  is  liberated.     A  solution 

64 
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of  sesquichloride  of  iron  assumes  a  rich  blue  colour  on  the 
addition  of  morphia,  or  any  of  its  salts.  With  tannic  add 
morphia  affords  a  copious  white  precipitate.  It  is  capable 
of  neutralizing  the  strongest  acids,  and  of  forming  wilk 
them  compounds  which  are  soluble  and  crystallizable. 

5420.  Agreeably  to  the  late  observations  of  Larooqoe 
and  Thibierge,  the  perchloride  of  gold  produces  with  boi^ 

I)hia  a  precipitate  which  is  at  first  yellow,  next  bluish,  ind 
astly  violet.  In  the  state  in  which  it  assumes  the  cbbv 
last  mentioned,  the  gold  is  revived;  while  the  precipitHBi 
of  which  it  forms  a  part,  becomes  insoluble  in  water,  abh 
hoi,  caustic  alkalies,  or  in  sulphuric,  ^nitric,  or  chlorohydiic 
acids.  Yet  with  aqua  regia,  it  makes  a  solution  which  ii 
precipitated  by  the  green  sulphate  of  iron. 

5421.  With  the  oxacids,  with  organic  acids,  and 
the  halogen  bodies,  morphia  generates  salts  which  are  o- 
pable  of  crystallization  and  of  being  dissolved  by  wala 
The  medicinal  properties  of  the  alkali  are  not  impaired  kj 
these  combinations.  In  this  country  the  sulphate  is  die 
most  used ;  but  Dr.  Kane  alleges  the  ''  muriate  ''to  be  Ae 
most  important  compound  of  morphia. 

Of  Paramorphia,  or  Thebaine. 

5422.  Paramorphia  is  an  alkali  lately  discovered  by  Pet 
letier  in  minute  proportion  in  opium.  It  is  identical  with 
morphia  in  composition,  but  quiti^  distinct  in  its  profwrties. 
It  is,  therefore,  isomeric  with  morphia,  and  hence  its  name. 

5423.  Paramorphia  is  white,  scnrcoly  soluble  in  waur. 
of  an  acrid  and  styptic,  rather  tlian  a  bitter  taste,  and  ven 
soluble  in  alcohol  or  ether,  even  w  hen  cold,  and  still  more 
so  when  hot.  It  differs  from  nior[)hia  in  not  Ixjing  reddeo- 
ed  by  nitric  acid,  in  not  forminir  crystallizable  salts  wilk 
acids,  and  in  not  striking  a  blue  colour  with  the  salts  of 
iron.  It  also  differs  from  inor[)hia  in  its  acticm  on  di€ 
system,  producing  tetanic  syinptonis  in  doses  of  a  trrain. 

5421.  Pseudornorphia  is  a  name  jrivtMi  to  another  alkah 
discovered  by  the  same  distiniruislied  chemist  in  opiuiD. 
likewise  in  minute  proportion.  It  restMubles  morphia  in 
the  characteristic  |)ro[)erties  of  beconiinir  red  with  niinc 
acid,  and  of  strikiniJt  a  blue  c(>lc^nr  \\ith  the  salts  of  iron, 
and  yet  differs  from  it  in  not  hein^  jfolsonous.  It  is  nol 
always  present  in  opium,  and  the  circumstances  under 
which  it  is  produced  are  not  known. 


OF  CODBIA,  NARCOTINA,  NARCBIA  AND  <^UINIA.  501 

Of  Codeioj  or  Codeine. 

5425.  This  vegetable  alkali  was  discovered  in  1832,  by 
Lobiquet.  It  exists  in  opium  as  a  meconate.  It  is  in  the 
>nD  of  colourless  crystals,  which  are  soluble  in  two  parts 
f  boiling  water,  also  soluble  in  alcohol  and  ether,  but  in- 
Dluble  in  alkaline  solutions.  Its  capacity  of  saturation 
I  very  nearly  the  same  as  that  of  morphia ;  but  it  may  be 
istinguished  from  that  alkali  by  the  different  form  of  its 
rystals,  by  its  greater  solubility  in  water,  and  by  its  in- 
olubility  in  alkaline  solutions.  It  has  a  decided  action 
n  the  animal  economy,  producing  first  excitation,  and  af- 
^rwasds  depression. 

Of  Narcoiina^  or  Narcoiine. 

5426.  In  order  to  obtain  narcotina,  opium  may  be  com- 
linuted,  and  digested  with  as  much  ether  as  win  cover  it, 
t  a  temnerature  near  the  boiling  point  of  the  ether,  for 
luee  or  four  days.  The  ether  being  decanted  and  allow- 
d  to  evaporate,  the  narcotina  will  appear  in  slender  pris- 
natic  crystals,  soiled  by  caoutchouc,  resin,  and  colouring 
natter.  Being  subjected  to  boiling  alcohol  and  recrys- 
idlized  by  refrigeration  therefrom,  they  are  rendered  purer, 
ind  further  purified  by  repeated  solution  and  recrystalliza- 
ion.  To  remove  all  the  narcotina,  opium  must  be  sub- 
acted  to  successive  portions  of  ether. 

0/  Narceia,  or  Narceine. 

5427.  This  alkali  was  discovered  in  opium  by  Pelletier 
Q  1832.  It  exists  in  white,  silky,  acicular  crystals,  ino- 
lorous,  of  a  slightly  bitter  taste,  sparingly  soluble  in  water, 
Qore  soluble  in  alcohol,  and  insoluble  in  ether.  It  is  ren- 
lered  blue  by  the  dilute  mineral  acids,  but  does  not,  Uke 
Borphia,  become  blue  with  the  salts  of  iron,  nor  red  with 
itric  acid. 

Of  Quinia,  or  Quinine. 

5428.  In  the  various  kinds  of  cinchonia,  known  in  com- 
neice  as  Peruvian  bark,  there  are  three  organic  alkalies, 
puma,  cinchonia,  and  aricina,  of  which  the  most  impor- 
ant  is  that  which  bears  the  name  at  the  head  of  this  pa- 
agraj^  Quinia  is  generally  procured  from  yellow  bark. 
rbe  process  usually  employed  for  its  elaboration  is  as 
trilows.    The  bark,  coarsely  powdered,  is  boiled  with  sul- 
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phuric  or  chlorohydric  acid.  In  the  case  of  sulphuric  adi 
the  proportions  given  are  three  fluid  drachms  to  a  gallon  of 
water;  in  the  other  case,  two  of  acid  to  ten  of  water; i 
pound  of  bark  being  employed. 

5429.  The  bark  is  to  be  subsequently  exposed  to  a  ani- 
lar  ordeal  with  a  half,  and  with  a  fourth  part  of  the  qoaa- 
tity  of  acid  at  first  employed.  To  the  united  solntiona, 
strained  and  cooled,  add  hydrate  of  hme  till  there  beta 
alkaline  reaction.  The  precipitate  is  to  Ix)  coUecki 
This,  when  sulphuric  acid  is  used,  will  consist  in  partof 
sulphate  of  lime;  but  when  the  other  solvent  is  used,  the 
lime  will  remain  in  solution  in  the  state  of  chloride,  h 
either  state,  the  precipitate  being  digested  in  alcohol,  tk 
alkali  is  taken  up.  The  solution  thus  formed,  is  subjected 
to  distillation  with  water.  The  residue  being  treated  wilk 
sulphuric  acid  in  excess,  on  evaporation  afibrds  crj'stakof 
sulphate  of  quinia;  the  sulphate  of  cinchonia  remainiif 
in  solution.  From  the  sulphate,  pure  quinia  may  be  di^ 
tained  by  adding  to  a  solution  of  it  caustic  potash,  abo 
in  solution,  drying  the  resulting  precipitate,  dissolTiii|k 
in  a  quantity  of  alcohol,  as  small  as  possible,  and  allowm 
the  liquid  thus  obtained  to  evaporate  leisurely  in  a  phce 
moderately  warm.  Under  these  circumstances,  quinia 
crystallizes  in  union  with  an  atom  of  water,  forming  of 
course  a  crystalline  hydrate.  This  water  it  loses  bv 
fusion.  Quinia  is  intensely  bitter.  It  requires  for  solu- 
tion, two  hundred  parts  of  hot  water,  and  i>  almost  insolu- 
ble in  cold  water.     In  aleohol  or  ether  it  dissolves  readilv- 

• 

The  salts  of  this  alkali  arc  soluble  in  water,  as  well  as  id 
alcohol,  and  arc  capable  of  crystallizinjT.  In  common  with 
those  of  other  alkalies,  and  of  ammonia,  the  o\y salts  which 
it  forms,  require  an  atom  of  water,  as  already  mentioned 
(5406). 

54){().  Of  the  Chlorohydrurct  or  Muriate  of  Quinia.  TTji* 
salt  forms  pearly  crystalline  needles,  w  hieh  are  very  solu- 
ble in  water.  It  acts  as  a  base  with  cliloroplatinic,  or 
chlorohydrargyric  acid  (corrosive?  sublimate),  forminji  what 
are  called  double  salts  bv  som<^  chemists,  but  which  I  cod- 
ceive  should  be  called,  severally,  chloro[)latinate  or  chlori> 
hydrarfjyrate  of  the  chlorohydruret  of  <|uiuia  :  or  for  ih* 
sake  of  brevity,  as  in  other  cases,  simj)ly  a  chloroplalinaW 
of  morphia,  or  chlorohydrarjiyrate  of  (juinia  (.TUMJ). 

5431.  Basic  Sulphate  of  Quinia  consists  of  two  atom* 
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f  quinine,  one  of  sulphuric  acid,  and  eight  of  water ;  its 
3nnula  being  Qu  So^  8HO.  The  roanufkcture  of  this 
ompound  is  conducted  on  a  large  scale,  according  to  the 
irocess  above  given  for  the  extrication  of  quinine,  and  va- 
iou8  other  methods.  In  crystallizing,  this  sulphate  enters 
ito  combination  with  six  atoms  of  water  of  crystalliza- 
ion,  and  two  acting  as  a  base.  Hence  in  dry  air,  or  when 
ently  heated,  it  relinquishes  six,  yet  retains  two,  which 
annot  be  expelled  without  partial  decomposition.  This 
alt  is  but  sparingly  soluble  in  water,  requiring  thirty  parts 
t  a  boiling  heat,  and  seven  hundred  and  forty  in  the  cold. 
)f  alcohol,  unaided  by  heat,  it  requires  eighty  parts  for 
olution;  but  much  less  at  the  temperature  of  ebullition, 
ts  crystals  are  small  pearly  plates  or  needles,  which,  when 
eated,  fuse,  and  phosphoresce  vividly,  being  totally  decom- 
osed  at  a  high  temperature. 

5432.  Neutral  Sulphate  of  Quinia. — ^This  salt  crystal- 
zes  in  rectangular  prisms,  of  which  the  formula  is  Qu  So' 
HO.  They  are  prone  to  effloresce,  dissolve  in  ten  parts 
f  water  at  60°,  and  undergo  aqueous  fusion  at  112**. 
This  sulphate  is  very  soluble  in  alcohol,  and,  though  from 
ts  constitution  it  should  be  neutral,  reddens  litmus. 

5433.  Basic  Stilphate  of  Quinia  of  Commerce. — In  the 
tate  in  which  basic  sulphate  of  quinia  is  sold  in  com- 
lerce,  under  the  name  of  sulphate,  it  is  sometimes  adulte- 
iited  with  boric  acid  and  with  sulphate  of  lime.  These 
nbstances  may  be  detected  by  exposing  the  aggregate  to 
.  red  heat,  by  which  the  elements  of  the  sulphate  may  be 
issipated,  and  the  adulterations  exposed  to  view.  Sugar 
,nd  margaric  acid  have  also  been  used  as  adulterations. 
)f  these,  the  latter  may  be  detected  by  its  insolubility  in 
iluted  acids,  the  former  by  washing  a  sample  in  water, 
nd  adding  carbonate  of  soda  to  precipitate  the  quinia, 
rhen  the  sweet  taste  of  the  sugar  will  become  perceptible. 

5434.  Phosphate  of  Quinia  crystallizes  in  small,  but  bril- 
JAOt  needles,  soluble  both  in  water  and  in  alcohol. 

5435.  Ferroprussiatc^  or  Cyanoferrite^  of  Quinia  is  formed 
rf  boiling  one  part  sulphate  of  quinia,  and  one  and  a  half 
11  cyanoferrite  of  potassium,  in  seven  of  water.  The  ge- 
kerated  salt  separates  as  greenish  yellow,  oily  substance. 
rbe  mother  liquor  being  decanted  when  cold,  the  cyano- 
brrite  is  to  be  redissolved  in  boiUng  alcohol,  whence  on 
efrigeration  it  crystallizes  in  greenish  yellow  needles. 
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On  the  Reaction  of  Chlorine  with  Quinia  and  its  SaHu 

5436.  If  sulphate  of  quinia  be  made  to  form  a  dilute! 
lution  with  water,  impregnated  with  chlorine,  anil  liqfd 
ammonia  be  added,  a  green  precipitate  ensues,  tbeliqai' 
assuming  an  intensely  green  colour.  The  prccipitueif 
substance  has  been  called  dallciochin.  If  the  r 
green  liquid  be  evaporated  with  access  of  air,  it  cl 
to  dark  red,  while  sal  ammoniac  is  generated,  and  no 
bodies,  of  which  only  one  is  soluble  in  alcohol.  The  xk- 
ble  body  is  called  rusiochin,  the  other,  mclanoduk 
Kane's  Elements. 

Of  Cinchonia,  or  Cinchonine. 

5437.  This  alkali  abounds  in  the  gray  bark  (ctnclMia 
micrantha)  from  which  it  may  be  extricated  by  means  Hi 
logons  to  those  employed  in  the  case  of  t|uinia.  Uaa^ 
it  is  obtained  from  the  mother  waters  of  (ho  sulphate  « 
the  alkah  last  uieutioned,  by  saturating  the  excels  of  wA 
by  which  it  is  retained  in  solution  during  tlio  crystaJG* 
tion  of  the  sulphate  of  quinia.  Under  these  circumsiaiic4 
being  precipitated  by  an  alkaline  base,  and  afterwards  i^ 
dissolved  by  alcohol,  it  is  obtained  ia  thin,  colourless, 
matic  crystals,  by  vaporizing  this  solvent.  Its  Ud 
peculiar,  as  well  as  bitter.  Boiling  water  onlv  itkeiV 
tjW  part;  but  it  reacUly  dissolves  in  alcohol  and  ethw.  It 
fuses  at  330°  without  loss.  Between  its  salts  and  tlxM  of 
quinia,  there  is  a  great  resemblance. 

5438.  The  chlorohydruret  of  cinchonia  crystallizes  in  hft 
liant  interwoven  needles,  and  like  the  congenerous  co» 
pound  of  quinia  (5389)  acts  as  a  base  with  electronegali" 
chlorides,  such  as  clJoroplatinic,  and  chtorohydrargrrc 
acid. 

5439.  Basic  sulphate  of  cinchonia,  C  +  SO"  fomiB  i 
bic  prismatic  crysliils,  which  require  for  solution  54 
of  water.  The  neutral  sulphate  holding  only  half  as 
base,  is  more  soluble,  crystallizing  in  large  well  (c 
rhombic  octohedrons. 

OfAricina,  or  Aricine. 


rPdbtf 

and  Coriol,  in  a  hark  brought  from  Arica,  on  the  Padic 


5440.  This  alkali  was  discovered  in  1829  I«f  Pi 
1  the  I 
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K>a8t  of  South  America,  which  was  fraudulently  mixed 
with  the  Calisaya  bark.  It  is  a  white,  transparent,  crys- 
allioe  substance,  having  a  warm  and  intensely  bitter  taste, 
irhicb  is  long  in  developing  itself.  It  dissolves  in  alcohol 
ind  ether,  but  is  completely  insoluble  in  water.  By  nitric 
icid  it  is  coloured  green.  The  salts  agree  in  their  proper- 
lies  with  those  of  quinia  and  cinchonia. 

0/  Strychniaj  or  Strychnine. 

5441.  The  poisonous  principle  of  the  Strychnos  nux 
vomica,  and  Strychnos  ignatia  or  colubrina,  is  considered 
as  an  alkali,  and  called  strychnia.  It  may  be  developed  by 
a  process  similar  to  that  used  for  morphia.  It  was  origi- 
nally obtained  by  Pelletier  and  Caventou,  by  subjecting 
the  bean  of  the  strychnos  ignatia,  duly  rasped,  to  nitric 
ether  io  a  Papin^s  digester,  to  remove  fatty  matter;  and 
labsequent  exposure  of  the  residue  to  alcohol,  in  which 

K  strychnia,  in  union  with  an  acid,  dissolves.  The  alco- 
having  been  evaporated,  and  the  residuum  dissolved  in 
water,  the  addition  of  potash  caused  the  alkali  to  precipi- 
late.  It  was  afterwards  washed  in  cold  water,  and  redis- 
BoWed  in  alcohol,  from  which  it  crystallized  by  evapora- 
tion. 

5442.  The  colour  of  strychnia  is  white.  Its  taste  is 
intolerably  bitter,  leaving  a  metallic  impression  in  the 
mouth.  It  is  nearly  insoluble  in  water,  or  ether,  but  is 
▼cry  soluble  in  alcohol.  It  is  a  terrible  poison,  very  small 
quantities  producing  tetanus  to  a  fatal  extent;  being  used 
by  the  natives  of  Borneo  to  render  their  arrows  poisonous, 
under  the  names  cither  of  upas  tieuta,  or  woorara. 

Of  BruciGy  or  Brucine. 

5443.  This  alkali  exists  in  the  bark  of  the  Brucia  anti- 
djrsenterica,  or  false  angustura.  The  bark  was  first  sub- 
jected to  sulphuric  ether,  and  afterwards  to  alcohol.  The 
•kohol  being  evaporated,  afforded  a  dry  residuum,  which 
was  dissolved  in  water.  The  solution  in  water  was  satu- 
rated with  oxalic  acid,  and  evaporated  to  dryness.  An 
oxalate  of  brucia  resulted,  which,  after  being  depurated  by 
^dcohol  of  colouring  matter,  with  which  it  was  associated 
and  disguised,  was  decomposed  by  lime  or  magnesia.  As 
either  of  these  bases  forms  an  insoluble  salt  with  oxalic 
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acid,  while  brucia  is  soluble  in  500  times  its  weight  of 
boiling  water,  or  in  850  parts  of  cold,  it  was  separated 
from  the  insoluble  oxalate  by  water. 

5444.  Brucia  crystallizes  in  oblique  prisms,  with  pard- 
lelograms  for  their  bases.  It  is  less  bitter  than  strychniii 
but  its  taste  is  more  acrid  and  durable.  It  melts  wbcB 
heated  a  little  above  212^,  and  congeals  on  cooling  iMoi 
mass  resembling  wax.  It  neutralizes  acids,  affordiBg  a 
distinct  class  of  salts.  On  animals,  its  effects  are  auwH 
gous  to  those  of  strychnia,  but  less  violent.* 

Of  Delphla^  or  Delphine. 

5445.  It  was  in  the  seeds  of  the  Delphinium  staphia- 
gria,  or  stavesacre,  in  which  it  exists  as  a  malate,  that  tUi 
alkali  was  detected.  A  decoction  of  the  seeds,  which  hi 
been  cleansed  and  reduced  to  a  pulp,  was  filtered.  Tki 
fluid,  which  passed  the  filter,  was  boiled  with  magnoiib 
which  liberated  the  delphia.  It  was  then  separated  finttj 
the  magnesia  by  alcohol,  and  from  this  solvent  by  evap 
ration. 

5446.  Delphia  is  white,  pulverulent,  and  very  soluble  i 
alcohol  and  ether.  It  is  inodorous,  but  its  taste  is  extreiM 
ly  acrid  and  bitter.  Water  derives  from  it  an  acrid  taiMk 
though  it  does  not  dissolve  any  appreciable  quantity.  Bf 
combination  with  acids,  it  forms  neutral  ?alts,  whicbire 
soluble  in  water,  and  very  acrid  and  bitter. 

5147.  Concentrated  snl[)lniric  acid  reddens,  and  after- 
wards carbonizes  del[)bia.  Chlorine  renders  it  green. 
Courbe  alle<res  that  stavesacre  contains,  in  addition  W 
that  which  has  been  described,  a  yellow,  resinous  su^ 
stance,  of  which  the  formula  is  (/**  II-'O*  N;  and  ihcnanw 
snjr<i;ested  for  it  is  staphysain.  This  is  distiniruishcd  by 
insolubility  in  ether,  or  water;  and  solnhilitv  in  diiutc 
acids,  without  neutralizing  them. 


•   Mr.   Furh   advances   that  hrnria   is  a  comhinntion  of  stryrbnia   with  a 
which  this  last  nicntioDcd  Huhstancc   hohls  fibstiiiaTolv.   and   w  hu-h    \\x*   ihr  F* 

f>orty  of  b«Mn<r  rcddrniMl  by  nitric  acid.  It  is  to  this  irn|»nrify  that  i^rufii  ow»»* 
iabihty  to  be  made  red  by  ihn  acid  nliovc  innitionrd.  Mr.  Fin*li  haji  t^tmd  s  loeiW 
of  Heparalinij  this  resin  from  bnicia,  an<J  CMHseqiiently  n\'  conv(»rtin:;  th:»  ^uppj** 
peciiUar  alkali  into  stryclinia.  lie  has  n«»t,  IniwoviT.  s'lrc-pdi-i!  in  r.iii<i:n,;  -tn-cM* 
to  combine  with  the  nvsin  in  qnestion  so  a^  to  l'i»rm  brncia.  Allh-'iijh  Mr.  T*" 
nienttoned  it  to  l»e  his  intentiun  lo  pnblihh  Ins  pn»ce«*s  fi«r  thr  dfji'irat.-.in  I'f  ^ 
a  year  has  elapsed  without  imy  furrln-r  in!nnnali<m  havin^j  lieen  proinuljjalc-d  .''T 
on  this  subject.     Bcrzelius'  Report  for  \r<\\^  p.  141. 
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Of  Veratriaj  or  Verairine* 

5448.  Veratria  is  an  alkali  obtained  from  the  seed  of 
le  Veratrum  sabadilla ;  also  from  the  roots  of  the  Vera- 
rum  album  (white  hellebore),  and  Colchicum  autumnale 
meadow  saffron). 

5449.  The  seeds,  partially  depurated  by  digestion  with 
ther,  yielded  a  coloured  tincture  with  heated  alcohol, 
'his  tincture  deposited  some  waxy  matter  on  cooling, 
nd  by  evaporation  afforded  a  residuum,  soluble  in  water, 
accepting  a  small  portion  of  extraneous  matter.  The  wa- 
try  solution  being  slowly  and  partially  evaporated,  until 
D  orange-coloured  precipitate  ceased  to  appear,  acetate 
r  lead  was  added  to  it.  A  copious  yellow  precipitate  en- 
led,  and  the  liquor,  being  separated  from  it  by  a  filter, 
Bcame  almost  colourless.  This  fluid  was  subjected  to 
iJpbydric  acid,  to  precipitate  any  lead  which  it  might 
>Dtain.  The  solution  then  gave,  with  magnesia,  a  precip- 
ate,  from  which.alcohol  took  up  veratria.  From  the  al- 
)holic  solution,  the  veratria  was  afterwards  isolated  by 
raporation. 

5450.  Veratria  is  white,  pulverulent,  and  inodorous, 
at,  nevertheless,  poisonous  when  inhaled,  producing  vio- 
mt  and  dangerous  sneezing.  Its  taste  is  not  bitter,  but 
ecessively  acrid.  It  reacts  like  an  alkali,  is  insoluble  in 
atcr,  but  very  soluble  in  alcohol  and  ether.  It  melts  at 
Vf.  Its  salts  are  for  the  most  part  crystallizable  aiid 
eutral,  but  decomposable  by  water  into  free  acid,  and  a 
asic  salt.     Taken  into  tlie  stomach  in  minute  quantities, 

produces  intolerable  nausea  and  vomiting,  and  in  large 
Mes,  death. 

Of  Sabadilla. 

5451.  Sabadilla  was  discovered  by  Couerbe,  as  an  al- 
ali  accompanying  veratria  in  veratrum  sabadilla,  and  in 
lie  roots  of  the  Veratrum  album  (white  hellebore),  and 
>olchicum  autumnale  (meadow  saffron). 

5452.  By  boiling  the  precipitate,  obtained  by  carbonate 
f  ioda  from  an  infusion  of  sabadilla  seeds  in  diluted  sul- 
ftoric  acid,  sabadilla  may  be  separated  in  radiated  needles, 
fa  pale  rose  colour,  which  may  be  rendered  white  by  de^ 
IMtioti.    This  alkali  id  a  white,  crystallizable  substance. 
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insupportably  acrid,  fusible  by  heat,  readily  iioluble  t 
water,  very  soluble  in  alcohol,  and  wholly  iasolubla, 
ether. 

Of  Jervina,  or  Jervtne.  i 

5453.  Jervina  is  found  in  veratrura  album,  associlS 
with  veratrine,  from  which  the  sparing  sotubitily  oTa 
sulphate,  and  its  readiness  to  crystallize  rrom  an  alcol"^' 
Bolution  with  four  atoms  of  water,  renders  it  liable  ti 
separated.  Jervina,  when  pure,  is  white,  easily  fusible^a 
composable  at  400°,  nearly  insoluble  in  water,  but  cojndr 
ly  soluble  in  alcohol.  Of  its  salts,  the  acetate  readily  q 
solves  in  water,  although  in  this  liquid  its  sulphate,  tutm 
and  chloride,  are  sparingly  soluble.  The  chloride  off 
vioa  unites  with  chloroplatinic  acid.    Kaue,  1069. 

Of  Colchicina,  or  Colchicine' 

5454.  Colchicina  ia  a  vegeto-alkali  existing  in  the  l 
of  the  meadow  saffron  (Colchicum  autuoinale). 

5455.  It  may  be  extricated  by  the  following  { 
Digest  the  seeds  in  a  mi.xturc  of  sulphuric  acid  and  « 
alcohol;  neutralize  the  excess  of  acid  by  lime,  rcnionq 
alcohol  by  distillation,  decompose  the  residual  liquor  bf  fM 
bonate  of  potash  in  excess,  dissolve  the  washed  aoddfl 
precipitate  in  absolute  alcohol,  decolorize  the  solutiaJil 
animal  charcoal,  add  a  few  drops  of  water,  and  erusBI 
it  until  the  colchicina  crystallizes  in  colourless  needier  4 

5456.  This  alkali  is  intensely  bitter,  but  not  so  bHiogi 
the  taste  as  veratrine,  nor  is  il  productive  of  vioteot  AM 
ing.  It  is  moderately  soluble  in  water,  very  soluble  ill 
coliol,  or  ether.  Though  but  feebly  alkaline  in  its  reacli^ 
in  other  respects  it  neutralizes  acids  thoroughly.  Bytll 
ture  of  iodine  it  is  precipitated  of  a  rich  orange  co)(M%1| 
nitric  acid  it  is  coloured  dark  violet  blue.  Though 
abundant  in  the  seeds,  it  pervades  all  parts  of  coTcb 
Kane,  1069. 


;o)(M%J| 
^cbS 


Of  Emetia,  or  Emetine. 
5457.  This  alkali  is  obtained  from  ipecacuanha.  Il 
roots,  well  pulverized,  are  digested  in  ether.  They  iri 
then  subjected  to  alcohol,  the  resulting  solution  is  en|4 
rated,  and  the  residuum  dissolved  in  water,  and  macenl^ 
upon  magnesia,  which  causes  the  emetia  to  predptO'H 
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This  precipitate  is  washed  with  cold  water  to  remove  co- 
louring matter,  and  afterwards  subjected  to  alcohol,  which 
takes  up  the  emetia.  The  emetine  again  separated  from 
its  solvent  by  evaporation,  being  dissolved  by  diluted  acid, 
and  blanched  by  animal  cbarco^,  may  be  precipitated  pure 
by  any  of  the  alkaline  oxides. 

545iB.  Thus  obtained,  emetia  is  white,  pulverulent,  and 
unalterable  by  the  air,  scarcely  soluble  in  water,  but  very 
aoluUe  in  ether  pr  alcohol.  Its  taste  is  slightly  bitter.  It 
possesses  strong  alkaline  properties,  restoring  the  colour 
of  litmus,  when  reddened  by  an  acid.  It  is  capable  of 
forming  salts,  which,  though  neutral,  are  not  crystallizable. 
It  appears  to  possess  all  the  emetic  properties  of  the  root 
from  which  it  is  procured. 

OfSolania,  or  Solanine. 

5459.  Solania  is  the  name  which  has  been  given  to  an 
alkali  which  exists  in  the  black  nightshade  (solanum  ni- 
'^prum),  and  in  the  bittersweet  (solanum  dulcamara),  also 
m  the  shoots  of  the  solanum  tuberosum,  or  potato. 

5460.  The  filtrated  juice  of  the  berries  of  the  nightshade 
being  digested  in  ammonia,  the  resulting  precipitate  is 
washed  on  the  filter,  and  digested  in  boiling  alcohol.  After 
the  evaporation  of  this  fluid,  solania  is  obtained  in  suffi- 
cient purity.  It  is  a  white,  opake,  pearly  powder,  which 
is  inodorous,  slightly  bitter,  and  nauseous.  Its  acid  solu- 
tions are  more  bitter.  Its  salts,  though  neutral,  are  mi- 
ciystaUizable.  In  cold  water  it  is  insoluble,  and  in  hot 
dissolves  only  to  a  small  extent.  It  is  very  soluble  in  alco- 
hol, but  is  not  dissolved  by  ether.  It  restores  the  colour 
of  litmus,  reddened  by  an  acid.  It  causes  vomiting  at  firsts 
afterwards  sleep,  or  death,  according  to  the  dose,  being  a 
strong  narcotic  poison.  With  salts  of  emetine,  tannic  acid, 
or  corrosive  sublimate,  it  produces  white  precipitates; 
with  iodine  and  chloroplatinic  acid,  brownish  yellow  preci- 
pitates. According  to  Kane,  the  injurious  properties  of 
anripe  potatoes  result  from  the  presence  of  this  body.  It 
exists  abundantly  in  the  early  shoots  (underground)  and 
bads  of  the  tubers. 


$10  ORQANig  CHBMIBTRY. 

Of  Caffein  or  Caffwxy^  or 

5461.  It  seems  hardly  credible  that  there  should  be  a 
crystallized  nitrogenated  principle  common  both  to  tea  ai 
to  coffee.  Yet,  agreeably  to  analyses  recently  madci  tk 
substances  which  had  been  discovered  in  tea  and  eofc 
and  called  theine,  or  caffein,  are  identical  in  compofltioi 
and  properties. 

5462.  Moreover,  a  principle  elaborated  from  goaiWi 
a  paste  made  from  the  seeds  of  paullinia  sorbilis,  is  aXkfi 
by  Martins  to  be  identical  in  composition  with  caflein,  fli 
to  be  a  base  in  its  properties. 

5463.  To  extract  caffeia,  the  raw  coffee  seeds,  well  dikl 
and  pulverized,  are  to  be  exhausted  by  boiling  water,  h 
the  next  place  subacetate  of  lead  must  be  added  to  the  i^ 
suiting  solution.  This  is  to  be  filtered  afterwards,  ui 
any  excess  of  lead  precipitated  by  sulphydric  acid.  After 
n.  second  filtration,  the  solution  being  concentrated  siiS- 
ciently  by  evaporation,  the  caffeia  crystallizes  on  coolii|^ 
Re-solution,  and  recrystallization  are  requisite  to  leoihl 
it  pure, 

5464.  Caffeia  may  also  be  extricated  from  a  filtered  d^ 
coction  of  tea  leaves:  hence  its  other  name,  theine. 

5465.  Caffeia  assumes  the  form  and  appearance  of  BC^ 
dies,  having  a  silky  lustre.  It  is  feebly  bitter,  span^ 
soluble  in  ether,  cold  water,  or  alcohol.  At  212°  ithsfs 
eight  per  cent,  of  water.  It  fuses  at  352^  and  sublimes  at 
725^.  From  its  solution  it  inav  be  thrown  down  bv  tannic 
acid.  Boiled  with  caustic  potash,  or  baryta,  caffeia  is  re- 
solved into  ammonia,  cyanuric,  formic,  and  carbonic  acidi 
With  sulphuric  or  chlorohydric  acid  it  tbrms  crystaBil* 
compounds.  Its  composition,  accordinj;^  to  Liibip,  is^^ 
presented  hy  the  formula  above  given. 

5460.  Craliani  alleijes  that  the  active  properties  of  W 
and  coffee  are  not  due  to  caH'eia;  but  it  is  admitted  that 
no  other  veiretabie  substance  contains  so  hxruo  a  propor- 


•  CaffVjia  is  onn  of  tho  crystullino  orL^nic  principle*  whirli  it  i**  <Jifficiiit  to 

or  to  claftsifv,  on  arc^.iint  of  the  (iiscordanry  of  thi-  aiit!ii>r:li4->  u  h:rh  l-rar  up^atlf 
qncfltioii.     fforctoforp  it  has  bn-n  plncfd  arimnir  tin*  D'Mi'rul   prrnf-p'r*.  in  J  to  I9» 
Uniti'd  StatoM  l)ispon«<atory,  and  in  tho  r«'prnt  work^  "f  Kant*,  (trth.mi    and  G»t|» 
ry,  has  bctMi  troatrd  c»f  as  such,  and  ralU'<l  ratffia.     l»'il  in  tl.i    ^*'■^  rl    -f  B'f:«*.i*" 
for  IH-Il.it  is  monti«»n»Mi  that  Marlins  ha«  **  tuninl  it  !■•  l.i-  iij.  nti-il  wi'r:  jninni* 
tLll  orgrunic  fuisf .  (}\'A\)i>Tu\vi\   from  lh»*   si  i'»l<   of  paullirua   ^'■rl'lll'^       .A.  -   r.l  j-^-y  i\  t 
placed  hy  Hrrzriins.  in  his  li<it  of  I'nritiMits,  iiniirr  tl.»'  hi- nl  -f  \i:;t!i!!i*    r  i«c  *    •  ti 
morphine,  brucia,   *Vr.      IJut  whih*  Martni'.  and  J>»i/.f'iiii>  a>-  jn  to  j*  i»m'  ranii  **•  •■ 
nlk'ili,  they  do  not  rhm^ji*  thi*  terminating:  inonii!<\  1!  iMe,  a?  thr  '•'nlinf  ntjl  cftf^J^ 
have  not  adopt'*d  the  tor:rimjlion  in  a  for  alkalin<*  l>.isi»s. 
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tion  of  nitrogen,  and  Liebi^  remarks  that  2tV  grains  of 
cafieia  may  furnish  all  the  nitrogen  required  by  an  ounce 
Qf  human  bile.  This  fact  naturally  suggests  that  tea  and 
fjoSee  may  be  serviceable  in  furnishing  nitrogen  for  biliary 
and  other  secretions,  in  beings  whose  habits  of  life  do  not 
make  it  healthful  or  agreeable  to  consume  a  sufficient 
quantity  of  bread  and  meat  to  supply  all  the  nitrogen  ne- 
to  the  vital  functions. 
M67.  According  to  this  view  of  the  subject,  it  is  re- 
4Darkable,  that  civilized  nations,  comprising  a  majority  of 
mankind,  should  in  modern  times  have  been  led,  as  it  wonkl 
Beoniy  intuitively,  to  resort  to  two  sources,  apparently  so 
difierentt  as  the  tea  leaf  and  coffee  berry,  for  the  same 
preeminently  nitrogenated  principle  as  an  almost  indispen- 
sable article  of  daily  food. 

^'Chelerythrinay  or  Chelerythrine. 

5468.  ^This  substance  is  extracted  from  the  roots  of  the 
cbelidonium  majus,  by  digestion  with  dihite  sulphuric  acid. 
The  liquor  so  obtained  is  to  be  evaporated  and  mixed  with 
ammonia.  The  brown  precipitate  which  falls  is  to  be 
washed,  pressed  between  folds  of  paper,  and  digested  in 
alcohol,  with  some  sulphuric  acid.  The  alcoholic  solution 
being  mixed  with  water,  and  the  spirit  distilled  off,  the  re- 
aidual  liquor  is  precipitated  by  ammonia,  and  the  precipi- 
tate being  washed  and  dried  by  pressure,  is  to  be  digested 
in  ether,  and  the  ethereal  solution  evaporated  to  dryness. 
The  mass  so  obtained  is  then  digested  in  dilute  muriatic 
acid,  which  leaves  a  resinous  substance  undissolved.  The 
deep  red  liquor  evaporated  to  dryness,  and  washed  with 
ether,  leaves  a  mixture  of  muriate  of  chelcrythrine  and 
nuptate  of  cheledonine ;  the  former  of  which  is  dissolved 
by  washing  with  a  small  quantity  of  water,  whilst  the  latter 
remains  undissolved/' 

5469.  "From  the  solution  of  the  muriate,  the  chclcryth- 
line  is  precipitated  by  ammonia,  as  a  white  curdy  powder. 
From  its  ethereal  solution  it  remains  as  a  resinous  mass, 
which  remains  soft  for  a  lonjj  time ;  it  is  insoluble  in  wa- 
ter; its  solutions  in  alcohol  and  ether  are  jKile  yellow. 
With  acids  it  forms  salts  of  a  rich  crimson  colour,  which 
generally  crystallize.  Tannic  acid  produces  in  their  solu- 
tions a  precipitate  soluble  in  alcohol/'  Verbatim  from 
Kane,  1070. 


OR  (I  A  NIC  CHBMieTHY. 


"Chelidonia,  or  Cheltdomne. 


5470.  "The  preparation  of  this  substance  has 
great  part  described  in  the  preceding  article.     By 
iDg  the  sparingly  soluble  muriate  with  ammonia,  *'" 
BoTving  in  sulphuric  acid  and  precipitating  with 
acid,  it  is  freed  from  all  traces  orchelerythrinc,  an 
the  pure  chelidonine,  separated  by  ammonia,  is  dL-   . 
in  boiling  alcohol,  from  which  it  crystalliziis,  on  cocfeu 
in  brilliant  colourless  tables.     It  is  msoluble  in  valeTiW 
luble  in  alcohol  and  ether;   it  tastes  bitter,  nnd  M 
alkaline;  its  salts  are  colourless,  and  those  with  liie 
ral  acids  crystalhze;  its  solutions  give  with  tamiii 
a  precipitate."     Verbatim  from  Kane,  1071. 

Of  Atropia,  or  Atropine. 

5471.  Atropia   is    procured  from  a  decoction  of 
leaves  of  the  Atropa  belladonna,  or  deadly  o^iitik 
Two  pounds  of  the  leaves  were  boiled  in  successin  l 
tions  of  water,  which  being  united,  and  Bulphuiic  m 
added  to  the  whole,  the  resulting  liquid  was  nlleredf^ 
yielded  a  crystalline  precipitate  with  potash.     ThU  pi 
pitate,  repeatedly  dissolved  in  acids,  and  prcciplti 
alkalies,  gave  pure  atropia.     Thus  obtained,  it  ia 
white,  and  quite  tasteless.     When  recently  precipiti 

is  slightly  soluble  in  water.  After  being  dried,  it  isiaicl 
ble  in  water,  ether,  or  oil  of  turpentine,  in  cold  alcflh^ 
is  sparingly  soluble;  but  copiously  in  the  same  meuOi 
when  boiling  hot.  ^ 

5472.  Atropia  forms  compounds  with  acids,  which  fl 
not,  however,  be  rendered  so  neutral,  as  aot  to  indiQ 
acidity.  ^ 

Of  Aconitia,  or  Aconitinc,  I 

5473.  The  fresh  expressed  juice  of  the  moDkbood,! 
nitum  napellus,  being  boiled  and  filtered,  the  resulting  fj 
liquor,  subjected  to  an  excess  of  carbonate  of  pota«B|j| 
be  agitated  with  ether  so  long  as  it  takes  up  any  iM 
On  vaporizing  the  ether,  aconitia  is  deposited.  Frow 
dry  plant,  or  its  seeds,  a  solution  of  aconitia  may  baj 
tained  by  water  holding  an  ounce  of  sulphuric  aeiil 
each  pound.    This  may  he  decomposed  by  carbooilp 
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md  the  alkali  extricated  from  the  resulting  precipi- 
j  ether  or  alcohol.  Aconitia  crystallizes  from  an 
.1  or  alcoholic  solution,  ^  partly  in  white  grains,  but 

most  part  forms  a  colourless  vitreous-looking  mass, 
a  sharp  bitter  taste,  and  is  intensely  poisonous.  It 
.ble  of  neutralizing  the  most  powerful  acids.    Its  so- 

give  a  white  precipitate  with  alkalies  proper,  or 
iloride  of  gold;  with  iodine  an  orange  precipitate. 

Of  Belladoniaj  or  Belladonine. 

I.  This  alkali  is  obtained  by  subjecting  the  dried 
'  belladonna  to  distillation  with  a  solution  of  caustic 
t  precipitating,  from  the  liquid  which  comes  over, 
ali  with  which  it  is  accompanied,  by  chloroplatinic 
ind  heating  the  washed  precipitate  with  carbonate 
ash.  The  belladonia  bein^  sublimed,  condenses  in 
ess,  rectangular,  prismatic  crystals.  Belladonia, 
olated,  has  a  penetrating  odour  resembling  that  of 
lia,  and  forms  a  solution  with  water,  which  reacts 
It  of  an  alkali.  It  is  not  very  poisonous.  Its  salts 
ich  like  the  corresponding  ammoniacal  salts. 

Of  Daturia,  or  Daturine. 

>.  The  seeds  of  the  datura  stramonium,  vulgarly 
as  the  thorn  apple,  Jamestown,  or  jimson  weed, 
e  juice  of  the  leaves,  capsules,  and  stems,  contain 
Laline  principle  to  which  the  name  at  the  head  of 
tide  is  given.  It  is  to  this,  that  the  efficacy  of  the 
nt  constituted  by  the  inspissated  juice,  and  the  well 
poisonous  property  of  the  plant,  are  due. 
).  Agreeably  to  the  process  of  Brandes,  who  first 
d  daturia,  the  seeds  are  to  be  boiled  in  alcohol,  and 
sia  being  added,  the  resulting  precipitate  is  to  be 
lived  by  the  same  liquid.  According  to  Kane,  it 
3  obtained  by  the  same  processes  as  aconitia^  above 
^d.  # 

r*.  From  its  solution  in  spirit,  it  crystallizes  in  very 
it  groups  of  needles.  It  is  quite  inodorous  when 
ilthough  the  juice  of  the  plant  smells  disgustingly 
ic.  It  is  bitter,  and  tastes  somewhat  like  tobacco. 
\  solution,  it  requires  72  parts  of  boiling  water,  250 
1  water,  21  parts  of  ether,  and  3  of  alcohol.  It  fuses 
212%  and  at  a  higher  temperature  volatilizes,  un- 
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chao^d,  in  white  clouds.  It  reacts  like  an  alkali. 
capable  of  forming,  with  acids,  cryaiallizablc  pa)ts, 
are  highly  poisonous.  In  its  habitudes  with  roagi 
resembleH  atropia. 

Of  Conina,  or  Coneine. 

5478.  This  alkali  exists  in  al)  parts  of  the  liemlockA 
nium  maculatum),  especially  in  the  Bceds,  from  whi 
may  be  extricated  by  the  following  means: — They  aflSI 
be  bruised,  and  being  mingled  with  one  part  of  a  coatd 
trated  solution  of  potash,  and  eight  of  water,  are  to  be  ll 
jected  to  the  distillatory  process  till  the  wnier,  whiefa  ■ 
tils,  becomes  inodorous.  The  distilled  soUiiion,  afierbtfl 
neutralized  by  eulphuric  acid,  must  be  eva|)oriilcd  toll 
consistency  of  a  syrup;  and  being,  in  this  stale,  traHl 
two  or  three  times  with  a  mixture  of  one  part  of  etheriil 
two  of  alcohol  of  820",  the  coneine  is  taken  up.  Sfl 
water  being  added,  the  ether  and  alcohol  are  removeM 
distillation,  and  the  residual  water  by  evaporation.  Tbsl 
siccated  residuum  is  to  be  mingled  with  half  il5  weigM 
a  concentrated  solution  of  caustic  potash,  and  subjet^u 
distillation  with  a  receiver  carefully  refrigerated.  Tbefl 
portion  must  be  separated  from  the  aqueous  portion  oTl 
liquid  which  comes  over,  and  this  last  again  distilled  Jl 
hydrate  of  lime.  From  any  ammonia  with  which  il]^ 
be  associated,  the  coneine  may  be  freed  by  expogiucAl^ 
few  hours  in  vacuo,  over  sulphuric  acid.  j 

5479.  Pure  coneine  is  extremely  poisonous,  exiatil|]| 
the  form  of  a  colourless  transparent  liquid,  of  tlic  d«aa94 
.890.  Its  taste  is  disgustingly  sharp,  its  smell  highly  M 
seous  and  pungent,  somewhat  like  that  of  the  piauu  1^ 
soluble  in  100  parts  of  cold  water,  which  becomes  t 
by  being  heated;  but  four  parts  of  coneine  dissolve  o 
water,  forming  a  solution  which  may  be  rendered  I 
by  the  heat  of  the  hand.  With  alcohol,  ether,  aod  ( 
mingles  in  all  proportions.  It  distils,  per  se,  at  370%'lj 
requires  less  heat  when  associated  with  the  slenm  of  fc 
ing  water.  It  reacts  like  an  alkah  with  the  nssistanotf 
water,  but  not  when  anhydrous.  It  is  capablo  of  m 
rating  acids  completely,  having  (he  least  atomic  weigU 
any  known  organic  alkali.  Its  salts,  which  crystallini 
imperfectly,  arc  decomposed  by  nmch  water.  lo  alcot 
or  a  mixture  of  this  solvent  with  ether,  tber  readily  4 
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ilTe,  but  are  insoluble  in  pure  ether.  The  precipitate 
iven  by  their  aqueous  solutions  with  iodine  is  saffron  yel- 
m;  that  yielded  with  tannic  acid,  white. 
5480.  Coneia  is  coloured  blood-red  by  nitric  acid.  By 
cposure  to  air  it  turns  brown,  and  is  resolved  into  ammo- 
ia,  and  a  bitter,  inodorous,  resinous  substance,  which  is 
M  poisonous. 

Of  Nicotina  or  Nicotine. 

5481*  The  preceding  name  is  given  to  the  active  poi* 
moos  principle,  to  which  tobacco  (nicotiana  tobaccum) 
id  some  other  plants  owe  their  active  quahties.  For  its 
aboration,  the  means  described  as  suitable  for  the  elabo* 
ition  of  coneia  may  be  used,  though  in  either  case  mag- 
»ia,  or  any  other  alkaline  earth,  or  alkali,  might  be  sub- 
ituted  for  potash  in  the  first  step  of  the  process. 
5462.  Pure  nicotina  or  nicotine  is  a  colourless  oily  liquid, 
kdowed,  in  a  high  degree,  with  the  odour  and  taste  of  to- 
leco.  It  is  soluble  in  water  in  all  proportions,  which  is 
property  displayed  by  no  other  organic  base.  It  is  also 
iluble  in  ether  or  alcohol.  When  anhydrous,  it  emits 
bite  fumes  at  212%  and  at  480°  distils,  undergoing,  how- 
rer,  a  partial  decomposition.  Its  distillation  is  accom- 
isbed  easily  with  the  aid  of  water. 

5483.  Nicotina  is  highly  alkaline,  neutralizing  and  form- 
ff  soluble  salts  with  acids.  Of  these,  some  are  crystalli- 
hle,  retaining,  however,  the  savour  of  tobacco.  Sub- 
cted  to  alkalies,  they  evolve  the  characteristic  odour  of 
te  plant.* 

5484.  Of  Lobelina  or  Lobeline. — It  appears  by  an  article 
the  American  Journal  of  Pharmacy  for  April,  1841,  Vol. 

\j  that  Mr.  Procter,  jr.,  has  obtained  an  organic  alkali 
ym  the  seeds  of  the  lobelia  inflata,  by  acidulated  alcohol, 
■placement,  ether,  and  evaporation.    This  alkali  is  repre- 

*  A  sew  proceM  for  the  evolution  of  nicotina  ii  ipven  in  the  Jonrnale  de  Pharma- 
lyftc  Febraary,  1842,  of  which  the  itepa  are  aji  ^llowi : — Maceration  for  24  houra 
Vltar  acidulated  by  Bulphuric  acid ;  expression,  evaporation  to  a  sympj  oonaiat. 
tm\  AtUllation  with  potash,  water  being  added  to  prevent  injurioui  concentration; 
■IraiiiUion  bj  oxalic  acid  ;  evaporation  to  dryness ;  treatment  with  absolut*  alco. 
ly  wkith  takes  up  oxalate  of  nicotina;  evaporation,  decomposition  by  potash;  solo* 

•  \m  tllMr;  evaporation,  whence  results  nicotina  free  from  all  impurity, excepting 
IV  9mA  aleohol  in  a  minute  proportion.  Agreeably  to  M.  V.  Ortigoaa.  the  author 
IhiiBslrpcoeeaa,  nicotina  forms  compounda  with  chloropUtinic,  and  chlorohydrar- 
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aentcd  as  Iiaviog  a  great  resemblance  to  nicotina,  batil 
much  less  poisonoua. 

Picrotoxine  or  Picroloxia. 

5485.  The  extremely  poisonous  principle  of  cocodtfil' 
dicus  has  received  the  name  of  iiicroloxiDO,  but  hie  iW 
been  conceived  to  have  basic  properties,  nor  to  agreftilfc 
the  organic  alkalies  in  holding  nitrogen  as  an  cloat. 
Nevertheless,  in  the  late  work  of  Licbig  and  GrtsBfi 
1168,  it  is  arranged  among  the  organic  Iwhjs,  aod  iti*' 
leged  to  have  been  shown,  by  the  recent  rescarclKSoffc 
Francis,  lo  contain  1.38  per  cent,  of  nitrogi-n.  Yd  i  no* 
formula  for  picrotoxine  bad  not  been  published  \lj  4 
chemist. 

5486.  I  subjoin  an  account  of  the  process  for  ntito 
this  alkali,  and  a  description  of  its  projiertics. 

5487.  The  bruised  cocculus  indicus,  alter  bciuff  - 
jected  to  pressure  in  order  to  expel  as  much  as  posabii* 
their  fat  oil,  are  boiled  in  alcohol.  The  alcohol  being* 
parated  from  the  matter  which  it  takes  up  by  dislilwi^ 
this  matter  is  redissolved  in  boiling  water,  slighik  aodf 
lated.  From  Ihe  resullmg  solution,  on  cooling,  thepio* 
toxine  separates  in  short,  thin,  colourless  prisms,  iDaurtf- 
tible  of  fusion.  Picrotoxine  is  soluble  in  twenty-fire  pu* 
of  boiling  water,  and  very  soluble  in  alcohol.  \\  s  ^ 
tensely  bitter,  and  highly  poitioiious.     Its  formula  i*  pf*" 

~bably  C^H'CN. 

Of  Anliarine  or  Aniiaria. 

5488.  The  deadly  poison  to  which  the  name  of  oBl 
has  been  given,  is  in  a  predicament  analogous  to  thll 
which  picrotoxine  has  heretofore  been  placed.  I  I 
that  of  resembling  many  of  the  organic  bases  in  its  . 
vity  as  a  poison,  while  devoid  of  nitrogen,  and  of  tl*1iK' 
lity  to  react  like  a  base.  It  is  not,  however,  improhlU^ 
that  further  researches  may  prove  the  pretensions  o(  * 
tiarine  to  rank  with  the  organic  alkalies,  both  as  to  |i^ 
perties  and  composition.  Antiariue  is  the  active  priMVl 
of  that  most  deadly  upas  poison,  respecting  nhich,  h^Q 
exaggerated  accounts  were  published  ab<jul  forty  if«>* 
ago,  representing  that  the  tree  producing  it  coiiU  aH 
without  loss  of  hfe,  l)e  approached,  unless  upon  the  win^ 
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ird  side.  Its  formula  is  alleged  to  be  C"  W^  O*.  It 
rstallizes  in  small  scaly  crystals,  soluble  in  250  parts  of 
Id  water,  70  of  alcohol,  and  2790  of  ether. 

Bases  from  the  Oil  of  Mustard. 

5489.  Thiosinnamina. — When  the  oil  of  mustard  is 
)ught  in  contact  with  three  or  four  times  its  volume  of 
ong  ammonia,  crystals  are  formed,  which  are  purified 

recrystallization.    These  are  thiosinnamina:  formula, 

5490.  Thiosinnamina  is  soluble  in  hot  water,  less  so  in 
Id  water,  soluble  in  alcohol  and  ether.  It  has  a  bitter 
ite,  and  no  smell.  At  392''  it  is  resolved  into  ammonia, 
d  a  resinoid  basic  compound  not  fully  investigated, 
liosinnamina  combines  with  acids,  but  its  salts  do  not 
^stallize:  it  yields  a  chloroplatinate  with  chloroplatinic 
id-C  H«  N*  S^  HC  CI  +  Pt  CI;  and  with  corrosive  sub- 
late  a  chlorohydrargyrate  =  C^  H*  NS  CI  +  H§  CI. 

5491.  Sinnamina. — This  new  base  is  obtained  m  the  fol- 
ding way: — Thiosinnamina  is  digested  with  moist  hy- 
ated  protoxide  of  lead  till  all  the  sulphur  is  removed, 
le  residue  is  then  subjected  to  water,  finally  to  alcohol, 
le  resulting  solution  is  evaporated  to  a  syrup,  which^ 
er  some  time,  deposits  fine  transparent  crystals  of  sin- 
niina. 

5492.  Sinnamina  is  a  powerful  base,  expelling  ammonia 
m  its  salts,  and  precipitating  the  solutions  of  peroxide  of 
»n,  of  copper,  and  of  lead.  It  combines  with  acids,  but 
5lda  no  crystallizablc  salts.  It  is  precipitated  by  chloro- 
itinic  and  chlorohydrargyric  acid,  and  throws  down  sil- 
r  from  its  solution  in  nitric  acid.  When  heated,  it 
olves  ammonia,  and  leaves  a  basic  resinoid  matter. 
le  production  of  sinnamina  from  thiosinnamina  is  ef- 
ted  by  the  separation  of  all  the  sulphur  with  more  or 
B  hydrogen.  I  say  more  or  less^  since  it  is  not  known 
th  certainty  whether  the  formula  of  sinnamina  is  C®  H®N' 
e  IP  iV.     (Varrcntrapp  and  Will.) 

5493.  Sinapolina. — This  compound,  discovered  by  Si- 
m^  is  obtained  by  depriving  oil  of  mustard  of  its  sul- 
iir,  by  the  action  of  baryta  or  of  oxide  of  lead.  It  is 
able  in  hot  water  and  alcohol,  and  crystallizes  in 
DUigf  fatty,  fusible  scales.  Its  solution  has  an  alkaline 
iction.    It  combines  with  acids,  and  may  be  separated 


8M  ORGANIC  CHBHIBTBT' 

from  them  by  ammonia.  When  combined  with  dikmhj^ 
dric  acid,  it  precipitates  the  chloroplatinic  anil  chlorolp 
drargyric  acids.  It  is  generated  from  the  oil  of  mi 
by  the  abstraction  of  two  atoms  of  bisulphuret  of  cartel 
and  the  addition  of  two  atoms  of  water.  Thus  C"  H"If 
S*  +  2H0  =  C*  H'^  N*  O*  +  2CS*.  The  formula  oTi 
polina  is  C"  H"  N-  O*.     Liebig  and  Gregory,  1156. 

6494.  Cinchovine  is  the  name  given  by  Manzini  to  a  new  «IkaE 
he  has  exiricaied  from  a  species  oi'  Peruvian  bark,  "cincbooa  o*a& 
is  obluined  by  a  procesK  anulogciua  to  thai  usually  employed  to 
nia.  No  statement  is  made  respecting  its  ellicacy.  On  rhw 
because  of  the  alleged  incfficacy  of  the  species  of  cinchoaa,  inm  VflK 
is  derived,  it  may  be  inferred  that  cinchovine  has  little  or  qo  prwXiCBl  n 
and  will  not  merit  that  more  should  be  said  of  it  here.  CoioMtB  Bm 
25.  125. 

54tf5.  Of  CiMmpeliaa  or  CigampeUne,  also  called  peltwino.     In  Mt 
port  on  Chemistry  Ibr  tS41,  Berzelius  gives  the  fallowiog  iDfonnMiaB  H 
Bpecling  this  base,  lately  discovered  by  VVjggers.     A  filtered  •olulicuiifr 
roots  of  cisampelos  parcira,  obtained  by  digestion  in  water  ■ddtilMirf^ 
sulphuric  acid,  is  saturated  with  carbonate  of  sod>i,  avoiding  to  sdd  ■■  ~^ 
cess.     The  precipitate  twice  washed,  and  well  dried  by  filtering  P*f^' 
subsequent  exposure  to  a  heal  of  212°,  is  subjected  lo  pure  etber.    lii 
taken  up  by  ibis  solvent,  it  is  recovered  from  it  pure  and  aokydraiH  hjr 
diaiillatory  process. 

S406.  Cisampelina,  thus  procured,  13  hard  and  brittle,  and  to  iW li 
sweetish  btlicr  and  nauseous.  It  has  not  been  crystallized.  ItiaMI 
principle  that  the  irwdiciaaJ  properties  of  the  cisampolos  pamni  Sff ' 
cribed.  The  alkali  is  called  pclosine  by  Wiggers,  its  diaocnvttt  li 
concur  with  Berzelius,  that  the  uihcr  appellation  is  preferable  u  iMifi 
the  idea  of  its  source. 

5497.  Of  Hederina,  Surinamina,  and  Jamaicina.—\a  lS2t.llbBi^ 
lenschmidl  alleged  that  be  bad  discovered  two  bases  in  the  "corttap  "' 
jamaicensis  and  surinamensis."  Agreeably  to  Berzelius'  report,  d» 
ence  of  these  bases  has  lately  been  confirmed  by  Wiggers.  Vaad 
and  Chevalier,  according  to  the  same  authority,  have  discovemt  ■  bi 
hedera  helix.  As  no  important  ellicacy  is  ascribed  to  these  Imscs,  I  do  Ml 
deem  it  necessary  to  notice  them  further.  The  same  consideratioM  IM* 
prevented  me  from  noticing  some  other  bases,  of  which  nc<H>uius  an  uht 
found  in  the  reports  of  the  great  Swedish  chcmiati  and  likewMe  nkl' 
and  ammellne,  derived  from  melam,  a  product  of  the  decompoaitiMtfi 
phocyanide  of  potassium. 

Ofctftain  general  eharacterittict  of  the  Yegtiahle  Atkalir*  HMmgd^ 
ing  them  from  Inorganic  Bates,  and  of  tltox  which  diMimgwUi  i^ 
into  Mveral  difertnt  »eU. 


5498.  It  is  observed  by  Liebig  and  Gregory,  that  ihf  orgamc  t 

Suire  less  acid  for  saturatian  in  proportion  as  they  coniain  iDure  oiuK 
[though  it  is  well  known,  that  the  more  the  oxygen  in  an  imurgtme  M 
the  greater  the  quantity  of  acid  which  its  satur«lioa  rvquira^ 


BA8B8  nOM  THE  OIL  OF  MUBTABD*  519 

54M.  AgreeaUy  to  the  same  authority,  the  salts  formed  with  aconita, 
•tropia,  brucia,  ciachooia,  codeia,  coniciDa,  deiphinina,  emetia,  morphia, 
nucotia,  quinia,  strychnia,  veratria,  are  precipitated  white  by  an  infusion 
of  galls.  The  precipitate  is  a  tannate,  which,  by  exposure  to  the  air,  be- 
ooD  verted  into  a  soluble  gal  late.* 

5600.  I  will  here  quote  from  Liebig  and  Gregory  the  following  arrange- 
of  the  alkalies,  as  1  consider  such  generalization  always  instructive, 
and  serviceable  to  the  memory. 

1  •    VoUuile  hcMs  containing  no  oxygen* 

These  are  anilina  and  nicotina,  to  which  may  be  added  conicina,  although 
k  is  not  certain  that  this  base  is  destitute  of  oxygen. 

2.  Bates  derived  from  the  oil  of  mustard. 

These  are  thiosinnamina,  sinnamina,  and  sinapolina* 

8*  Basts  of  cinchona  hark. 

These  are  quinin,  cinchonia,  and  aricina. 

4.  Bases  of  the  papaveracea,  or  the  various  species  of  poppy* 

These  are  morphia,  codeia,  narcotina,  thebaina,  pseudomorphia,  naroeia, 
and  chelidooia. 

5.  Bases  found  in  the  solanacea,  strychnacea^  and  other  plants  of  the 
mme  kimL 

These  are  atropia,  solan ia,  jervina,  brucia,  strychnia,  sabadillia,  veratria, 
Mphk,  staphisia,  menispermia,  picrotoxia,  emetia,  corydalina,  berbina,  pi- 
penoa,  harmalina,  cafieia,  and  theobromia. 

5501.  I  have  pointed  out  the  inconsistency  of  supposing  (5406),  that 
when  chlorohydnc  acid  combines  with  an  organic  alkali,  it  can  form  a 
oombiiiatton  meriting  to  be  called  a  chlorohydrate,  while  the  compound 
vrhicb  is  engendered  by  the  contact  of  this  acid  with  ammonia  is  supposed 
to  be  ammonium;  in  other  words,  a  chloride  of  the  hydrvret  of  that  gaseous 
bod^*  On  the  subject  of  iodine,  Berzelius  has  urged  that  ''a  direct  combi- 
naium  of  it  with  a  vegetable  alkali  is  as  unlikely  to  exists  as  would  be  a 
like  combination  with  any  other  salifiable  base;  andy  moreover ^  experience 
AowSj  that  such  compounds  are  neither  iodates^  nor  iodohydrates  of  the 
vegetable  alkali,^* 

5502.  It  must  be  evident,  that  whatever  objections  exist  to  assuming  the 
of  iodohydrates  of  organic  bases,  apply  with  equal  force  to  the 
of  chlorohydrates,  bromohyd rates,  fluohydrates,  &c.  &c. 

5508.  Agreeably  to  the  representations  of  Berzelius,  founded,  in  great 
measure,  on  the  investigations  of  Bouchardat,  the  vegetable  alkalies  have, 
in  ooinmon  with  ammonia,  a  propensity  to  combine  with  two  atoms  of  io- 
Hoe,  the  recognised  combinations  consisting,  not  of  an  atom  of  iodine  and 
lo  atCNin  of  the  vegetable  alkali,  but  of  a  compound  of  iodine  and  an  iodo- 
lydrate  of  such  an  alkali.  This  view  of  the  subject  is  alleged  to  be  cor- 
oborated  by  the  fact,  that  the  combinations,  with  organic  bases  alluded  to, 
m  obtained,  with  pre-eminent  facility,  by  a  double  decomposition  conse- 
pKot  to  the  reaction  ofbi-iodidc  of  potassium  with  a  salt  formed  by  an  acid 
rith  one  of  these  alkalies.  The  precipitates  of  the  alkalies  in  question,  thus 
ibtained,  are  nearly  insoluble,  and  in  many  instances  well  characterized. 
leoce  the  bi-iodide  of  potassium  may  be  more  confidently  relied  upon  as  a 
iredpitant  of  the  organic  bases  than  tannic  acid.     From  the  precipitated 

*  This  doei  not  altogether  confirm  the  allei^tion  qnoted  from  O.  Henry  (53C7, 
tSs),  thai  tannic  acid  may  be  used  ai  a  general  mean  of  precipitating,  and  thai  ob- 
lUlitf  the  ve{[etable  alkaJiei.  No  laggeition  ia  made  ai  to  any  advantageous  me- 
lod  oi  extracting  the  alkali  from  the  precipitate. 


SaO  ORGAMC  CHBHIBTRY. 

compound  of  iodine  with  ths  orf^nic  base,  tbo  IrUet  may  be  libonitd^ 
'Suttjiv^ting  iheiD  in  wnlcr  lo  siilphy'dric  ncid.  By  iheae  nieaiu  ihr  to^iMS 
coovcrlmj  into  imlnhydric  nc'tii,  nftrr  which,  on  inorganic  alkaliae  b««d 
ac^ornie  the  organic  alkali  in  an  ieolaled  atal(<.  Bonieliiis'  R«{N>rt  forlMik 
p.  179. 

6.'i04.  It  may  be  proper  to  mention,  ihat  bi-iodidoof  poisvaium  bAnrf 
.by  digwting  itxIitK^  in  a  solution  of  iodiilo  of  potnwium,  usuaUy 
designalod  in  the  shops  as  hydriodntc  of  potash.     Tho  bi-iotUde  okibt 
exist  in  solution,  according  to  Burzclius.* 

Constitution  of  the  Organic  AlkalieS' 
5505.  All  the  organic  alkalies  are  constituted  of  Uyix¥ 
gen,  carbon,  oxygen,  and  nitrogen,  except  meliimtiit,  nw 
iina,  and  anilina,  whicll  arc  devoid  of  oxygen. 

55U0.  It  is  renmrkablc  that  these  alkalies  cantam  a  ver^ 
large  proportion  of  carbon,  and  tliat  in  all  of  them  nhro* 

•  "CA/orirfi  of  Gold  at  a  ttU  af  Mrtoin  VigrtaMc  Jllhiilif —1AM 
Thlbiergii  lincl,  ihot  pprcliloride  of  j;old  ii  n  mcrn  dccifilvc  U>l  nf  eatuia  »f^i> 
alkalis*,  tlion  (ho  double  chlando  of  nDaium  and  gold  aJroadv  Amplojed  C«  A  |» 
poM.  Tho  follDwins  nro  ihc  oalour*  of  the  ptocipiutci  which  il  pMdDCM  bMAT 
Hlta  of  ths  aoneietrBikiiliei  dmolvrd  in  v>ter^— Qumla,  buff-eoliwivd ;  cMbifc 
■ulphDr-vBlluw ;  ■Iryahnia,  tMrnnrvvpllou':  vrtaitia.  ilieliilr  gnaniab-nQBB  ;.kn- 
Bi>.  iDilk ,  R»ftc«,  and  llmti  citmnlxlr-brixvn  :  ni<>rpli;a,  )-r1ln«,  Ohd  hlulilk.  Md^ 
vintM.  In  lliii  lut  stitethe  ^Id  being  rcduri-d,  the  prceipiutii  in  inantoMali' — ~ 
■ioahot,  tha  cnuilic  alkaliea,  tnd  aul|ihuric.  iiilric.  oi  h^drwhlohn  acMs;  kM 
with  aigm  regii  «  aululion  which  in  iireoipilati-d  b;  pmtnaul)ili«tii  of  irtia. 

"  All  llieae  precipiutea.  with  Uie  oicepllon  riiiMiliunDd,  are  v«tj  Bolnbte  IB 
inanlaUein  elher,  and  alight  If  solablc  in  waler.    ThcT  appear  la  ha  am"  ~ 
fold,  ehlorine,  and  the  Tegelabta  alkali,  aince  their  alciMatiii  aaInU«^  i 
Unnin,  give  n  rreeniah-blue  precipilale  of  reduced  fold  ;  if  Iha  aol    ~'   ~ 
and  tliB  alcDlinlbB  BVapnriiled  b;  heat,  a  pfccipilile  of  laoDake  iif  Uii 
ia  rurriied.     TIid  liquuc  ngnin  filleied,  giving  uilh  nilrale  of  ailver  a 
inanluble  in  nilric  acid,  but  soluble  in  amnionis. 

"  Among  thn  reactinni  of  chloride  of  gold,  Ihoic  which  occur  villi 
braeia,  to  Ihe  anthnra  appear  to  be  oap^cially  iiiiporunl,  as  they 
marked  to  prerenl  Ibeae  alkaliea  from  being  miatakcn  for  each  oUiei 
prellT  good  charnclerialici  for  dlstinguiihing  biucia  from  alrf  clinia. 

"  The  aulbara  have  alao,  ai  the  rcsulla  of  their  eipcrimonlj,  ajriTei]  at 

■'  III.  Bj  the  aid  of  rcsctonta  it  i*  pniaible 

■try chnia,  and  brucia.  in  lubalancei,  which,  i _...^  

alkaline,  have  utidsr^one  the  vinnui,  acelic.  or  putiofaclira  feiincnutina.  M.(W^ 
it  the  pnlrefactire  frrmi-ntRliun  doe*  not  altrr  tiiorpbia. 
iodic  acid,  or  a  oncenlrilnd  sniiilion  of  lliia  aeid.iaaMlf^ 
ble  of  Wns  ilccoiiipuaed  by  neutral  aioliicd  bodiua;  but  a  dilute  aoJutiaa  ef  UMM 
cannot  be  dccompoaed  by  tliem,  unleas  tliere  be  addrd  conceDlnled  auiplMkW^ 
oryalall liable  ncctlc  acid,  oxalic,  citric,  or  lailaric  acid. 

"Hdly.  Iodic  acid  ihould  not  be  employed  aa  a  leal  of  morphia  without  tlM  fM^ 

"4lhl;.  Perchloride  of  gold  pri>dncaa  auch  effecla  with  Ihe  *e«etahla 
MTTd  to  diatinguinh  miirpbln,  brucia,  and  etrjcbnia.  from  each  irtliM.  . 

"filhly.  The  reagenU.  on  which  Ibo  grenleet  reliance  may  br  )ilanJ  a  MB* 
morphia,  are  nitric  acid,  neutral  perchloride  of  iron,  snd  iwrchlnriile  sTpU. 

"tilhly.  By  the  n.e  of  rea genu,  morphia,  which  has  been  miisd  wiihhmt,^^ 
or  milk,  mey  be  detected.  ^ 

"  Tthly.  Il  U  alao  oaay  to  prove,  by  reagente,  the  pretence  of  mecoole  vH  it^f 
or  milk,  aapeeially  when  the  mecouata  of  lead  i*  decompoaed  liy  dllDU  ia%|pv 
moid."    Journal  de  Chimie  M^eale,  Ootobre,  IMS  (5aHS). 
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geh  is  likewise  a  constituent.  It  was  at  one  time  alleged, 
that  agreeably  to  the  analysis  of  Liebig,  in  an  equivalent 
of  any  of  the  alkalies  of  this  class,  only  one  atom  of  ni- 
trogen could  be  found;  but  subsequent  observation  has 
Bbown  that  this  rule  has  exceptions,  since  strychnia  and 
brucia  are  found  each  to  contain  two  atoms  of  the  element 
10  question ;  and  in  some  other  organic  bases,  the  propor- 
tion of  nitrogen  exceeds  that  of  an  atom  to  each  equiva- 
knt. 

5507.  As  morphia  differs  from  codeia  only  in  having 
one  atom  more  of  oxygen ;  and  as  the  three  alkalies  of 
Peruvian  bark  differ  only  in  the  same  way;  quinia  having 
one  atom  of  oxygen  more  than  cinchonia,  and  aricina  one 
atom  more  than  quinia,  the  idea  has  been  suggested,  that 
in  either  case  a  compound  radical  may  exist,  capable  of 
different  degrees  of  oxidation :  hence  morphia  might  be  a 
bioxide,  and  codeia  a  protoxide,  of  the  same  radical ;  and 
in  like  manner  cinchonia  might  be  a  protoxide,  quinia  a 
bioxide,  and  aricina  a  trioxide,  of  one  radical.  But  were 
Bach  the  case  when  presented  to  chlorohydric  acid,  these 
oxides  should  severally  have  their  basic  oxygen  replaced 
by  as  many  atoms  of  chlorine,  which  is  alleged  not  to  ar- 
nve  when  the  experiment  is  tried.  They  all  form  muriates, 
80  called,  under  the  circumstances  alluded  to,  or  chloro- 
hydnirets,  agreeably  to  the  view  which  I  have  taken  re- 
specting their  composition  (5406).     See  Kane,  1078. 

OF  IMPORTANT  NEUTRAL  ORGANIC  PRINCIPLES. 

Of  Saiiciriy  a  neutral  Prificiple^  and  of  some  Compounds  de- 
rived from  i(^  or  to  the  production  of  which  it  contributes. 

5508.  The  discovery  of  an  analogy,  if  not  an  identity, 
between  the  properties  of  the  oil  of  gaultheria,  and  that  of 
Ipirea  ulmaria,  induces  the  idea  that  there  may  be  essen- 
tial oils  in  other  vegetables  of  the  United  States,  which 
may  be  worthy  of  examination.  Under  these  circum- 
Mances,  every  fact  connected  with  the  origin  of  the  oil  of 
ipirea  ulmaria,  must  be  interesting  to  the  lover  of  science. 
t  hftve,  therefore,  deemed  it  expedient  to  give  some  details 
respecting  salicin,  the  principle  from  which  the  artificial 
^  hydruret  of  salycyl,"  saliculous  acid,  is  extricated,  and 
ikewise  of  some  substances  resulting  from  the  reaction  of 
Ualicine  with  other  bodies  (5321,  d:c.). 
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5509.  Salicin,  C^  H^  O'^  +  6H0.  This  interestuv 
principle,  discovered  by  Le  Roux  and  Buckner,  is  foud 
in  the  bark  and  leaves  of  biiier  willows,  and  in  that  of 
some  species  of  poplar.  It  is  obtained  by  subjecting  tks 
bark,  in  a  divided  state,  to  successive  portions  of  bo3> 
ing  water.  The  resulting  decoctions  being  united  asd 
concentrated  by  further  ebullition,  are,  while  boiling.  Bin* 
gled  with  litharge  gradually  added  until  the  liquor  ke- 
comes  colourless.  The  lead,  combining  with  the  saficBi 
may  be  precipitated  from  it,  together  with  various  im- 
purities, by  adding  sulphuric  acid  at  first,  and  then  M^ 
phide  of  barium.  With  the  aid  of  charcoal,  and  repeatel 
crystallization,  the  salicin  is  obtained  finally  in  delicatfl^ 
silky  white  transparent  needles,  permanent  in  the  air.  It 
is  bitter  and  inodorous,  but  without  any  reaction  with  v^ 
[etablc  colours.  It  sustains  no  loss  of  weight  at  a  boOing 
leat,  but  at  a  higher  temperature  is  decomposed,  becomiag 
yellow,  resinous,  evolving  inflammable  vapour,  and  fioalf 
leaving  a  carbonaceous  residue.  It  is  soluble  in  fiye  parti 
of  cool  water,  and  in  any  proportion  in  boiling  water.  It 
is  no  less  soluble  in  alcohol,  but  is  insoluble  in  ether,  or 
the  fixed  oils.  It  forms  with  concentrated  sulphuric  add 
a  blood-red  solution,  which  is  blackened  when  heatsi 
Any  bark  which  contains  salicin  is  liable  to  be  reddened 
by  contact  with  sulphuric  ucid.  Salicin  is  thrown  dowa 
from  any  of  its  solutions  by  acetate  of  ammonia.  That 
saliculous  acid  is  evolved  by  distilling  salicin  with  sulphu- 
ric acid  and  bichromate  of  potash,  has  already  been  men- 
tioned (30G6,  5320). 

5510.  Saliretine,  C^°  H'^C-f  IIO,  is  a  rosinoiis  siibst«ince  produced  h 
boiling  salicin  (Mthor  in  diluted  sulphuric,  or  chlorohydric,  acid.  It  is  soiisbie 
in  caustic  alkalies,  excepting  ammonia;  likewise  in  alcohol  or  otht?r,  but* 
insoluble  in  water.  By  sulphuric  arid  it  is  ehauL^ed  to  a  bl(H"Kl-rcd:  ndA 
seems  likely  that  it  is  to  the  irenoration  of  this  resin  that  the  reddemnf  of 
salicin  by  that  acid  is  due.  One  atom  of  hydrated  s'tliretine,  uith  aoidooi 
of  raisin  sufijar,  comprise  the  elements  f>f  one  atom  of  hydnited  salicia. 

5511.  C/iIorosaliriru,,  (;*M1"(1*()".  Whm  a  solution  of  sahcrneaitn- 
prcgnated  wilh  chlorine,  a  crystalline  df^pn-sition  en>ues,  which  dissk>5'»«  it 
water  with  dilfuNilty,  hut  in  hot  alcohol  wilh  eas«'.  It  may  l»f»  con^hlered  m 
comprising  the  same  elements  as  sali<-it),  excepting  the  subsiitutiun  o\  ftftf 
atoms  of  chlorine  for  a  like  numl)er  of  hydrogrn. 

5512.  When  during  the  impregnation,  in  the  pnxress  ai>ovf  d«^scrb«i 
the  temperature  is  raised  to  110"^,  a  compound  is  obtained  in  which  je^tf 
atoms  of  hydrogen  have  been  replaced  bv  a  like  number  of  chlorine;  w^ 
mula  C«  H^"  Cl^  0'\ 
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M18*  Jttrftitfie*  Under  thia  appellation  Braconnot  designates  a  substance 
nrimng  from  the  decomposition  of  salicine  by  concentrated  sulphuric  acid. 
hire  rutiline,  when  moist,  appears  at  first  reddish-brown,  but  soon  becomes 
rellow ;  when  desiccated,  its  colour  is  brownish-black.  It  is  friable,  insi- 
lid,  inodorous,  and  insoluble  in  water  or  alcohol.  By  inorganic  acids  its 
me  is  changed  to  a  beautiful  red,  by  alkalies  to  a  deep  violet. 

0514.  Phloridxine,  C^  H^  0»  +  6H0.  The  preceding  name  has  been 
fma  to  a  principle  discovered  by  De  Koninck  in  the  bark  of  the  routs  of 
ipple,  pear,  cherry,  and  plum  trees.  In  composition  and  properties  it  is 
«ry  analogous  to  salicin ;  and  difiers,  as  respects  elementary  constituents, 
nly  in  having  two  more  atoms  of  oxygen.  Phloridziue  is  extracted  from 
my  bark  in  which  it  may  exist,  by  boiling  alcohol  of  the  specific  gravity  of 
BOO.  From  the  alcoholic  solution  thus  obtained,  it  crystallizes  on  the  re* 
noval  of  the  solvent  in  delicate,  colourless,  silky,  rectangular,  prismatic 
leedies;  which  are  soluble  in  1000  parts  of  cold  water,  and  in  every  pro* 
ortion  in  boiling  water.  The  solution  has  an  astringent,  bitter  savour, 
rithout  any  power  to  change  vegetable  colours.  In  alcohol  it  is  also  solu* 
lie,  but  is  insoluble  in  ether.  At  212^  it  loses  four  atoms  of  water  of  crys« 
aliization*    It  melts  at  320*",  but  is  not  decomposed  under  390°. 

A515.  Pkloridzeine,  C^^  H«*  O**  N*.  This  name  is  employed  to  desig- 
iBle  a  substance  obtained  by  the  reaction  of  phloridzine  with  ammonia  ami 
fmospheric  oxygen.  As  its  name  difiers  from  that  of  this  last  roentk>ned 
obstance  only  in  the  presence  of  an  additional  e,  and  conveys  no  idea  of 
•  comp08itk>n,  it  seems  very  ill  chosen.  By  simultaneous  contact  with  at- 
tiospheric  oxygen  and  gaseous  ammonia,  moist  phloridstntf  is  transformed 
oto  a  red  matter,  which,  readily  dissolving  in  liquid  ammonia,  may  be  pre- 
ipitafeed  therefrom  by  acids.  The  precipitate,  thus  obtained,  is  phlorid- 
tint*  It  is  formed  by  the  addition  of  eight  atoms  of  oxygen,  and  the  ele- 
neots  of  two  acorns  of  ammonia,  to  phloridxtn^.  An  ammoniacal  solution 
f  phloridzeine,  evaporated  within  an  exhausted  receiver,  including  some 
ngments  of  the  hydrate  of  potassa,  is  converted  into  a  purple  blue  resi- 
utim,  having  a  cupreous  metallic  brilliancy.  This  residuum  is  unalterable 
I  dry  air,  soluble  in  cold  water,  to  which  it  communicates  a  magnificent 
urple  blue.  This  solution  is  decolorized  by  deoxidizing  substances,  hut 
esumes  the  oxygen  thus  lost,  and  the  blue  colour,  on  being  re-oxposed  to 
be  air.  This  blue  rrsiduum  is  compounded  of  an  atom  of  phloridzeine, 
nd  an  atom  of  ammonia. 

5516.  Asparagine,  asparamide,  altheiney  agedoile, — These  are  the  syno- 
ymoos  appctllations  of  a  principle  capable  of  forming  a  crystalline  hydrate, 
!•  H"  ()•  N*-f  2H0,  which  loses  its  water  of  crystallization  at  248^  It 
I  fbond  in  asparagus,  in  liquorice,  in  the  rootof  althea  oflicinalis,  in  that  of 
le  potato,  and  various  other  plants.     It  crystallizes  in  large,  transparent, 

Sht  rhombic  prisms.  It  has  a  cooling  and  somewhat  nauseous  taste,  is 
uble  in  water  ond  diluted  alcohol,  but  insoluble  in  this  last  mentioned 
iquid  when  concentratod,  or  in  ether.  By  reaction  with  acids  or  alkalies, 
asisled  by  heat,  aspn rapine  is  n*solved  into  ammonia,  and  an  acid  called 
spaitic.  The  considerations  which  were  mentioned  as  giving  importance 
)  eaffein,  must  apply  to  asparagine  as  being  a  highly  nitrogenated  princi- 
te,  sinoe  such  principles,  without  any  very  sensible  activity,  may,  agree- 
bfy  to  the  suggestions  of  Liebig,  be  of  importance  in  supplying  the  nitro- 
en  requisite  to  facilitate  the  functions  of  life. 

5517.  Taraxacine. — Mons.  Polex  hos  extracted  from  the  nrilky  juice  of 
e  leontodon  taraxacum,  a  crystallizabic  substance,  which  he  has  named 
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taraxacine.  The  milky  juice  of  ihe  plont  ia  boilod  in  distilled  Mkr.ilf 
which  ntcnns  ihe  albumen  is  coagulaied,  involving  tbc  msin,  fany  ^B 
aad  taoulchotic.  The  conceniraicri  li<juof  is  tiUored,  and  nllownl  um^ 
rate  spontaneously  in  a  place  modern k-ly  warm.  The  laraxnCM  ajm 
liaea  during  (his  operation,  and  mny  bo  aHerwahis  purifii  '  '  "* 
crystal!  izal ions  from  alcohol  or  water.  It  forms  arboiesccDl 
cryslols.  These  n>elt  readily,  are  not  volatile,  and  haw*  a  hi 
acrid  laslc.  They  are  sparingly  soluble  in  cold  waier,  but  diwoiwi 
dantly  in  boiling  water,  in  alcohol,  or  ether.  TIh'V  djiwolve  io  ili«» 
oenlraled  acids  wiilioitt  being  decomposed.     Taroxucioe  cuiitiiifid  w  ^ 

5518.  When  iho  albuminous  precipitate,  which  has  been  jteptnriS* 
the  water,  is  boiled  in  alcohol,  a  colourless  snbslNnco,  in  the  fotniafM 
cauliflower  crystals,  is  obtained  on  the  evaporation  of  the  akDl>»l-  ** 
being  dried  it  falU  into  a  powder,  very  fusible,  but  difficult  to  \f  if** 
It  is  insoluble  in  water,  but  very  soluble  in  alcohol  and  eth«T,  Tli>^  ' 
tton  has  an  acid  taste,  and  yields  no  pirecipitale  with  acetate  of  ki^  J 
is  insoluble  in  the  caustic  alkalies.  Berxelius'  Report  on  the  Pn^* 
Science. 

Of  rtrlain  VegrlabU  Prineiplet  iJceoid  of  yUrogm- 

6519.  I  have  iguotcd  verbatim,  from  Gregory  and  Liebig'a  n«"  '^f 
Turner's  Chemistry,  1118,  the  following  account  of  vegetable  princi;** 
•cribed  as  devoid  of  nitrogen,  and  of  a  nature  not  yet  fuily  aeiil^ 
in  hopes  thnl  some  of  my  pupils  may  be  induced,  by  llieir  invoitipi**^ 
endeavour  to  remedy  the  imperfection  in  chemical  science  thiuadviM' 
exikl. 

5520.  "  Geittianine. — Extracted  by  elher  from  the  root  of  1^* 
httta,  and  purified  by  solution  in  alcohol.  It  forms  goltleo  y<:lkif  fl^* 
of »  very  bitter  taste,  which  may  be  sublimed.  According  li>  Trt«*"" 
when  quite  pure  it  is  no  longer  bitter,  and  has  acid  properii'-u,  1 1]*"^'*'" 
bonic  acid  from  the  alkaline  carbonates,  and  forming,  uiih  ihtiW* 
golden -ye  How  cry  stall  izable  salts. 

S5'J1.  "Santonin*  is  found  in  the  flowers  of  several  sprd"i«** 
mitia,  and  in  the  so  called  Semrn  Cyna,  which  is  much  twoii''" 
mifuge,  and  is  a  mixture  of  the  flowers,  huds,  and  unripe  unit* 
plants.  Four  parts  of  this  mixture  are  digested  with  oiic-hall''' '  . 
lime  and  twenty  of  alcohol,  at  90  per  cent.  The  snntoaiiii'  i«  di*'™? 
combination  with  lime  und  with  a  brown  resin,  ll  is  Be|>annr>lV?'^ 
Kcid,  but  is  still  contaminated  with  resin.  This  is  removed  1)5 "^jl 
with  a  little  alcohol;  and  the  residue  being  dissolved  in  eight  or  i(9|^"l 
alcohol  at  eighty  per  cent.,  and  boiled  with  animal  eharnial,  the  ''^?| 
cooling,  deposits  santonine  in  colourless  crystals,  which  must  be  H'*'^  | 
dark,  as  they  become  yellow  when  exposed  to  light.  It  is  lustdnt  M^  i 
odorous,  fusible  and  volatilizuble,  sparingly  soluble  in  water,  inotcw4' 
alcohol  and  elher.  It  has  acid  properties,  and  forms  salts  with  p"*"** 
soda,  the  latter  of  which  crystallizes.  Acids  dissolve  it  wiitiout  ■Ittti*!* 
and  water  precipitates  from  the  solution  the  santonine  unchonipd.  Ii(^ 
crystalline  salts  with  lime  and  baryta,  and  insoluble  coi»|Kiiindi  «iih  iiM| 
metallic  oxides,  lis  composition  is  repre-senied  by  the  formula  CW 
(Ettling);  but  its  atomic  weight  must  be  twelve  tiroes  greatt!r|to  jodfl  V 
ita  capacity  of  saturation. 
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22.  **  PieroUchenlne. — ^Discovered  by  Alms  in  the  lichen  Varichuia 
ti,  from  which  it  is  extracted  by  alcohol.  It  is  purified  from  a  green 
ir  which  accompanies  it,  by  washing  with  a  dilute  solution  of  carbonate 
Oash.  It  forms  obtuse  double  four-sided  pyramids,  which  have  a  moat 
se  bitter  taste.  When  acted  on  by  ammonia  in  a  doee  vessel,  it  dis* 
b;  and  afler  some  time  the  solution  becomes  yellow,  and  deposits  yel- 
crystals,  which  are  not  bitter.     When  the  ammoniacal  solution  is  ex- 

to  the  air,  a  dark  red  substance  is  formed,  which  indicates  an  analogy 
sen  this  substance  and  orcine,  which,  as  will  be  hereailer  mentionol, 
"s  in  other  lichens.  Its  composition  is  unknown,  but  it  contains  no  ni- 
n.    It  is  said  to  be  powerfully  febrifuge. 

:23.  '*  Cetrarine  is  analogous  to  the  preceding.  It  occurs  in  several 
3S,  as  in  Iceland  moss,  Cetraria  Islandica,  and  in  SHcta  pvlmonaeea. 
sxtracted  by  alcohol.  It  forms  a  fine  white  powder,  very  bitter  to  the 
Concentrated  hydrochloric  acid  colours  it  deep  blue.  Its  other  pro- 
9  are  little  known,  but  it  is  said  to  be  used  as  a  febrifuge  in  Italy. 
2A.  ^^Elattrine  is  the  active  principle  of  elaterium,  the  inspissated 
of  the  fruit  of  Momordica  elaterium.  The  elaterium  is  dissolved  in 
Icohol,  and  the  concentrated  solution  thrown  into  water,  which  precipi- 
the  elaterine.  By  repeating  this  process  it  is  obtained  pure.  (Monies.) 
ms  delicate  silky  crystals  of  a  very  bitter  taste.    One-sixteenth  of  a 

acts  as  a  drastic  purgative.  Its  composition  is  unknown.  It  merits 
re  minute  examination. 

25.  ^  Colocynthine. — The  bitter  and  purgative  principle  of  oolocynth, 
1  is  the  pulp  surrounding  the  seeds  of  CucumU  cdocynthu.  It  is  ob* 
1  by  evaporating  the  infusion  made  with  cold  water,  at  first  in  oily 
,  which  aflerwards  solidify  into  a  brown,  brittle  mass.  It  is  soluble 
Iter,  alcohol  and  ether,  intensely  bitter,  and  acts  as  a  drastic  purga« 

Its  chemical  characters  are  imperfectly  known,  and  it  is  probably  a 
rre. 

26.  **  Byronine. — Obtained  by  a  somewhat  similar  process  from  the 
3f  the  root  of  Byronia  alba  and  B.  diaica.  It  forms  a  brown  or  yel- 
l-white mass,  having  a  taste  at  first  sweetish,  then  acrid  and  very  bit- 
(oluble  in  water  and  alcohol,  insoluble  in  ether.  It  appears  to  contain 
^n,  and  is  probably  a  mixture  of  several  compounds.  It  is  a  drastic 
ttive,  and  has  poisonous  properties. 

27.  **Mudarine  is  found  in  the  bark  of  the  root  of  CalotropiM  Jftr- 
•  (Duncan.)  It  is  soluble  in  water  and  alcohol.  The  aqueous  aolu- 
gelatinises  when  heated  to  95° ;  at  a  higher  temperature  it  is  coegu- 

the  mudarine  separating  as  a  viscid  mass.  On  cooling,  it  is  slowly 
Mnpletely  rcdissolved.     Mudarine  has  powerful  emetic  properties. 

28.  ^  Scillitine. — Obtained  from  the  juice  of  squills,  the  bulb  of  Seilla 
(tsia.  A  brittle  mass,  of  a  nauseous  bitter  taste.  It  acts  as  an  emetic 
IS  a  purgative,  and  appears  to  be  poisonous.  (Tilloy.) 

i29.  **  Cathartine. — Similar  to  the  preceding.  Obtained  from  the  leaves 
Muia  Senna  and  C  lanceolata,  and  from  some  other  plants.  It  has  a 
r  nauseous  taste,  and  purgative  properties. 

i^.  ^^Xanthopicrine  is  found  in  the  hark  of  Xanthoxylum  Clava  Her" 
'•  It  forms  greenish- yellow  silky  crystals,  intensely  bitter  and  astrinp 
It  is  very  soluble  iu  alcohol,  and  has  neither  an  acid  nor  an  alkaline 
ioo.  Its  action  on  the  system  has  not  been  studied,  but  the  bark  is 
M  a  remedy  in  the  Antilles. 
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8331.  "  Cc^vmbiM. — Obtained  from  onlumho,  ibe  root  of 
paliB<iliim.  Il  is  cxtrnoted  hy  alcohol  or  eihcT> 
tran3|tBfcal  oblique  rhombic  prisms,  or  drlicau.-  whiln  niirdlcat  m 
lusible,  and  contains  no  niirogen.  It  is  very  biltcr,  anil  licixkim  rtMsM 
BO  when  diMulvcd  in  Hcetic  aciJ>  ll  is  iIk  aclivu  principle  of  gbA^k 
(WittsiocJt.) 

6532.  "Quauiine  is  ibe  bilter  principio  of  Ibo  wood  of  <j»iiiiih"i  — W 
When  pure,  it  forma  small  while  ujiniguc  prisms,  H'hich  arc  inttiMri^tMMi., 
and  very  wilublo  in  alcohol.     From  ihe  analyKin  uf  Wig^rs,  ka 
probably  C*"  H"  O". 

5533.  ■'  liUjiulinf  is  llie  bilter  principle  of  bops,  the  IrnMln 
Sttaialut  ItiyuluB.  It  is  ueutral,  uncryslullizablc,  soluble  in  wal 
cobul,  nnd  vt-ry  bilter. 

5634.  '^Lacluciitt  is  the  active  principle  of  i.a<:(urart«M,tliei 
juice  of  Lactuca  Mtica,  L.  virosa,  and  L.  tcariola.      It  fonm  _ 
indistinct  crystals,  which  have  a  strong  pernititent,  luttcr  taoc    b  ji  ^_ 
ringly  soluble  in  water,  very  soluble  in  alcohol.     The  naodyat    "-  -' 
Iflclucarium  are  moat  probably  to  be  ascrilied  to  laciucine. 

5585.  "Ergofiae. — Discovered  by  Wiggers  in  the  crutol  of  rre,  •■* 
conw/tun.  It  is  obtained  us  a  brown  powder,  iif  a  (Hiugcnt  and  b>tMrVi~ 
and  is  conceived  by  Wiggcrs  lo  be  the  active  principle.  He  deaenbcrft 
narcotic  and  poisonous;  but  its  composition  and  propenica  aw  uukl 
and  it  is  most  probably  a  mixture. 

SSSfl.  "  Porphj/roxtHt, — Discovered  by   Merck    in   Bengal  opi^ 
forms  small  brilliant  crystals,  which,  when  dissolved  in  diluUM  a^ 
acids  and  hented,  yidd  a  red  ccJour.     It  is  neuiral,  soluble  in  aloeU  ^ 
ether,  insoluble  in  water.    It  is  quite  distinct  from  the  othi-r  cryi 
otances  found  ia  opium,  but  as  yet  has  been  but  Little  examiDnl. 

0037.  "Sapomne  is  found  in  the  root  o[ Sapoiutrui  oJUrimalu aiOf 
aophila  StruAivm.     Il  ia  extracted  by  alcohol,  and  puri5cd  by  ' 

crystallization  from  that  solvent.  It  forms  a  while  brittle  mas*, ) 
talltzabic.  It  has  a  taste  at  first  sweetish,  then  acrid  and  irritatiofii^''' 
Bmallest  quantity  of  the  powder  introduced  into  the  nostril  c*^™*** 
sneezing.  It  is  soluble  in  water;  and  ihr^  solution,  even  wtm  mj  A* 
froths  like  a  solution  of  soap.     The  root  is  used  as  a  detcr^nt. 

5038.  •^SmilacineT  Syn.  PariUiitt,  Saitepariite. — li^iraclrd  bf  liv 
hoi  from  Sartaparitla  {Smilcx  aartapariUa).  Il  is  crystallinWs, 
in  hot  water  and  alcohol,  colourless  and  tasteless.  Its  solutiun  !■ 
property  of  frothing.  Its  formula  appears  to  bo  C"  H'»  O*.  (PagpA 
Tbubo^'uf;  Petersen.)  The  Chinova  bilter  of  Winkler,  (bund  mO^ 
MOfM,  has  been  shown  by  Buchncr,  jun.,  lo  be  identical  in  it»  | 
amilacinc;  and  Petersen  has  shown  that  its  formula  is  C*  Il< 
fmni  that  of  smilacine  only  hy  1  eq.  of  water. 

0539.  "Senrgine:  Syn.  Polngaline,  PolygalU  Arid.~U  ft«l  • 
Potggala  ttntga  and  P.  mrginra.  It  is  a  white  powder,  at  &m  Mriik* 
afterwards  very  acrid,  and  causing  n  fcvlii^  of  aslringency  ia  ila  ^* 
It  also  acts  as  a  sternuiatory.  Aconrdins  to  Queveonr,' iis  fennki 
C"  H"  O". 

5540.  "Guoiodfur.— Discovered  by  Trommsdorff  in  tbi'  wood  aailli' 
of  Cvataeun  oJieinaU.     It  fonns  a  vellow  brittle  mass,  which  bas  •  ik4 


o  doubt  one  of  the  active  principle 
^aiacum.  ami  is  me  caiise  of  its  acrid  taste. 
5541.  '•  Pliimlmgint  occurs  in  the  root  of  Plumbago  EWnipMi.    t 


1 


OP  TBOBTABLB  FRINGIFLBS  DEVOID  OF  NITROGEN.        527 

tiacted  by  edier,  and  forms  fine  orange-yellow  crystals,  which  at  first 
ve  a  sweet  taste,  followed  by  a  burning  acrid  sensation.  It  is  neutral, 
d  soluble  in  hot  water.  Alkalies  give  to  its  solution  a  cherry-red  colour, 
t  acids  restore  the  yellow.  The  root  also  contains  a  peculiar  fat,  not  yet 
restigaled,  which  gives  to  the  skin  a  lead-gray  colour,  whence  the  name 
the  plant  is  derived. 

6542.  ^^Cydandne:  Syn.  ArtkanUine. — ^Found  in  the  root  of  Cyela' 
n  EuropiBum.  It  crystallizes  in  fine  white  needles,  of  a  burning  acrid 
te,  and  having  emetic  and  purgative  properties* 

5543.  '*  PetM;e<faiiifi«.— Discovered  by  Schlatter  in  the  root  of  Peueeda' 
m  ojieinale.  Extracted  by  alcohol.  It  forms  delicate  white  prisms,  fu- 
lie,  insoluble  in  water,  soluble  in  alcohol  and  ether*  The  solution  has 
acrid  burning  taste.  It  is  neutral.  Formula,  C^  H'  O.  In  some  roots 
It  had  long  been  kept,  Erdmann  found  a  modification  of  peucedanine,  dif- 
ing  from  it  only  in  being  insoluble  in  ether*  Its  formula  was  O  H^  O*; 
lien  only  contains  one  atom  of  oxygen  more  than  the  formula  of  peuce- 
nioe  doubled,  and  was,  therefore,  probably  formed  from  it  by  the  action  ' 
the  atmosphere. 

5544*  **  Imperatorine, — Found  by  Osann  in  the  root  of  Imperaioria  0«- 
silttfflk  Is  extracted  by  ether.  It  forms  long  transparent  prisms,  has  an 
rid  burning  taste,  is  neutral,  fusible,  insoluble  in  water,  soluble  in  alcohol 
d  ether.  Formula,  C«*  H"  O*.  (F.  Doebereiner.) 
5545*  ^^Tanghinine. — Extracted  by  ether  from  thie  seeds  of  Tangkinia 
adagoMcariensis  aAer  the  fixed  oil  has  been  removed  by  pressure*  It  is 
ystallizable;  soluble  in  water,  alcohol,  and  ether;  very  bitter  and  acrid* 
is  also  poisonous.     (Henry  and  OUivier.) 

5546*  **  Meconine. — Discovered  by  Couerbe  in  opium.  It  is  dissolved, 
>ng  with  most  of  the  other  ingredients  of  opium,  when  water  is  used  as 
s  solvent;  and,  being  soluble  in  water,  it  remains  dissolved  when  mor- 
ia,  narcotine,  &c.,  are  precipitated  by  ammonia*  Part  of  it,  however. 
Is  along  with  the  precipitate.  It  is  purified  by  the  alternate  action  of  al- 
fiol,  water,  and  ether;  in  all  of  which  it  is  soluble  with  the  aid  of  heat. 
beo  pure,  it  forms  fine  white  prisms,  which  are  at  first  tasteless,  after- 
ifds  acrid.  It  is  fusible,  and  may  be  sublimed  unchanged.  It  requires 
r  solution  266  parts  of  cold  water,  and  18  parts  of  boiling  water.  When 
ftled  with  water,  it  first  melts  into  an  oily  fluid,  and  gradually  dissolves* 
ilphuric  acid,  diluted  with  half  its  weight  of  water,  dissolves  meconine, 
rming  a  colourless  solution,  which,  when  heated,  becomes  dark  green. 
aler  throws  down  from  the  green  solution  brown  flocks,  which  dissolve 
alcohol  with  a  rose-red  colour.  From  this  alcoholic  solution  the  salts  of 
untna,  lead,  and  tin,  throw  down  fine  red  lakes.  Meconine  is  quite  neu- 
J«  Its  formula,  according  to  Couerbe,  is  C*®  H*  O,  or  rather  the  half  of 
M ;  but  its  composition  cannot  be  considered  as  ascertained.  By  the  ac- 
a  of  chlorine  it  is  converted  into  mechloic  acid,  and  nitric  acid  changes  it 
to  nitro-meconic  acid. 

0647.  "  Cubebine. — Found  by  Soubeiran  and  Capitaine  in  cubebs  pep- 
tr  (the  seeds  of  Piper  Cubeba).  It  is  neutral,  crystal lizable,  tasteless, 
aringly  soluble  in  water  and  alcohol.    Its  formula  is  probably  C** 

5548*  "The  following  substances  are  neutral,  have  generally  a  bitter 
lie  or  are  tasteless,  and  are  to  a  certain  extent  problematical,  as  the  ob- 
nrations  regarding  them  are  very  imperfect*  It  is  probable  that  many  of 
em  will  be  found  identical  with  some  of  the  preceding* 
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"^Icomtne,  from  Alcornico,  the  root  o? Hedioigia  tirgelio 

"AltMiine,  froin  Alitma  I'lanlagO' 

"Arnicine,  from  Arnica  montana. 

**  Afclepiw,  from  the  root  of  AtrUp'iat  pigantea. 

"  Abnnthiine,  from  l)ie  llowerii  of  wonnwuoil,  Arlfmitia  abmtkim 

'^  Antiarine,  fro(n  Anliarix  loxicaria. 

*^  Antanitine,  from  AgarUua  mtitcariut,  A.  hulbofut,  and  olbcn. 

"Bueaiae,  from  the  bark  o(  Buenti  kerandra. 

"  CaneUiae,  from  ihe  \iat\i  o(  C'linella  alba.  i 

"Vaicarilliae,  from  the  berk  of  Crotan  Elailheria, 

*' Ctuuiiiie,  from  Castia  Jitluta, 

**Cfntaurine,  from  Erylhraa  Centaurium. 

"Coilttine,  from  CoiUlta  tpinosa, 

"Coriarine,  from  Coriaria  niijrtifoUa, 

'^Cornirte,  from  the  bnrk  of  the  root  nf  Comu*  Jtorida. 

"  Corlieine,  from  the  bark  of  Populiu  Irrmula, 

"  Cytinne,  froni  the  seeds  of  Cj(/wu«  Lahurmim' 

" Daphnine,  from  the  bark  of  Daphne  Mcxtrtum  and  oihtr  apVM 
ia  crystallizable. 

" /^atisrrintr,  from  Datiaea  eanmibina.  I 

"  Dioftninr:,  from  the  leaves  of  Dioji™i  crcnala. 

"  Euoni/mine,  from  the  seeds  of  Euont/mwi  Europtrtu. 

"Faginc,  from  Fagus  aj/lcatica. 

"Fraxirdnf,  from  Ihe  bark  of  Fr a xinot  exceltior. 

*'  Gtraniine,  from  Ihe  Gernniacfie.  ' 

"  Granaliru,  from  unripe  Pomegranates. 

"Guacine,  from  Guaco  leaves. 

*^  Hetperidine,  from  [be  spongy  pnrt  of  the  Orange  rind.     Crjrtfalll 

*'/fy*Mpine,  from  Hguopus  offimaalia.  ■ 

-  *^lliciite,  from  //ex  aquifoliHta.     Crystallizable.  >i 

"  Lapathine,  from  Rumex  obtatifolius. 

"  Ligtnirine,  from  the  bark  oi'  l.iguttrvm  vulgare. 

"Litaeiru,  from  Springa  or  Lilac. 

"  Ztriodendrine,  from  the  bark  of  the  root  of  Liriodendroit  tiJ^if&t 

"Me.nyanthine,  from  Menyanthet  irifoliata. 

"  Mtlampyrine,  from  Melampynim  ntmorotum. 

"Narcitine,  from  Nareis»u»  pseudO'narcittut. 

"  Olinilt,  from  OUa  Europaa. 

*'  O/irtne,  from  the  leaves  of  Olea  Exirrrptta. 

"Prirmiline,  from  the  root  of  Primula  verit. 

"Pifrelhriae,  from  the  root  of  Anlhemit  Pyrflhrvrn. 

«  Populine,  from  the  bnrk  nnd  leaves  of  Populux  tretnuia, 

"  Phillyrine,  from  the  bark  of  Phillyrea  media  and  lalifali*. 

"RhaiKnine,  from  Rhamnvi  frangula. 

"Scordine,  from  Teucriiim  Scordium. 

"  Seuttllarine,  from  Sculel/aria  laterijlora. 

"  Serpentarinf,  from  Aristolochia  serpftOaria. 

"  Spartiine,  from  Spartium  monofptrmum. 

"S/ngeline,  from  the  root  ond  leaves  of  Spigelia  antkelmia. 

"  Tanacrtine,  from  Tanacetum  vvlgare. 

"  Tremelline,  from  Tremeila  meaentkeriea. 

"  Ztdoarine,  from  (he  root  of  Curcuma  aromatioa." 
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ETHERS,  AND  THEIR  COMPOUNDS  AND  DERIVATIVES. 

Of  Ethyl  Ethers  (3090). 

549.  Agreeably  to  the  classification  proposed  in  treat- 
of  ethyl  (3077),  common  ether,  the  oxide  of  that  com- 
id  radical,  as  the  first  in  the  class  of  simple  ethyl 
rs,  is  primarily  to  be  the  object  of  attention. 

the  Oxide  of  Ethyl^  common  Ether^  erroneously  called 

Sulphuric  Ether,  O  H^. 

)50.  It  has  been  mentioned,  that  this  compound  is  now 
A  ether,  on  account  of  a  sort  of  prescriptive  claim,  al- 
igh  the  name  by  which  it  is  designated  has  been  ap- 
>riated  to  a  class  of  bodies  having,  in  common  with  it, 
e  important  characteristics  (3083). 
>51.  Of  the  Properties  of  the  Oxide  of  Ethyl. — The  ox- 
of  ethyl  is  a  colourless,  transparent,  volatile  liquid, 
ng  only  seven-tenths  of  the  density  of  water,  or  seven- 
iths  of  that  of  absolute  alcohol. 

352.  It  is  so  inflammable,  that  a  jet  of  it  may  be  in- 
led  throughout  its  whole  length,  when  extending  many 
It  has  a  fragrant  smell  and  an  aromatic  taste,  which, 
3Ugh  pungent  and  stimulating,  is  not  unpleasant.  Its 
ity  to  that  of  water  at  60%  is  as  725  to  1000.  It  boils 
reen  97°  and  98°,  and  congeals  before  it  reaches  the 
lerature  of  —  47°.  With  alcohol  it  unites  in  all  pro- 
ions,  but  may  be  recovered  therefrom  by  agitation 
I  twice  its  bulk  of  water,  which,  combining  with  the 
hoi,  subsides  gradually,  allowing  the  liberated  ether  to 
1  a  superstratum  easily  separable. 
553.  One  part  of  ether  dissolves  in  ten  of  water,  and 
part  of  this  liquid  in  thirty-six  of  ether.  Essential  oils 
soluble  in  ether  to  any  extent,  and  also  the  margarine 

olein  of  fixed  oils;  but  stearine  is  so  little  soluble  in 
6r,  that  it  is  employed  to  depurate  it  of  the  two  other 
>ve  mentioned  constituents  of  fat.  Ether  is  likewise  a 
i^ent  of  most  of  the  resins.  It  takes  gold,  in  the  metal- 
state,  from  a  solution  of  the  chloride  of  that  metal, 
ning  an  ethereal  solution,  which  has  been  employed  to 

steel.  It  dissolves  several  of  the  haloid  compounds, 
3cially  the  chloride  of  zinc  and  bichloride  of  mercury; 
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alao  several  organic  acids,  the  acetic,  gallic,  benzoic,  oleic^ 
and  stearic,  for  instance.  Tlie  solubility  of  varioui  ti' 
ganic  alkalies  in  ether  has  been  mcntiooed  in  treatiof  of 
their  extraction.  Of  sulphur,  it  takes  up  iV  of  its  weipM 
of  phosphorus,  from  iV  to  iis,  according  as  it  w  monilt 
less  free  from  water.  Bromine  and  iodiDC  arc  c< 
soluble  in  ether,  the  solutions  being,  however,  linbk  to 
spontaneous  decomposilion,  producing  bromoliydric  ad 
iodohydric  acid,  and  some  other  products  which  have  Nt 
been  studied. 

5554.  According  to  Liebig,  gsseoua  chlorine  decomposes  cthir  imadt 
ately,  each  bubble  inflaming  spoDtnncoiisly  at  the  ordinnry  leBiporaiiRrf 
the  air,  giving  binh  to  chloroliydric  acid,  and  I i berating  carbonic  k^  i»' 
hydrous  sulphuric  acid,  in  the  eeld,  generates  from  clhcr,  isMh'Mni^ 
ethionic  acid,  lieaidea  heavy  oil  of  wine,  light  oil  of  wine  (liHaT),  ni 
phovinic  acid.  At  a  high  temperature,  these  acids  are  resolved  ioio  hi 
oil  or  wine,  water,  ether,  sulpliuroua  add,  and  oledaot  gas. 

5555.  Nitric  aeid,  aided  by  heat,  converts  ether  inio  K(muc,ai 
carbonic  acid,  together  with  aldehyde. 

5556.  Of  ehlorohgdric  acid  gai,  ether  absorbs  a  large  tjoniiiiy:  ol' 
by  distilling  a  concentrated  solution,  chloride  of  ethyl  is  gcDcrstcd. 

5557.  Drt/  alkaline  hydralet  have  no  reaction  with  purv  ether  at  <ii- 
nary  temperatures,  but  when  moisture  and  oxygen  are  present  nodfaitf  ■ 
employed,  cause  it  to  become  brown  aflcr  some  liine,  and  to  fbnn  trfMs 
acetates  or  rormiates.  Potassium  and  sodium  are  alh^gn),  bjr  LJnbiCiilH^ 
to  deoxidize  ether,  and  finally  to  decompoae  it  into  gaseous  aDcl  oHraMlfr 
hydrogens,  Torraing  oxides  with  which  the  ether  combine*  ns  tat  toA 

5559,  In  pretence  of  iron,  lead,  or  zinc,  with  access  of  oayg«j,iliffc 
men!  is  absorbed,  generating  acctales. 

5559.  Ammoniated  ethtr  may  be  obtained  by  subjecting  ethB,  Mad 
lime,  and  chloride  of  ammonium,  to  the  distillatory  process. 

5560.  An  etherial  anlutioit  of  the  bi-iodide  of  tnercvry  is  otiaimi^ 
the  solution  of  one  pari  of  the  bi-iodide  In  twelve  parts  of  ether.  Oae^ 
of  the  bichloride  of  iron  dissolves  in  four  parts  of  ether.  On  apt 
aqueous  solution  of  this  bichloride  with  ether,  this  liquid  tnhrs  the  h 
from  the  water,  forming  a  golden-yellow  liquor,  from  whicfa  light 
crystalline  protochloride  to  prccipilate. 

55SI.  In  consequence  of  the  solubility  of  narcotioa,  and  ituoloM^of 
morphia  in  ether,  it  is  employed  to  denarcotize  opium  in  prr-pariM  i  tr 
making  denarcolizcd  laudanum. 

S562.  The  tension  of  the  vapour  of  ether  being,  per  »c,  iiihijuiilii»T 
port  a  pressure  about  half  as  great  aa  that  of  ibc  Bimospbeiv.  it  CV^ 
quently  doubles  the  volume  of  any  gas  to  which  it  nmy  lip  otlcM-  Tl> 
may  be  made  evident  by  introducing  a  measured  quan'itv  of  any  gaaiM* 
volumescope,  and  adding,  subsequently,  a  portion  of  etbcr*  {81^). 

'  AfntMj  to  th«  experimgntiaf  IHIlon.  the  rtpoaraTinj  tii]i]Mla  cooUft^ 
tfaa  kir,  or  any  pfirininenl  gu.  lUpporU  i  proponion  of  the  kinuaphrrte  piMA 
which  !>•■»  tile  umn  ntioto  thswholaprsHure,  u  thabei{blofllwco)^ui/a* 
cuTj,  which  the  *i[Miir  In  quntian  will  lappon,  per  ■«,  in  an  eibmstod  ntarM.i 
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6668*  It  was  mentioned,  in  treating  of  oleiiant  gas,  that  when  a  volume 
of  that  gas  was  mingled  with  four  volumes  of  hydrogen  and  two  of  oxy- 
gen, no  condensation  ensued  when  the  mixture  was  ignited.  The  elements 
of  the  gas  combining  with  those  of  water  in  the  act  of  uniting,  generated  a 
new  gas  containing  the  elements  of  both.  It  was  likewise  mentioned,  thai 
hsif  a  volume  of  ether  had  about  as  much  efficacy  when  substituted  for  the 
oiefiant  gas,  as  a  whole  volume  of  the  latter. 

6564.  This  is  interesting,  as  tending  to  show  that  in  the  same  space  ether 
vapour  contains  about  twice  as  much  carbon  and  hydrogen  as  oiefiant  gat 
(1:276). 

5565.  Of  the  Means  of  obtaining  Ether* — Respecting  the  means  by 
which  ether  is  elaborated,  a  general  explanation  has  already  been  given  in 
treating  of  ethyl  (3804).  The  old  recipe  for  its  manufacture,  was  to  distil 
Iwo  measures  of  officinal  alcohol  of  about  0.840  with  one  of  sulphuric  acid, 
without  any  subsequent  addition  of  alcohol ;  but,  latterly,  the  proportions 
have  been  nearly  reversed  by  using,  at  the  outset,  nine  parts  of  acid,  by 
weight,  with  five  parts  of  alcohol,  the  proportion  of  this  liquid  being  sus« 
teined  by  sobsequent  additions,  compensating  the  diminution  resulting  from 
tbe  vaporisation  of  the  products.  Liebig  recommends,  that  in  using  these 
proportions,  tbe  alcohol  be  added  to  the  acid  in  a  copper  or  cast  iron  vessd, 
the  liquids  being  mingled  by  stirring  them  with  an  uron  spatula;  but  agree- 
ably to  tbe  experience  of  a  manufacturer  in  this  vicinity,  who,  for  many 
jears,  was  in  the  practice  of  distilling  a  large  quantity  of  the  etherifying 
materials  at  a  time,  it  is  preferable  to  introduce  the  alcohol  intoihe  alembic 
first,  and  then  the  acid,  in  a  continued  stream.  This  stream,  by  its  supe- 
rior weight,  produces  a  descending  current,  carrying  along  with  it  the  alco- 
hol with  which  it  comes  into  contact,  and  forming  a  compound,  of  which 
the  boiling  point  is  about  280°.  The  descending  current  displacing  the 
liquid  previously  near  the  bottom  of  the  alembict  causes  it  to  ascend  at  the 
ildesj  and  thus  establishes  a  circulation,  by  which  a  complete  intermixture 
f  tlte  materials  is  effected.  The  heat  generated  meanwhile,  acting  upon 
ome  of  the  sl(X)hol  not  in  contact  with  the  acid,  is,  in  a  greater  or  less  de- 
ree,  expended  in  vaporizing  a  portion  of  this  ingredient,  which,  condensing 
I  the  receiver,  should  be  restored  to  the  body  of  the  still  or  retort  employed* 
^his  method  of  manipulation,  to  which  I  have  myself  long  resorted,  basse* 
eral  advantages  over  that  of  Liebig;  agreeably  to  which,  the  alcohol  being 
oured  over  the  acid,  and  in  contact  with  the  air,  must  sustain  sonie  loss  by 
raporation.  The  mixture  being  made  in  one  vessel,  and  tbe  distillation  in 
aother,  causes  unnecessary  trouble,  and  the  heat  generated  by  combina- 
yn  is  lost,  which,  in  the  other  case,  requires  little  aid  from  the  fire  em* 
oyed  to  cause  the  distillation  to  commence. 

S&60*  The  most  advantageous  method  of  applying  beaten  this  and  many 
her  coses,  is  that  already  described  of  a  furnace  having  coals  in  a  drawer 
bich  can  be  withdrawn  in  un  instant,  partially  or  wholly,  so  as  to  render 
la  temperature  perfectly  controllable  (963).    Where  carburetted  hydrogen 


height  of  the  mercury  in  the  barometer  at  the  tame  time.  Hence,  at  the  oo- 
ifDO  which  the  vapour  of  ether  will  lupport,  per  le,  at  ordinary  temperatures,  ii 
toot  half  that  of  the  usual  height  of  the  barometric  column,  it  rollows,  that  when 
i|iaid  ether  ii  introduced  into  any  gas,  its  vapour  relieves  the  gas  of  half  the  pressure, 
id  mi  the  same  time  deprives  it  ofbalf  the  space,  so  that  they  require  twice  as  much 
93  the  gas  required,  per  se  *,  consequently  the  volume  of  the  miztore  becomes 
•e  great  as  that  of  the  gas  previously. 
68 
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n  aupplied  to  a  laboralory,  from  a  gas  light  establbbmeai,  ami  ft  gda  » 

tort  in  to  be  used,  a  lube,  forming  a  circle  of  four  or  five  incbta  di 

and  pcrlbruled  al  inicrvals  of  about  half  an  inch,  so  aaio  nllow  wits 
ferencc  from  tw<;lve  to  twcniy  gaa  lights,  forms  an  efficient  iimsd  of  tf^f* 
mg  a  compelent  and  manageable  heal.  If  the  distillation  of  iIk  tthani^ 
maierials  be  carried  on  until  the  resulting  carbcnaceoin  maas  •w«Ui  Bf  ■ 
as  lo  endanger  its  coming  over,  it  will  be  (bund  that  tbo  fii 
sist  of  eiher  with  iindccomposed  alcohol,  then  ethor  anil  water, 
wards  elher  with  sulphurous  acid  and  heavy  oil  of  wine,  fcirniiBi;  • 
liquid.  But,  according  to  Liebig,  if  bcfure  akohol  ccasra  to  ctitne  omra  • 
minulc  proportion,  absolute  alcohol  be  gradually  added  by  a  liib«i  «iA  t 
very  email  aperture  al  the  lower  end,  terminating  uador  the  aurfaoe  titm 
mixture  so  as  to  keep  It  at  the  same  level,  by  cumpcn^ting  the  ' 
resulting  from  the  diaiillation,  the  evolution  of  eilier  aoil  wum 
without  ihe  extrication  of  sulphurous  acid  and  oil  ofwioe.  If,  aajra  Lidifc 
"the  operation  be  well  managed,  only  elhor  and  water  will  be  irrolTCdiM 
the  acid  may  serve  for  the  preparation  of  ether,  indefinitely,  wilboMI  fA 
ceplible  diminution."  When  alcohol  of  the  officinal  density  i*  a&ai,  ikdi 
way  thus  proposed,  the  acid  soon  becomes  too  much  dilated  to  pertwi^ 
office  of  an  etiierifyer.  Liebig  admits  that  when  the  spirit  oTwBtt^lv 
ed,  contains  90  per  cent,  of  anhydrous  alcohol,  only  81  pwti  OB  ■ 
«therified  by  BO  of  sulphuric  acid,  and  when  the  proporlkia  of  wall 
mA  oxeeeds  the  ratio  of  9  lo  2,  ether  cannot  be  evolved." 

5567.  As  respects  (be  refrigeration  of  the  ether  vapour,  its  it  cuiiH.a<M.  t 
have  been  ai»;ustoined  to  employ  an  inverted  opco-neckol  bdl-Klaw,  i ' 
(be  axis  of  which  a  glass  lube  pa^es,  being  made  to  form  an  airflgl 
ture  with  the  neck,  by  means  of  a  gum  elastic  bag^  cut  off  ooir  tte 
ao  as  to  embrace  the  neck  of  the  bell,  while  its  own  neckvmbnc^lhtt'k 
being  secured  lo  both  by  ligatures.  The  beak  of  the  retort  a 
by  means  ofa  fire,  and  bent  at  right  angles  so  as  to  deaoetwi  lo 
orifice  of  the  refrigerating  tube.  The  bell  is  supplied  with  iet 
this  liquid  being  drawn  off  by  a  syphon  as  the  ice  melis,  in  txiler  »il^>« 
mor«  to  be  added.  The  refrigerating  tube  must  terminate  uttti 
bottle,  surrounded  by  ice  and  water,  li  is  usually  rcconintenHrxf  to 
the  ethereal  portion  of  the  product,  and  rectify  it  over  milk  of  la 


*  That  autphntrinic  leld  i*  the  inevitshte  connoquf  nee  of  i 

Rhuria  icid  with  alcohol  beyond  acettain  ivimt.  hu  ilreidj 
igori.thyI(3036)«iilor«ulphoTinio«cid(r,2f7).    This  eoi 
fmn  Ibe  alfinilj  of  hydrous  lulphuric  acid,  nolphmte  of  wil 
vthcrine.  ind  for  more  water,  ao  that  while  one  poi 
hol.theC        

tion  oTilcahol  bj  stilphurii^  acid,  that  inprDdiont  lie  <nppllpil  in 
niy  (o  compenute  the  evnlution  of  other  and  wtlet.  a  ^iTon  qiiontilj  bT  aplWf 
■erre  to  Pthorify  alcohol  (o  an  unliinited  citent.  Tl<a  fact  that.  uudEi  •uth«^ 
■tanCM,  only  tlio  alcnhol  appearpd  lo  undcrfo  docoiiipo»ilion .  Iwing  nDlU«4  *J 
chorlith,  led  him  tn  infer  that  the  psrt  performad  by  ihe  acid  wma  i»«»tj  i*i 
Bat  thii  inference  is  irreeoncirablo  with  Ihn  wcll-»tabllshed  ficl  of  th*  fa™ 
of  aulphovinic  acid  whennrer  alcobnl  and  tiilphurir  acid  are  mingled  in  d«*  ^ 
tion  and  healed  {:••£**)  Yet,  upon  thii  view  oT  the  phenomena  it  >■  d'AoslI  I* 
demand  how  ihe  mlilure  can  at  the  witie  limo  erntve  elhpr  fr^m  nne  ponina  4 
talphovinio  acid  preient,  and  yet  abaorb  ilcnhil  tn  form  annthrr  portieai  nl 
■aid     The  rocMl  foaar" ' '—>-■<--■•  '■■--     .      .    .      -. 


It  Iho  emtaft  nfthe  nleohot  with  It 

■Mnn  of  1 
the  aoii  can  combine  wilb  oiide  of  ethyl,  while  ii 

temperatare  mtir  "■ a'----.'    ■-■  -■- -■■- 

diiiuilad  ftoax  u 


le  part  of  the  mixtnre,  cauaee  a  redaclion  of  teinperalnre  ti 
«id  can  combine  wilb  oiide  of  ethyl,  while  ia  other  ptrla  or  U 
temperatare  mtiv  be  lufnciently  hi{h  lo  oaiue  other  atom*  of  lb*  ■ 

-"'■ — -—'  ""-n  the  acid. 
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OUMtic  alkaline  solution,  with  the  heat  of  a  water  bath  of  about  180°.    I 
kave  found  ammonia  the  most  speedy  agent  for  this  depurating  process. 

6568*  Agreeably  to  the  old  process,  oil  of  wine  was  generated  towards 
the  last*  Hence,  aAer  the  ether  was  distilled,  a  compound  of  alcohol  and 
oil  of  wine  remained,  and  could  be  brought  over  by  raising  the  water  bath 
to  a  boiling  heaL    Hofiman's  anodyne  liquor  was  thus  obtained. 

Qf  keavjf  OH  of  Wtne,  denominated  by  lAeJng^  ^tke  double  Sul]^ate  of 
ike  Oxide  of  Ethyl  and  EtheroUy''  the  true  Sulphuric  Ether^  C«  H*  Q 
+  O  H*  +  2S0«.-  also  of  light  Oil  of  Wine. 

U69«  When  the  proportion  of  sulphuric  acid,  in  the  mixture  of  this  acid 
and  alcohol  employed  to  produce  ether,  becomes  sufficient  to  retain  the  ether 
until  the  temperature  rises  above  324^,  a  reaction  ensues  by  which  a  yellow, 
solphurous,  ethereal  solution  of  oil  of  wine  comes  over  (8039)  (5200).  This 
eoosists  of  nearly  equal  parts  of  sulphurous  acid  and  ether,  the  oil  of  wine 
being  present  only  in  n  comparatively  minute  proportion.  This  liquid  be- 
ing subjected  to  distillation  at  a  heat  not  exceeding*! 20^,  the  greater  part 
of  the  ether  and  sulphurous  acid  may  be  brought  over.  The  residue  may 
then  be  exposed  in  vacuo  over  sulphuric  acid  and  slaked  lime.  By  these 
means  all  the  sulphurous  acid  ether,  and  water,  are  absorbed,  the  oil  of  wine 
being  kolated. 

6570.  Properties. — Thus  obtained,  oil  of  wine  has  an  unctuous  consist- 
BDcy,  whence  its  name.  It  is  transparent,  nearly  colourless,  and  highly 
fragrant.    Its  taste  has  a  resemblance  to  that  of  peppermint. 

Mil.  Cf  the  Composition  of  Oil  of  Wine. — In  the  first  instance,  by 
Hennel,  and  aAerwards  more  fully  by  Serallas,  that  kind  of  oil  of  wine 
■rhich  is  designated  as  *'  heavy,'*  was  shown  to  be  a  chemical  compound  of 
sulphuric  acid,  carbon,  and  hydrogen.  Subsequently,  it  was  considered  as 
a  neutral  hydrated  sulphate  of  etherine,  20  H*  +  HO  -f  280*.  This,  of 
•ourse,  contains  the  same  elements  as  if  it  were  considered  as  an  anhydrous 
leuCral  sulphate  of  the  oxide  of  ethyl,  2C«  HK)  +  280.  Lately,  it  has 
wen  represented  by  Liebig,  as  a  double  sulphate  of  the  oxide  of  ethyl  and 
Alierole;  this  last  mentioned  ingredient  being,  in  other  words,  etherine, 

M72.  Oil  of  wine,  thus  defined,  has  been  called  heavy  oil  of  wine,  be- 
sause  it  sinks  in  water.  It  appears  that  it  may  be  more  or  less  deprived  of 
ts  sulphuric  acid,  by  being  distilled  from  milk  of  lime,  or  by  bein^  digested 
■riih  caustic  alkaline  solutions,  and  then  forms  what  is  called  light  oil  of 
■rine,  being  lighter  than  water.  From  the  heavy  oil,  when  free  from  water, 
r  was  unable  to  remove  the  acid  entirely  by  distillation  from  potassium. 

5573.  When  alcohol  is  etherified  by  chloride  of  zinc,  two  light  oils  are 
dleged  to  be  evolved,  one  having  the  formula  C«  H',  the  other  O  H». 
Being  devoid  of  sulphuric  acid,  these  oils  are  of  course  quite  different  from 
^be  keaty  oil,  of  which  the  formula  is  above  given.  The  allegations  re- 
■pecting  the  composition  of  this  heavy  oil,  are  to  me  quite  unsatisfactory, 
and  lead  to  the  impression  that  we  are  still  ignorant  of  its  true  constitution. 
Nt^ing  can  be  more  anomalous,  and  inconsistent  with  the  laws  of  chemical 
oocnbiDation,  with  which  experience  has  made  us  acquainted,  than  that  two 
Bloios  of  an  acid,  being  comprised  within  a  compound,  and  one  of  them  in 
■Dioa  with  an  oxidized  radical  acting  as  a  base,  as  ether  does,  the  other  should 
refuse  to  unite  with  another  atom  of  that  base,  and  yet  combine  with  a  non- 
DKKidized  radical,  etherole  or  etherine.  In  its  free  state,  this  last  mentioned 
compound  unites  neither  with  sulphuric  acid,  nor  any  other  add,  and  yaC 
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it  is  represented  as  replacing  ihe  basic  water,  and  co<nptc4«ly  ankrii 
the  acid  properties  of  sulphovinic  acid,  so  thai  no  tmiiit-niiiaitf  nMi^ 
sues  on  contact  willi  the  most  powerful  bases.  Il  is  uniK'ci^ittry  teq 
bere  the  suggestions  respecting  the  bilmsic  character  of  Kutpfaovtwoi 
made  in  treating  ol'iis  inesplicable  propcriies  (S'JHB). 

6574.  Of  Hoffman's  Anodyne  Liquor. — In  consequence  of  the  iMi 
tions  made  in  the  manuraclure  or  eihcr,  wilh  the  view  of  saving  lb  «■ 
agreeably  to  the  e:fplaDatLDns  above  given  (5506),  the  genuioc  aBthwIt 
quor  orHolfniQn,  being  no  longer  a  collateral  product  or  thnt  manoattu 
a  mixture  of  ether  and  alcohol  came  to  be  subsiituled  in  cnnrincTCKfailha 
(rue  medicine.  This  drew  the  attention  of  some  vf  our  older  pbjaflMi 
Dr.  Wialar,  and  my  late  colleague.  Dr.  Phyxick.  Dr.  Wi»iar  lad  I 
ed  that  the  modern  anodyne  liquor  did  not  produce  any  nrulkincsB  ia 
when  added  to  it,  and  he  observed  (hat  the  presence  o(  this  apfaarad  » 
sential  lo  the  efficacy  of  ihe  medicament.  In  consequence  of  ifce 
of  Dr.  Phyaick,  having  given  some  atiention  to  the  subjod,  1  ua 
that  in  the  olTicinal  anodyne  (here  was  geoemlly  no  oil  of  wioe,  aai 
nothing  to  be  separated  on  the  addition  of  water.  This  pbenoiMM*  Ml 
found  only  to  ensue  in  the  anodyne  prepared  by  thos^  druggisis  kkoiA 
hercd  to  the  old  method  of  mnnuracturc.  As  both  by  Drs.  Phtiacka' 
Dewecs,  mui:h  value  was  attached  to  the  real  asrKlyno  "  u<  h^ijftwfi 
in  gome  diiturbtd  glaies  of  Ihe  gyglem,  in  tranquitliting  ond  dttpamaf  ~ 
tleep,"  I  regret  thai  no  efToris  have  been  made,  by  those  whu  aiva 
practice  of  medicine,  to  ascertain  whether  there  is  any  strpMrmte  effincj 
the  oil  of  wine,  or  whether  it  operates  by  giving  greater  p^rmrinnKT  1bA> 
impression  made  by  ether  by  lessening  its  volatility,'  and  tfihis  hr  laeoai 
whether  other  essential  oils  cannul  be  used  in  lieu  of  oil  uf  tnnc,  u 
hide  for  ether. 

6575.  A  Proeeu  for  making  Uoffman^t  Anodyne. — It  hu  beca  i 
tioned,  that  when  the  materials  employed  for  the  geueiviion  oTilfeMM 
a  certain  ratio,  and  the  temperature  reaches  a  certain  height,  a  yvtbtl^^ 
comes  over,  which  consists  of  heavy  oil  of  wioe,  ether  and  gulplumW 
Xhis  liquid  being  refrigerated  by  ice,  and  mingled,  gradually,  •riihlBBV 
nia,  also  refrigerated  in  a  bottle  surrounded  by  ice  ^'atcr,  the  ethcMlMfe 
tion  loses  about  half  its  hulk  and  weight.  The  residual  li()tii(|,  whidtfliM 
upon  the  resulting  nmmoniacal  solution,  being  separated  by  dilutioaviA 
twenty-four  parts  of  alcohol,  forms  the  anodyne  liquor  which  1  tawlM 
accustomed  lo  prepare. 

Of  Alcohol,  or  the  Hydraled  Oxide  of  Ethyl. 

5576.  In  treating  of  etliyl,  the  tliooreticftl  compooliBB 
of  alcohol  was,  I  trust,  sufficiently  explained  (3(>69^  I 
have  now  to  treat  of  the  means  of  obtaining  it,  and  of  it» 
properties. 

5577.  Alcohol  can  only  be  obtained  through  the  lOf 
dium  of  the  process  called  the  vinous  ferraenlation,  bM{ 
that  by  which  the  juice  of  the  grape,  of  the  appk-,  or  jwu 
or  infusions  of  sugar,  or  farinaceous  substances,  are  ft* 
dered  spirituous.  By  subjecting  fermented  liquors  tb* 
originating,  to  distillation,  alcohol,  diluted  witli  water,  »ai 
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flaTOured  by  various  peculiar  einp3rreumatic  oils,  is  ob- 
tained, being  known  as  brandy,  rum,  or  whiskey,  accord- 
ingly as  it  may  be  derived  from  wine,  from  molasses,  or 
from  grain  or  cider. 

5578.  The  vinous  fermentation  may  be  induced  by  the 
addition  of  yeast  to  a  solution  of  sugar,  kept  between  60^ 
and  70^.  During  this  process,  a  new  distribution  of  the 
elements  takes  place,  so  as  to  forn^  alcohol  and  carbonic 
acid.  One  atom  of  dry  grape  sugar,  C**  O'*  H'^  is  con- 
certed into  two  atoms  of  alcohol,  2(C*  H*  O  +  HO)  and 
four  atoms  of  carbonic  acid,  4C0'. 

Two  atoms  of  alcohol,        -        -        C «  H"  O  ^ 
With  four  atoms  of  carbonic  acid,       C  ^        O  ® 


Form  one  atom  of  sugar,  -        C*  H"  O" 

5579.  It  can  hardly  be  necessary  to  mention,  that  the 
intoxicating  power  of  the  various  liquids  known  generally 
in  commerce  as  spirits,  as  well  as  that  of  wine,  beer,  ci- 
der,  and  other  fermented  liquors,  is  due  to  the  alcohol 
i¥hich  they  contain.  These  spirits,  whether  known  as 
ivhiskey,  gin,  rum,  brandy,  or  arrack,  in  a  chemical  point 
of  view,  may  be  considered  as  mixtures  of  water  with  al- 
cohol. Proof  spirits  is  a  term  applied  to  any  of  these 
xnixtures,  when  consisting  of  their  principal  ingredients  in 
^ual  proportion. 

5580.  When,  in  consequence  of  the  request  of  the  Bri- 
tish treasury  department,  a  committee  of  the  Royal  So- 
x;iety  undertook  to  make  a  table,  showing  the  relation  be- 
^tweeo  the  density  and  the  quantity  of  alcohol  in  a  series 
of  mixtures  of  this  liquid  and  water,  though  the  most  scru- 
pulous accuracy  was  displayed,  the  conclusion  was  adopt- 
^ed,  that  the  matter  existing  in  the  various  kinds  of  spirit, 
^on  which  their  diversity  as  respects  flavour  and  value  is 
^pendent,  was  too  small  to  require  to  be  taken  into  ac- 
count.    Nevertheless,  it  is  well  known  that  peculiar  vola- 
tile oils  accompany  the  whiskey  obtained  from  grain  and 
potatoes;  and  Ure  alleges,  that  spirit  obtained  from  da- 
siaged  grain,  has  been  found  to  contain  a  peculiar  volatile 
imatter  augmenting  its  intoxicating  |)Ower,  so  as  to  produce 
an  some  persons  a  sort  of  frenzy.     This  matter,  at  the  end 
vf  a  few  months,  was  spontaneously  decomposed,  so  as  to 
^render  the  spirit  less  nauseous  and  unwholesome.    The 
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impression  which  has  existed  io  this  country,  thai 
brandy  is  more  unwholesome  than  other  spirituous  li  M 
may  depend  on  an  analogous  cause.  I  am  under  tflr  * 
pression  that  brandy  and  rum  contain  principles  ^^ 
cause  their  peculiar  flavour,  and  that  the  diflereiwtfvapi 
tween  old  and  new  spirit,  is  due  to  the  modificatKtJM 
those  essential  oils  on  which  the  peculiarity  of  qufgrp 
in  such  cases  dependent, 

5581.  By  distilling  one-half  of  the  vohime  from  cr»oi 
spirit,  officinal  spirit  of  wine  is  procured,  and  by  (»  tC^ 
rectification,  a  liquid  of  the  density  l).8'25  may  beob»«i<> 
still  containing  eleven  per  cent,  of  water.  Bui  it  is  i  **■ 
sihie  for  the  vapour  of  any  liquid  to  be  formed  in  lhc4*  * 
Benco  of  another  liquid,  without  becoming  associali*i»'^ 
a  portion  of  its  vapour.  Besides,  the  inferior  deftO^*! 
aqueous  vapour  creates  in  it  a  tendency  to  rise  witbi**^ 
vapour  of  alcohol,  as  hydrogen  does  in  atmospherr* ^** 
Hence  the  presence  of  two  or  three  jwr  cent,  of  wa*'^' 
is  alleged,  makes  the  boiling  point  of  alcohol  lower.  ^^ 
sequcntly,  a  more  aqueous  portion  distils  fir*t  under  •■■^**! 
circumstances.  But  on  tlic  other  hand,  when  the  pr«<l 
lion  of  water  reaches  to  six  per  cent.,  the  result  \a  ilM  * 
cd,  BO  that  the  product,  which  first  comes  over,  !■>  ■ 
aqueous  than  the  subsequent  product.  Accordiog  |o  ^*1^ 
ning,  if  the  capital  of  the  still  be  kept  at  174%  nof«c»'j 
which  contains  less  than  ninety  per  cent,  of  nlcohoU*^ 
pass  over.  Of  course,  the  same  object  would  be  obtti*** 
by  pasj^ing  the  beak  of  one  rtfort  into  the  tuhulureof  "^^ 
ther  quite  empty,  and  preserving  the  latter  at  a  pv4 
temperature,  while  its  beak  is  made  to  communicate  <** 
a  receiver  properly  refrigerated. 

5582.  Alcohol  may  likewise  be  concentrated  by  tf 
subjected,  in  a  well  cleansed  bladder,  to  the  lempeiW*^ 
of  122°.     The  bladder  is  made  more  efficient  by  >J    ^ 
smeared  with  a  solution  of  gelatine,  four  times  insida  ^■" 
twice  outside. 

5583.  But  to  procure  absolute  alcohol,  or,  io  (C^ 
words,  that  which  is  devoid  of  water,  a  resort  must  to^^ 
to  a  chemical  agent  having  a  great  affinity  for  water.  ^^-^ 
cently  ignited  carbonate  of  potash,  quick-lime,  or  (^^J 
chloride  of  calcium,  may  he  employed.  In  either  case,-  /» 
spirit  must  be  kept  in  contact  with  the  substance  einpl<^'"i 
for  some  time  before  distillation.    Chloride  of  calciusr  ^ 
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f  fused,  is  generally  preferred.  Of  the  spirit  of  wine 
>t  more  than  0.833  in  density,  and  of  the  chloride  of 
Jin,  equal  weights  being  mixed  so  as  to  form  a  satu- 
solution  by  the  distillation  of  this  and  a  well  con- 
I  refrigerator,  half  the  volume  of  absolute  alcohol 
be  obtained*  In  this  state  it  has  a  specific  gravity, 
-ding  to  Ure,  of  0.791  at  68^ 

34.  Alcohol  has  a  very  powerful  affinity  for  water,  so 
absorb  it  from  the  atmosphere,  and  from  organic 
ances  in  general.  It  is  by  neutralizing  water  that  it 
rves  anatomical  preparations,  performing,  in  this  re- 
,  a  part  analogous  to  that  of  brine.  As  the  freezing 
of  mixtures  of  this  liquid  with  water  is  extremely  low 
added  to  snow,  it  operates  as  deliquescent  salt,  and 
ices  cold  (419).  The  opposite  effect  results  from  its 
I  with  water,  as  it  forms  in  that  case  a  liquid,  of  which 
Bpacity  for  heat  is  less  than  the  sum  of  the  capacities 
I  ingredients.  Alcohol,  by  combustion,  yields  only 
r  and  carbonic  acid.  It  is  more  expansible  than  wa- 
tnd  boils  at  \1&'.  Its  capacity  for  heat,  whether  in 
iquid  or  aeriform  state,  is  much  less  than  that  of 
r.  It  is  a  powerful  solvent,  and  highly  useful  agent 
urmacy,  and  in  the  delicate  analysis  of  vegetable  and 
b1  matter.  There  is  no  satisfactory  evidence  that  al- 
bas ever  been  frozen.  The  most  intense  cold  pro- 
I  by  solid  carbonic  acid  and  ether,  by  Dr.  Mitchell, 
'd  it  to  become  syrupy  in  consistence,  but  did  not 
5  it.  The  addition  of  one-seventh  of  oil  of  turpentine 
^nder  the  flame  of  alcohol  so  luminous,  as  to  be  a 
»^ent  substitute  for  a  candle  flame.  When  alcohol 
5sed  through  a  red-hot  porcelain  or  copper  tube,  it  is 
ioposed  into  water  and  carburetted  hydrogen. 

Of  Ethero-sulphurous  Acid,  or  Sulphurous  Ether. 

5.  Although  no  definite  compound  of  sulphurous  acid  with  the  oxide 
^l  has  been  made,  an  affinity  exists  between  this  acid  and  oxide,  ra- 
ng that  between  alcohol  and  water.  Sulphurous  acid  boils  at  — 12°, 
It  98°,  the  difference  being  110°,  Of  course,  were  not  the  affinity 
in  these  fluids  more  energetic  than  that  between  alcohol  and  water,  of 
the  boiling  point  differs  only  by  36°,  they  would  not  remain  united  at 
ty  temperatures.  The  boiling  point  of  sulphurous  ether  is  lowered, 
portion  as  the  ratio  of  the  acid  to  the  sulphuric  ether  is  increased, 
it  contains  oil  of  wine,  the  temperature  necessary  to  ebullition  of  the 
^e,  is  inversely  as  the  quantity  of  the  sulphurous  acid,  and  directly 
t  af  the  oil  of  wine,  to  the  quantity  of  the  other  ingredient.    Henoe, 
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a]thoug;h  I  havs  oblainod  sulphurous  dher,  which  boib  at  S6°,  il  is  aat  p» 

sible,  with  ihn  hool  of  a  boiling  water  bath,  lo  separate  the  lut  pMUai 
this  ellier  from  ihe  oil  of  wine,  since  n  part  of  llw  latlfr  JisliU  »ith  Jk  . 
knpt  twenty-si\  mensures  of  the  compound  or  sulphtiroua  pUiw  abJoI 
wine  ill  a  glaas  mtrnsure,  over  water,  Ibr  three  weeks,  wiihuul  the  diglB 
perceptible  diminution  of  the  quantity  of  the  former.     By  nimtu  atrnm^. 

Ele  aecured  by  screws,  about  an  ounce  of  ibe  valatile  sulphuroua  <llr~ 
npt  in  contact  with  water  for  more  ihnn  si»  weeks  without  Mpjiatnti 
lion.  Even  when  in  contact  with  ommoniB,  the  Iranifr^r  of  the  aai 
the  other  to  the  alkali  takes  place  slowly,  unless  Dgitation  Iw  rmploTi 

5586.  0/  Uyponitrite.  of  Mp  Oxide  of  Etlttfly  HtfpmUik 
of  Ethyl,  Nitrite  of  Elhi/l,  Nitric  F.ther,  Nitrmu  EHm{ 
C*.  H*0  +  NO'.  Tliis  L-ihGreHl  compound  is  gcncntcd  k) 
the  mixture  of  alcolioi  with  nitric  acid,  provided  llie  coa 
centration  and  proportion  of  the  latter  and  ifio  teflipet* 
turc,  be  such  as  to  prevent  the  reaction  I'rom  being  U» 
violent;  in  which  case  the  products  are  litibl(%  acconoi 
to  Liebig,  to  be  carbonic,  acetic,  and  formic  atnd,  «m 
acetic  and  formic  ether.  This  distinj^uished  chemist  a 
to  mention  the  residual  elements  of  the  nitric  ucid 
ployed.  From  the  copious  display  of  red  fumes,  ibai 
seems  lo  be  reason  to  infer  that  nitrous  or  hypooitniM 
acid  is  abundantly  evolved,  It  in  alleged  by  the  MM 
author,  that  when  tliu  reaction  is  suHicienlty  mitigated  tf 
the  dilution  of  the  reagents,  and  modcratioQ  of  tlM  ' 
perature,  only  aldehyde  and  hyjMJiiitrous  ether  are  j 
rated. 

5j87.  Of  this  I  presume  the  following  rationale  niij  he 
given: — From  an  atom  of  the  acid  employed,  two  •!<»• 
of  oxygen,  uniting  with  two  of  the  hydrogen  of  an  alontf 
the  alcohol,  convert  it  into  aldehyde.  Meanwhile  UttT 
atoms  of  oxygen,  remaining  united  with  oneof  nitrofea, 
the  state  of  hyponitrous  acid,  combine  with  an  fttnmoTlhf 
o.\ide  of  ethyl,  expelling  the  water  by  which  it  waseMUiii 
to  exist  as  alcohol.  It  follows,  that  at  a  niinimuin,  ooe^ 
of  the  alcohol  must  be  destroyed. 

5588.  According  to  Liebig,  the  best  process  for  ttaf^ 
Deration  of  this  ether,  in  purity,  is  to  imprcgiialc  akoW 
with  the  vapour  resulting  from  the  reaction  of  nitric 
with  starch,  passing  the  n#riform  proceeds  tbrough  a 
refrigerated  tube  to  a  receiver  in  a  similar  state.  1 1 
repeated  this  process  twice,  and  liave  found  a  very  s 
quantity  of  pure  ether  to  be  produced,  with  comparatni^ 
large  consumption  of  the  materiaU.  -^ 
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5589.  I  conceive  that  the  best  process  is  that  of  which 
I  gave  an  account  about  four  years  ago,  and  which  is  as 
roflows: — 

6590.  Fourteen  parts  of  the  bypoDitrite  of  soda  with  just  enough  water 
for  its  solution,  seven  parts  of  alcohol,  eight  of  sulphuric  acid  diluted  with 
Iweive  parts  of  water,  are  to  be  refrigerated,  and  introduced  into  a  bottle 
iniaiersed  completely  in  water.  In  a  very  short  time,  hyponitrous  ether 
will  be  seen  swimming  on  the  mixture;  and  ader  about  six  hours  the  pn>- 
oess  will  be  so  far  perlected,  as  to  make  it  expedient  to  decant  the  ether* 

5591.  In  lieu  of  including  the  materials  within  a  bottle,  as  above  de- 
■cribed,  the  salt,  previously  dissolved  in  water,  may  be  introduced  into  a 
tubulated  retort,  with  a  beak  recurved  and  adapted  to  a  refrigerating  appa* 
mtus  and  receiver  surrounded  by  ice-water,  as  already  described.  Through 
tbe  tubulure  of  the  retort,  a  tapering  glass  tube,  terminating  in  an  orifice  of 
about  a  tenth  of  an  inch  in  diameter,  should  defend  nearly  to  the  bottom^ 
being  secured  air-tight  to  the  tubulure  by  gum  elastic  or  other  lutings* 

5592.  The  alcoliol,  acid,  and  water,  beinir  united  and  quite  cool»  may 
be  poured  in  through  the  tube;  the  euier  rapidly  generated  is  con- 

10  the  receiver  in  a  state  quite  free  from  aldehyde.  Water  cootain- 
i/Hg  a  very  little  lime,  potash,  soda,  or  ammonia,  may  be  used  to  bee  it  en- 
grelj  from  acid,  and  quick-lime  to  free  it  from  water. 

6593.  Hyponitrous  ether,  thus  obtained,  difiers  from  the  ether  ordinarily 
Imowo  as  nitric  or  nitrous  ether,  in  having  a  more  bland  and  saccharine 
taale^  milder  odour,  and  greater  volatility.  It  boils  below  65^  F.,  and,  by 
its  spootaneous  evaporation  from  the  bulb  of  a  thennometer,  produces  a  cold 
of  15*  below  zero,  F.  Touched  with  the  finger  or  tongue^  it  hisses  as  does 
inrater  with  a  red-hot  iron. 

5594.  If,  afler  having  boiled  for  some  time,  it  be  allowed  to  stand  (or 
A  while  at  a  temperature  below  its  boiling  point,  the  boiling  will  recommence 
at  a  lower  temperature  than  that  which  was  indicated  by  the  thermometer 
when  the  boiling  ceased. 

5595.  This  seems  to  arise  from  the  partial  re-solution  of  the  ether  into 
an  ethereal  gas,  which  appears  to  be  formed  by  the  materials  by  which  the 
liouid  ether  is  generated,  even  when  refrigerated  below  the  freezing  point. 
I  have  collected  this  ac^riforra  ether,  in  large  quantities,  in  bells  over  mer- 
cury. When  subjected  to  great  pressure,  it  condenses,  more  or  less,  into  a 
jrelfow  liquid,  which  produces,  when  allowed  to  escape  into  the  mouth  or 
noatrils,  the  same  impression  as  the  liquid  ether.  I  have  conjectured  that 
tbia  ether  might  be  a  compound  of  the  liquid  ether  with  nitric  oxide  gas,  or 
Ibat  it  may  be  isomeric  with  the  liquid  ether.  Notwithstanding  many  e(^ 
fbrts  to  obtain  a  liquid  ether  not  resolvable  partially  into  this  gas,  I  have 
never  succeeded.     Ilcnce  the  boiling  point  is  extremely  variable,  as  I  have 

bubbles  escaping  below  40®  from  the  liquid  ether,  when  recently  con- 
after  distillation. 

6596.  In  the  production  of  cold  by  mixture  with  solid  carbonic  acid.  Dr. 
Jm  K-  Mitchell  found  this  ether  more  efficacious  than  that  commonly  known 
as  sulphuric  ether,  more  properly  called  hydric  ether. 

5597.  When  the  new  ether,  as  it  is  first  evolved,  is  distilled  from  pow-^ 
oiiick-lime,  this  earth  imbibes  an  essential  oil,  which,  with  the  aid  of 
',  IS  yielded  to  pure  hydric  ether.    Of  course,  it  is  easy  to  rsmove  this 
aolvQOt  by  evaporation  or  distillation. 
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S59S.  The  odour  o£  this  oit  Beems  to  be  an  ingredieal  in  llwl  of 

nitric ''t her.  Possibly  ihe  hy[>ORilroi]a  ether  mny  resoive  itself  | 
iolo  I  his  oil  and  ihe  gaseous  vlher,  sri  ihiil  ils  Ixiihng  poitil  mnrbe 
v&rii^J  by  this  chemical  chnnge.  1  sus|)ect  Ihtit  the  easeotinl  oil  ia 
18  one  ol'ihe  iin|iuriti<^s  tvhicLi  causes  the  boihng  point  of  the  ether  i 
by  nitric  ecid  and  alcohol,  to  be  higher  Ihnti  the  boiling  pomt  oi 
tainnd,  as  in  my  process,  by  nascent  hyponitrous  add. 

5599.  When  the  heat  is  raised,  ufltr  the  volatile  tthc.r  ccmci 
over  from  the  maieriala  above  menlioned  as  producing  it,  ethereal 
are  distilled,  of  which  the  boiling  point  gradually  uses  as  the  pre 
ceeds.  Meanwhile,  the  product  thus  oblnincd,  becomes  rrM>r«  i 
acrid,  till  at  lost  it  is  rendered  insupportable  to  the  tonguf^  as  m 
after  tasle.  On  mingling  these  liquids  with  a  solution  of  grvco  « 
iron,  the  ether  is  all  absorbed;  but  an  acrid  liquid,  which  cauoH 
Issie,  is  not  absorbed,  and  may  be  Eepamled  by  hydric  ether.  ' 
being  vaporized  by  heat,  the  acrid  liquid  remains.  Tlie  sraalle 
thia  liquid  is  productive  of  an  effect  upon  iho  organs  of  laste  aai 
that  of  oiustard  or  horse-radish. 

5600,  The  new  ether,  when  secured  in  a  glass  phial  by  mcsiu 
ground  stopper,  does  not  undergo  any  change  by  keeping  tn  n  cue 
for  several  months.  A  phial  was  suspended  about  finec-a  fcet 
aurface  of  the  ground,  in  a  cistern  of  water,  for  about  five  tnoatit 
was  k-ll  in  a  cool  cellar  for  a  longer  period,  without  any  appon 
of  properties.  In  this  case  pressure  prevented  the  escape  of  the  o 
as  above  mentioned. 

5001.  All  the  eihercal  compounds  formed  by  the  reactioti  of  I 
of  uitrogen  with  alcohol  appear  to  he  decomposable  by  gma  < 
iron.  Under  these  circumstances,  according  to  BerKelius,  a  idbI 
IB  formed  from  common  nitric  ether. 

5603.  Concentrated  sulphuric  acid  absorbs  theeletnenln  derm 
alcohol,  and  liberates  nitric  o.xido  gas,  which  is,  il  is  wpM  kriof 
absorbable  by  the  green  sulphate  above  menlioned.  Lei  there  b 
lindrical  glass  jars,  of  such  a  ratio  to  each  other  in  size,  as  to  all 
terstices  of  about  half  an  inch  between  the  second  or  intermedia 
the  outer  end  innermost  jar;  likewise,  let  two  bell.glnssps  be  p 

other  will  cover  and  descend  into  the  outer  interstice.  Let  a  > 
containing  the  ether,  be  placed  in  llie  innermost  jar,  and  let  (be  o 
supplied  with  green  sulph:iie  of  iron,  the  other  two  with  rancen 
phuric  Hcid,  and  let  the  bells  be  put  in  their  respective  places. 

5603,  Under  these  circumstances,  the  ether  will  bo  gradually 
and  the  alcoholic  elements,  with  some  oxygen,  will  be  absorbed  b 
while  nitric  oxide,  being  liberated,  will  pass  into  the  sulphate,  an 
aequently,  absorbed. 

Of  the  Process  for  Sweet  Spirit  of  Nilrt, 

5604.  This  name  ia  applied  to  a  dilute  solutioi 
pure  hyponitrous  ether  in  alcoliol,  wliich  has  acqu 
name  from  being  obtained  by  subjecting  nitre  and 
ric  acid  to  distillation  with  a  great  excess  of  alcohc 
proportions,  agreeably  to  the  United  States  Dispei 
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)unds  of  nitre,  one  and  a  half  pounds  of  acid,  nine 
of  alcohol,  the  product  being  rectified  from  a 
)of  spirit  and  an  ounce  of  carbonate  of  potassa. 
t  spirit  of  nitre  of  commerce  is  a  very  uncertain 
to  the  nature  and  proportion  of  its  ingredients, 
been  informed  by  eminent  druggists,  as  well  as 
i.  By  keeping,  it  becomes  partially  acidified, 
have  kept  pure  byponitrous  ether  in  a  cool  cel- 
;arly  a  year  without  deterioration.  I  am  of  opi- 
it  would  be  advantageous  if  the  prescriptions  of 
:ians  were  made  with  reference  to  ingredients  of 
rree  of  purity.  The  physician  should  know  how 
I  ether  is  contained  m  the  diluted  article  which 
his  patient  to  use.  Hence  the  pure  hyponitrite 
•f  ethyl  should  be  prescribed,  adding  as  much  al- 
^atcr  as  may  be  deemed  necessary.  Agreeably 
sent  practice,  it  is  in  the  power  of  manumcturing 
to  impoverish  ethereal  preparations  with  little 
detection. 

Pursuant  to  the  London  Pharmacopoeia,  three 
nitric  acid,  by  distillation  with  a  quart  of  alco- 
illowed  to  produce  twenty-four  fluid  ounces  of 
it  of  nitre.  According  to  Thenard,  the  quantity 
when  the  materials  are  in  the  ratio  of  equality, 
o  two-thirds  the  weight  of  the  acid.  Hence  it  is 
that  the  quantity  of  ether  in  twenty-four  fluid 
sweet  spirit  of  nitre,  obtained  as  above  men- 
not  more  than  two  ounces.  I  infer  that  sweet 
litre,  of  a  more  uniform  strength,  would  be  ob- 
the  addition  of  alcohol  to  pure  nitric  ether,  to  an 
more  than  adequate  to  render  it  soluble  in  water, 
adding  water  to  the  alcoholic  solution,  until  the 
uld  form  only  a  twelfth  of  the  aggregate.  In  a 
)n  thus  made,  the  properties  of  the  ether  would 
fiecessarily  associated  with  those  of  alcohol,  as 
al  officinal  preparation. 

Perchlorate  of  the  Oxide  of  Ethyl^  cr  Perchloric  Ether. 

is  ether  was  discovered,  in  my  laboratory,  by  Mr.  Martin  Boy6 
rk  Hare. 

was  obtained  by  subjecting  about  ninety  grains  of  crystalliied 

of  baryta,  with  an  equivalent  proportion  of  perchlorate  of  ba- 

jistillatory  process,  receiving  the  product  in  from  one  to  two 

ibeolute  alcohol.    By  complex  affinity,  the  lulphuric  acid  of  the 
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Nilphovinate  diaposscMes  ihe  perchloric  acid  of  the  baryta,  wIuIb,  H  tt 
same  lime,  the  last  raeoiioned  ociil  combinos  wilh  the  oxide  of  ethyl. 

66(11^.  The  perchlurate  of  elliyl  is  a  transparcot,  colutirkv*  hquil.^ 
eesfling  a  peculiar,  though  agreenbli^  smell,  and  a  very  eHt«i  ta*tr,  *h^ 
on  eiibsiding,  leaves  a  Inting  improsBion  on  the  tongue,  rcvemblinglklrf 
the  oil  of  cinnttnion,but  more  acrid  and  enduring.  U  is  benvierlknMii^ 
through  which  it  rapidly  sinks.  It  explodes  by  igoilinti,  friction,  scfMC* 
sion,  and  sometimes  tviihoul  any  assi<!nnble  cautic.  Its  exploNrep^aiM 
may  be  safely  shoivn,  by  pouring  a  small  portion  of  the  nIcoWic  aMm 
inlo  a  amnti  porcelain  capsule,  and  adding  sn  equal  volume  oT  nttr*  V» 
ether  will  collect  in  a  drop  at  the  bottom,  and  may  be  suh^rqnHittT  a^fr 
rated  by  pouring  ofTihe  greater  part  of  the  water,  and  throating  the  iMH 
a  moistened  filler,  supported  by  a  wire.  Allcr  (he  water  has  dnia>J<t 
the  drop  of  ether  remaining  ul  the  bottom  of  the  filter  rnny  bt  rxftM 
either  by  approaching  it  to  an  ignited  body,  or  by  the  blow  of  ■  baaan 
The  violence  and  readiness  with  which  this  ether  explodes  ia  not  Birpaari 
by  that  of  any  other  known  compound.  By  the  sauillr^i  drop,  M  ifN 
porcelain  plate  may  be  reduced  into  fragments,  and  by  n  larger  ({iMnbC}.* 
powder.  In  consequence  of"  the  force  with  which  it  projects  the 
fragments  of  any  containing  vessel  in  which  it  cupJodes,  it  n  nemsM 
the  operator  should  wear  gloves,  and  a  close  musk,  turnisbed  wttk 
glass-plates  at  the  apertures  for  the  eyes,  and  perfonn  hta  m 
wilh  the  intervention  of  a  moveable  wooden  screen.* 

5609.  In  common  with  other  ethers,  the  perchlorate  of  e^byl 
in  water,  but  soluble  in  alcohol ;  and  its  aolution  in  the  lallcr,  whra  lA 
ciently  dilute,  burns  entirely  away  without  explosion.  It  may  be  lifi  it 
a  length  of  tinrte  unchanged,  even  when  in  contact  with  water;  bulibt)4fr 
tion  of  this  Ruid,  when  employed  to  precipitate  it  from  its  nlooholic  stiiOA 
causes  it  partially  to  bo  decomposed.  Potassa,  dissolved  in  alcoU.  a' 
added  to  the  alcoholic  solution,  produces  immediately,  an  nbuodut  ps^ 
tate  of  the  perchlorate  of  thai  base,  and,  when  added  in  sutTicieoi  fa^T* 
decomposps  the  ether  entirely. 

3G10.  The  perchlorate  of  ethyl  has  hcctt  subjected  to  the  heataf  k^ 
water  without  explosion  or  ebullition. 

5611.  It  may  be  observed  that  this  is  the  first  ether  formed  by  Ibtc^ 
binalion  of  an  inorganic  acid  containing  more  than  three  biodm  of  tmjf 
with  the  oxide  of  ethule,  and  that  the  chlorine  and  oxygen  in  tbc  *M 
compound  arc  just  suHicient  to  form  chlorohydric  acid,  water  asd  laitW 
oxide  with  the  hydrogen  and  carbon.  It  is  also  the  only  eiber  iriuek  ■* 
plosive  per  ae. 

Of  Acetic  Ether,  or  Aeetaled  Oxide  of  Ethyt,  C*  H*  0»  +  O  WO- 

56IS.  In  common  wilh  other  oxacid  ethers,  this  ether  may  be  olMil 
agreeably  to  the  principles  already  set  forlh  (6303),  by  disiillinf 
and  sulphuric  acid,  or  in  other  words,  sulphovtiiic  acid,  with  any 
any  sulphovinate  with  concentrated  acetic  acid. 

SfllS.  Acetic  ether  is  colourless,  burns  readily  with  a  (tale  wfloa  kai 
has  B  refref'hing  odour,  with  a  density  of  D.800  at  60".  It  botl*  ai  ltf> 
does  not  redden  litmus,  is  soluble  in  aeveo  parts  of  waior,  and  in  etery  p» 

•  Tor  iba  pirlical«r«  of  Iheproceea  1  r^rer  lo 
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on  in  aloobol  or  ether.  In  general  it  is  a  solvent  of  all  the  substances 
h  distsoWe  in  this  last  mentioned  liquid.  By  alkalies  it  is  readily 
mposed,  likewise  by  sulphuric  acid  by  which  it  is  resolved  into  ether 
acetic  acid. 

f  Oxalic  Eikery  or  Oxalaied  Oxide  of  Eikyl,  O  HK)  +  0«  H*  0«. 

314.  This  ethereal  compound,  discovered  by  Thenard,  may  be  obtained 
lie  following  process : — Four  parts  of  binoxalate  of  potash  are  mixed  in 
ort,  with  five  parts  of  oil  of  vitriol,  and  four  parts  of  alcohol,  of  840^, 
briskly  distilled.  As  soon  as  the  product  becomes  turbid  on  the  addi- 
of  water,  the  receiver  is  changed.  The  subsequent  product  being 
kly  mixed  with  four  times  its  bulk  of  water,  the  ^her  sinks  to  the  bot- 
It  should  be  separated  and  washed  with  successive  portions  of  water, 
t  becomes  neutral  to  test  paper.  The  ether  thus  washed  is  transferred 
small  dry  retort,  filled  up  to  nine-tenths  of  its  capacity,  and  recti6ed. 

000  as  the  product  becomes  clear,  and  the  boiling  goes  on,  regularly, 
receiver  is  changed.  What  now  passes  over  is  pure  anhydrous  oxalate 
le  oxide  of  ethyl  (oxalic  ether) — (Ettling).  It  is  a  colourless,  transpa- 
tnt,  oify  fluid,  of  sp.  g.  1.0929  at  46'',  boiling  at  370'',  miscibie  with 
hot  and  ether,  and  having  a  peculiar  aromatic  smell.  In  a  state  of  pu- 
it  may  be  kept  many  days  under  water,  in  which  it  is  very  sparingly 
i>le  without  decomposition ;  but  when  it  contains  but  a  minute  proportion 
"ee  acid  or  alcohol,  it  is  speedily  decomposed  into  oxalic  acid,  which  is 
isited  in  large  four-sided  prisms,  and  alcohol.  The  same  reaction  ensues 

1  an  excess  of  fixed  alkali. 

>f  Carhmdc  Ether,  or  Carbonated  Oxide  ofEtkyl,  C«  HK)  +  CO. 

615.  Discovered  by  Ettling  by  the  following  means : — Fragments  of 
ssium  being  added  to  oxalic  ether,  duly  warmed,  as  long  as  any  gas  is 
red  and  any  excess  of  the  metal  removed,  the  resulting  mass  was  sub- 
d  to  distillation.  Carbonic  ether  was  generated,  and  being  conveyed 
the  receiver,  formed  a  superstratum  upon  the  other  products  of  the  pro- 
•  Being  separated,  and  freed  from  water  by  the  chloride  of  calcium, 
as  redistilled  from  potassium  till,  on  contact  with  caustic  potash,  no  ox- 
e  could  be  formed. 

816.  Carbonic  ether  is  colourless,  ethereal,  and  very  liquid,  having  an 
mt  taste,  and  an  aromatic  odour,  resembling  the  ether  from  which  it 
inates.  It  is  lighter  than  water,  has  the  specific  gravity  0.975  at  66% 
i  at  260^,  and  burns  feebly  with  a  blue  flame.  It  may  be  mingled  in 
proportions  with  alcohol  and  ether,  but  is  insoluble  in  water.  When 
m1  with  an  alcoholic  solution  either  of  the  hydrate  of  potash  or  soda,  it 
jickly  resolved  into  alcohol  and  an  alkaline  carbonate,  which  separates 
rater  as  an  oily  concentrated  solution,  or  forms  as  a  crystalline  powder, 
1  water  be  present.  The  formation  of  carbonic  eiher,  which  is  attended 
the  production  of  several  substances  not  yet  examined,  is  still  unex- 
ned. 

FarmaUd  Oxide  of  Ethyl,  or  Fomdc  Ether,  C*  H*0  +  C»H  0\ 

617.  To  prepare  formic  ether,  seven  parts  dry  fbrmiate  of  soda  are  dis- 
d  with  ten  parts  of  sulphuric  acid,  and  six  of  alcohol,  of  about  830^ 

618.  Formic  ether  is  generated,  and  oames  over  for  the  most  part  with- 
tfaB  application  of  heat.    It  is  depurated  of  acid  by  milk  of  lime,  and 
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rrom  traler  by  chloride  o(  calcium,  which  should  be  added  to  long  m  it  W 
comes  moist  (5281 ). 

SO  19.  Formic  other  is  a  limpid  liquid,  of  a  pcnclraling,  Bronattc 
being  of  the  dcDsity  of  0.91^.  It  boils  al  12S.  Its  lastc  is  cooi'a^mt 
BpiR)r.  It  requires  for  its  solution  ten  parts  of  water,  but  diMolRanifl 
proportions  in  alcohol  and  ether,  in  pyroxylic  spirit  and  ancml  taai  mt 
voLalile  ails.     It  is  aciditied  by  ejtposure  to  air. 

Of  Bentoattd  Oxide  of  Elhyl,  or  Bemoic  Ether,  C»«  H*  O  +  O ff  (X 
6620.  This  elbcr,  discovered  by  Sheelc,  and  analj-zed  by  VftMawi 
Liebig,  is  generated  by  disiilling  a  ruixturc  of  four  paria  oTalcofaol,  tftfi 
two  parts  of  crysinllized  benzoic  acid,  and  ODeorcniioeRtrtlcd,  U^iMLtH^ 
rohydric  acid.  As  soon  as  the  product  renders  water  lurbid,  dw  maw 
should  be  chaivged,  as  what  passes  over  subseqiiRDily  U  bcaaoic  «te 
Tht  ether,  thus  obtained,  must  be  added  to  water  to  se|>arBie  it,  not  belt 
tcrwnrds  boiled,  with  water  and  lilhiirge,  to  remove  free  bcDzuK:  add,  ■■( 
Inslly,  digested  with  chloride  ofcaicium. 

8621,  Benzoic  ether  is  colourless,  neutral,  and  verj-  Itquiil,  Isvi 
ethemil  but  sufTocating  odour,  and  provoking  tears.  Its  specific  g 
at  50^  is  1.0539.  It  boils  at  410°,  is  soluble  in  alcohol  nod  cUkt,  im'w 
aolublo  in  water.  It  is  decomposed  by  cblorino,  acconltog  ta  Mali|A 
producing,  among  other  products,  chloride  of  bcnzule. 

Of  the  Tartrate  and  Citrate  of  ihe  Oxidt  of  Elhyl,  and  etStr  "  & 
of  Elhyl,  so  called,  of  minor  importance. 

.5622.  There  are  few  oxacids  which  may  not  be  united  with  ibe  mild 
elhyl  and  other  oxidized  compound  radicals,  so  as  to  rorm  ootnbiaaliaw* 
cofflposition  analogous  to  the  complex  eliiers.  Those  Ibrntol  witkCffK 
and  tarlarie  acid,  are  hardly  ethereal  in  iheir  prapeniM.  TbecjnM^ 
quirea  a  heat  of  540°  for  ebullition,  and  is  partially  decomp^isoJ  daikf^ 
tillaliun.  The  tartrate,  not  being  cupablt;  of  neulralizaiiou,  is  nwricM- 
gcner  ofsulphovioic  acid,  viewed  as  a  bibasic  acid  (3290),  than  ^itam- 
plex  ethers  (3079). 

S623.  I  shall  forbear  to  treat  of  various  compounds,  analogoaaiBfs^ 
position  to  those  above  described,  whether  having  the  oxide  of  eifayl,«MII 
other  oxidized  compound  radical,  as  a  base,  for  reasons  like  iba«atn4 
given  in  relation  to  the  acids  (5^97). 

Of  (Enanlhated  Oxide  of  Elhyl,  or  (Enanthie  Ether,  C'H'O+C^'H'^ 
5A24.  This  liquid  is  called  ethcn:ul  oil  of  wines,  by  Grahnm.  wlwkl^ 
to  confound  it  with  the  oil  of  wine,  Licbig's  sulphate  of  ethyl  and  dtc^ 
It  is  alleged  to  be  the  cause  of  the  characteristic  odour  by  which  waM*^ 
genericully  dislingiiislicd  from  dilute  alcohol.  It  forms  o  portioa  nf  Ati*" 
aidim  of  the  distillation  of  brandy  from  wines  in  the  Inrgn  wav.  It  italV 
constitute  abciut  one  part  in  40,000  of  wine.  The  bouqiKl  by  wUck 
wines  arc  distinguishf^,  ought  to  be  ascribed  to  this  elhf'rTOl  cooipood. 

5625.  CEnnnthic  ether  is  a  colourless  lir|uid,  having  an  inlmae  adoar' 
wine,  almost  intoxicating  when  plentifully  inspired,  and  u  strong  di«q|i^ 
able  taste.  It  is  soluble  in  ether  and  in  alcohol,  whether  conoeRtrsied  * 
dilute  i  but  not  in  water.  Its  density  is  362  ;  its  volatility  W>te.  h  » 
quires  a  temperature  between  434  and  446  for  obullition.  Thn  cite* 
instantly  decompoaed  by  fixed  caiiBtic  alkalies  j  but  aot  by  ■iwiimii  ~ 
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carboDAtet.  When  distilled  with  caustic  potash,  it  is  fssolfted  into 
which  comes  over)  and  a  very  soluble  araanthate  of  potash.— -6ia- 

lemeots. 

7le  Ether$i  formed  by  the  SuhtHtvtion  of  another  Baeacigen  Body 
xygen  in  the  Oxide  of  Ethyl;  or  for  the  Hydrogen  in  dke  Water 
I  with  that  Oxide. 

Chloride  of  ethyl^  C*  H*  Q,  also  called  ehUrohydrie  etker.for- 
lurioHc  ether. — It  must  be  evident,  from  the  comparison  of  the  for- 
ove  given,  with  that  of  ether,  C^  H*  O,  that  this  chloride  diftrs 
t  oxide,  only  in  the  substitution  of  an  atom  of  chlorine  for  an  atom 
in. 

Chloride  of  ethyl  is  generated  by  the  distillatory  reaction  of  chlo- 
acid,  or  various  chlorides,  either  with  the  oxide  of  ethyl,  with  al- 
r  any  other  of  the  compounds  of  that  oxide,  such  as  acetic,  citric, 
irtaric  ether,  6^.  Agreeably  to  one  process,  alcohol  is  to  be  first 
i  with  chlorohydric  acid  gas;  according  to  another,  it  should  be 
with  an  equivalent  proportion  of  a  strong  aqueous  solution  of  that 
means  ofa  glass  retort,  communicating  by  a  tube  with  some  water, 
perature  of  about  90^  F.,  in  a  bottle  with  three  orifices.  Through 
»,  the  tube  proceeding  from  the  retort  enters,  and  is  luted  air-tight; 
:her  orifice,  a  tube  of  safety  is  inserted ;  from  the  third  orifice  pro- 
other  tube,  arranged  so  as  to  communicate,  throush  a  refirigerating 
IS,  with  the  interior  of  a  phial  surrounded  by  a  freeuns  mixture. 
!er  in  the  intermediate  vessel  detains  any  alcohol  or  acid  evolved 
ether,  which,  in  consequence  of  its  greater  volatility,  reaches  the 
The  product  is  freed  from  water  and  alcohol  by  digestion,  fi>r  twen* 
KXJrs,  on  chloride  of  calcium,  cooled  by  ice-water. 
Chloride  of  ethyl  is  a  colourless,  ethereal  liquid,  with  an  aromatic, 
ing,  and  somewhat  alliaceous  odour.  Its  density  is  .874  at  41**. 
It  52^;  does  not  redden  litmus;  dissolves  in  twenty-A>ur  parts  of 
roducing  a  solution  which  has  a  fresh,  aromatic  taste*  With  solu- 
silver  it  gives  no  precipitate.  It  burns  with  a  bright  flame,  green 
irder,  evolving  fumes  of  chlorohydric  acid.  In  passing  through  an 
tcent  tube,  it  is  resolved  into  equal  volumes  of  that  acid,  and  defiant 
he  exposure  of  this  chloride  to  gaseous  chlorine,  aided  by  the  solar 
s  given  rise  to  a  series  of  compounds.  It  is  decomposed  after  some 
'  the  alkaline  hydrates,  into  a  chloride  of  the  ingredient  metab, 
»hol. 
Bromide  of  ethyl^  C*  W  Br,  was  discovered  (>y  Serullas,  by  dis- 
mixture  of  one  part  of  bromine,  four  of  alcohol,  and  one-eighth 
phorus.     It  is  a  colourless  liquid,  denser  than  water,  and  very  vo- 

.  Iodide  of  ethylj  C*  W  I,  msy  be  obtained  by  distilling  alcohol, 
d  with  hydriodic  acid  gas.  It  is  a  colourless  liquid,  of  the  density 
^.     It  boils  at  161°. 

.  Svlphide  ofethyl^  C*  H'  S,  is  formed  by  transmitting  the  vapour 
ohydric  ether,  through  an  alcoholic  solution  of  the  proto-sulphuret 
num ;  the  chlorine  being  precipitated  with  the  potassium,  (he  sul- 
ites  with  the  ethyl  and  is  dissolved,  or  distils  over,  if  kept  suffi- 
warm.  It  is  a  colourless  liquid ;  the  boiling  point,  185^ ;  density, 
t68^ 
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£esa.  Sulphydmle  of  tke  Sulphide  of  Elhsl,  or  Mercmpimm,  O  ff  I 

■^  HS-^It  mi){l)t  be  odvanlageously  called  tulphalcoAol,  araee  H^htf 
perfornia  in  it  tlie  part  alluiKd  to  oxygf  n  in  alcohoi  proper,  muifkjintmi 
occupying  the  placn  of  water,  aa  may  be  perceived  by  llio  naaw  uilip 

Mas,  The  best  way  to  prepare  this  compound,  discvveral  by  Zum,  k 
to  diiitil  a  solitiion  of  the  auiphovinale  of  lime,  of  the  deosiiy  nf  IJB^  ail 
n  solution  nf  sulphyilriitc  oft  hi:  sulphide  of  potassii.-m,  gcni-mtm]  hjmtmt-- 
ting  a.  BoIuEion  of  potash,  also  of  the  density  of  1.39,  with  milph  vAk  vil 
gan. 

S6-14.  The  product  mav  be  condensed  by  means  of  «  mfrigrrMi^^ 
psratiis,  like  that  nieniioned  as  hsving  been  used  for  ethnr  (iUBT).  1 
may  be  purified  from  an  excess  ofsulpbydric  acid,  atcohni  anil  malit,  If i 
socond  distilfslion  Trom  a  small  quantity  of  red  oxi*le  of  mrrcory,  anla^ 
setjuenl  digestion  with  chloride  of  enlciiim.  Mercaptan  lirMla  at  100*  m& 
ly,  bcinj;  n  colourless,  elhereal  liquid,  with  a  most  penniriiiing  and  iM^ 
portable  alliaceous  odour.  Its  density  is  said  to  be  0.H3A  at  70*,  m- 
Q-HAi  at  fitt".  It  is  solublo  in  alcohol  and  ether,  but  it  is  vory  bIkM^V 
luble  in  water.  The  sulphydriu  acid  of  mercaptan  r«tcta  powerlbl;  «A 
metallic  oxides,  generating  water,  and  s  sulphide  of  ihn  fmsul.  Thi^ 
phide  remains  Id  combination  with  ihe  sulphide  of  ethyl,  ihoa  Cotb^* 
cla^A  of  sulphur  salts.  Tho  oxide  of  mercury  ia  instantly  ooatusA  1^ 
mercaptan,  into  a  compound  of  (his  cinss,  the  mcrcapti«Jc  of  ttM.'rvi(rT,0  V 
3  +  Hg  S,  which  is  a  while,  crystalline  mass,  soft  to  the  touch,' aditf 
odour,  insoluble  in  water,  and  fuxlble,  like  wax,  ai  165°.  Tbb  luump* 
when  distilled  leaves  cinnabar,  and  ufTurds  a  volatile  liquid,  wtiick  tMoil 
been  examined.  The  oxide  of  gold  Is  also  strongly  sctei]  an  by  oKnifat) 
but  other  metallic  oxides  are  less  alfecled  in  proportion  as  ihey  «n  ^ 
electro-positive.  Thus,  the  hydrates  of  polaeh  and  Bo<ta  hawv  no^Hlk 
resdion  with  mercaptan.  Wfafm  gently  heoted,  with  nitrie  acad.  mtHt^ 
is  converted  into  a  new  acid,  which  contains  sulphide  of  eibyl,  mal  fc* 
mentK  of  sulphuric  ncid,  C*  H*  S'  O'  (Lmrig,  Kopp). 

.5635.  Bimlphide  of  ethyl,  C*  H'  S'.—K  iranspnrenl.  «h  f^ 
which  boils  at  12:).^",  is  obtained  by  distilling  a  mixture  of  irifb"V 
naio  of  potash  and  the  porsulphide  of  potassium.  It  is  doco^OHt  If 
causlic  polaah,  or  by  nitric  acid  (ZeJK,  Pyrame,  Morin). 

6fi36.  Selenide  of  ethyl  is  obtained,  according  lo  L<Bwig,  in  ihtM* 
way  as  the  sulphide,  subsiituting  in  the  process,  selcnid«  of  potMrnium  tf 
the  sut|ihide  of  potassium. 

6637.  Telluride  of  ethyl,  C*  H',  a  very  volntilc  liquid,  of  a  (krp«^ 
colour  (Wheeler),  may  be  obtained  also  by  a  similar  proce»,  luti^ltel^ 
I u ride  of  potassium. 

6636.  Cfiinide  of  ethyl,  improperly  called  eyanhydrie  tthrr,  —  OfH* 
is  a  colourless  liquid,  with  sn  insupportable  odour  of  );nrlic,  waa  eMiM 
by  Pelouze,  by  exposing  a  dry  mixture  of  sulphate  of  ethvl  and  poMdb* 
a  gentle  heat,  gradually  increased.  It  has  also  b(«n  formed  by  dMSiif  * 
mixture  ofBulphocyanide  of  potassium,  alcohol,  and  sulpbnnc  ao^  b>* 
thick,  oily  liquid,  oftbedeiuity  of  0.7,  boiling  at  ITO.d". 
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^  the  Dehydrogenation  and  Oxidation  of  Ethyl,  as  con^^ 
tained  in  Ether  or  Alcohol,  and  of  the  Oxidation  of  the 
residual  Products. 

5639.  The  precipitation  of  carbon  which  gives  a  fuligi- 
nous character  to  the  flame  of  essential  oils  and  resins, 
lias  been  ascribed  to  an  inadequate  supply  of  oxygen,  and 
the  superior  affinity  of  hydrogen  for  oxygen,  comparative- 
ly with  carbon,  at  moderate  temperatures.  In  consequence 
i>f  this  preference  thus  given,  when  some  of  the  compounds 
ttf  ethyl  are  subjected  to  oxidating  agents,  in  processes 
below  the  temperature  of  ignition,  more  or  less  hydrogen 
is  removed  according  to  the  intensity  of  the  reaction. 
Thus,  from  alcohol  C*  H*0  +  HO,  two  atoms  of  hydrogen 
being  taken,  aldehyde  is  engendered,  C*  WO  +  HO.  Th^se 
elements,  by  the  absorption  of  one  atom  of  oxygen,  form 
sm  acid  which  has  been  .called  aldehydic  acid,  or  acetous 
icid,  C*  H' O^  +  HO.  Another  atom  of  oxygen  converts 
this  acid  into  acetic  acid,  C*  H^  +  O^  +  HO.  Aldehydic 
ftcid  has  also  been  designated  as  acetous  acid,  having  the 
same  radical,  and  less  oxygen  than  acetic  acid  (3094). 

5640.  Acetyl,  of  which  the  formula  is  C*  H^,  has  been 
already  described  as  a  compound  radical,  indebted  for  its 
existence  to  the  removal  of  two  of  the  five  atoms  of  hydro- 
gen belonging  to  ethyl  (3093).  Liebig  attributes  this  re- 
sult to  the  oxidation  of  the  ethyl ;  but  it  is,  as  I  conceive, 
a  case  of  dekydrofrenntion  of  ethyl,  resulting  from  the  oxi- 
dation of  two-fiftlis  of  its  hydrogen.  The  relation  between 
tbis  radical  and  its  progeny  may  be  seen  in  the  following 
tabic. 

Acetvl,       -            -            -            -  OW 
Aldehydic,  or  hydrate  of  the  oxide  of  ace- 
tyl,     ...            -  eHK)+HO. 
Acetous,  or  aldehydic  acid,              -  C*  H^  +  HO. 
Acetic  acid,             -           -            -  CH^  +  IIO. 

No  oxide  of  acetyl  has  been  ascertained  to  exist  uncom- 
iMned  with  water  and  corresponding  to  common  ether. 

Of  the  Hydrated  Oxide  of  Acetyl,  called  Aldehyde. 

5641.  By  inspection  of  the  respective  formulae,  it  will 
be  perceived,  that  this  compound  differs  from  alcohol  only 
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in  the  loss  of  two  atoms  of  hydrogen.     Hence  its  lU 
from  the  first  syllable  of  each  of  the  words  <i/r<jlioI  and 
Ayrfrogeiiiituin.     Aldt-liyde  is  one  of  the  products  of 
decomposition  of  alcohol,  or  ether,  by  passngc  ihronght 
tube  at  a  low  red  heat:  during  cthcrification  by  oithe 
(5586):  by  platina  wire  ia  the  lamp  without  ntimc,  as 
other  cases.     Licbig's  process  for  the  preparation  of  Bldfr> 
hyde  is  as  followa: — Six  parts  of  oil  of  vitriol  with  (aurf 
water;  four  parts  of  spirits  of  wine  and  six  of  black  oflfe 
of  manganese,  are  to  be  distilled  with  a  very  gentle  IrHi 
and  the  product  collected  in  a  receiver  surruunded  will 
ice-water.     This  process  is  completed  as  soon  as  thea 
terials  in  the  retort  cease  to  froth  up.    Kane  obserreslli 
a  purer  product  may  be  obtained  by  distilling  two  puis 
spirits  of  wine  with  three  of  bichromate  of  potash,  three  of 
oil  of  vitriol,  and  six  of  water;  the  two  last  lieing  prenow- 
ly  mixed  and  allowed  to  cool.    To  obtain  aldehyde  aJ»>- 
lutety  pure,  it  must  be  combined  with  ammonia ;  tbc  mat- 
ing crystallized  ammonincal  compoimd  must  aflerwairiik 
decomposed  by  dilute  sulphuric  acid,  distilled,  by  inetsflf 
a  water-bath  at  120",  with  great  care,  and  finally  rcctiM 
over  fused  chloride  of  calcium. 

5642.  Aldehyde  is  a  colourless,  inflammable  liquid,  of  « 
peculiar  ethereal  and  suiFocating  odour.  It  boUs  at  7f, 
has  the  density  0.790  at  64.40,  and  is  soluble  in  mltr, 
alcohol  and  ether.  By  absorbing  atmospheric  oxjgeo.  it 
is  converted  spontaneously  into  acetic  acid.  It  rfissoWe 
phosphorus,  sulphur  and  iodine.  Aldehyde  is  capable  of 
combining  directly  with  ammonia  and  potash,  thus  erincif 
an  approach  to  the  acid  character. 

5643.  Ammonialed  Aldehyde,  or  the  Hypoacrtilr  nf  Awn- 
nia,  C'H'O,  NH' +  MO.  In  this  compoimd  aldehyde  >f- 
pears  to  act  as  an  acid  in  entering  into  union  with  the  Glide 
of  ammonium  (llOG),  so  that  it  might  be  consi^tcntlT de- 
signated as  hypoacetous  acid.  Ammonialed  aldehydccnv 
tallizes  in  acute,  colourless,  transparent,  brilliant,  frMt 
rhomboids,  of  a  considerable  magnitude,  and  whicb  btn 
an  odour  of  spirit  of  turpentine.  These  crystals  fuse  be- 
tween 150°  and  172°,  and  distil  without  dcconiposilioo,*! 
212°.  They  burn  with  a  yellow  flame.  In  tlu?  air,  ore«* 
in  closed  phials,  they  turn  brown,  acquiring  the  smell  of" 
burnt  feather.  Under  pure  elher  they  may  be  prrserT(4 
but  not  for  a  long  time.     These  crystals  ar^  solaUe  ii 
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water  in  all  proportions,  and  more  readily  in  hot  than  in 
bcrfd  alcohol.    In  ether  they  are  but  little  soluble. 

M44.  Acetal,  a  compound  of  aldehyde  wUh  ethery  O  HK)  +  O  H*0 
+  HO  =  C*  H*  O*,  was  discovered  by  Dobereiner,  and  described  as  oxy- 
ffumted  ether.     It  is  formed  by  the  reaction  of  platinum  black  with  the  va- 

Cur  of  alcohol,  with  the  presence  of  oxygen.  Acetal  is  a  colourless  liquid, 
?ing  a  peculiar  odour,  suggesting  that  of  Hungary  wines.  It  boils  at 
MNI^ ;  its  density  is  0.823  at  68^.  It  is  soluble  in  six  or  seven  parts  of 
Mter,  and  mixes  with  alcohol  in  all  proportions. 

'  5945.  The  crude  formula  of  acetal  being  C*  H*  ()•,  two  atoms  of  it 
iriU  be  found  to  contain  the  ingredients  of  three  atoms  of  ether,  and  one 
Df  acetic  acid. 

5646.  Resin  of  aldehyde  is  a  product  of  the  decomposition  of  aldehyde 
by  alkalies,  with  the  assistance  of  air. 

M47.  Elaldehyde. — When  pure  anhydrous  aldehyde  is  kept  for  some 
fme  at  32",  while  gradually  losing  its  power  to  mix  with  water,  it  is  trans- 
Rntned  into  a  coherent  mass  of  long,  transparent,  needle-shaped  crystals,  re- 
lembling  tpiculee  of  ice.  This  is  elaldehyde^  which  is  similar  in  composi- 
tion to  aldehyde,  but  of  three  times  the  atomic  weight,  judging  from  the 
ienaity  of  its  vapour.     Elaldehyde  fuses  at  35.6^,  and  boils  at  201.2^. 

5648.  Meialdehyde  is  another  product  of  the  condensation  of  the  ele- 
neots  of  aldehyde,  which  appears  in  aldehyde  lef\  for  some  time  in  a  well- 
flopped  phial,  in  the  form  of  white  and  transparent  needles,  or  colourless 
prisms,  which  gradually  attain  a  certain  magnitude.  It  sublimes  at  248^, 
arithout  fusing,  and  condenses  in  the  air  in  snowy  and  very  light  flocks, 
[t  is  insoluble  in  water,  but  dissolves  easily  in  alcohol. 

Of  some  interesting  Results  of  the  substitution  cf  Chlorine,  Bromine^  SuU 
pkwy  and  other  Basacigen  Bodies,  for  the  Hydrogen  or  the  Oxygen 
in  ike  Compounds  of  Ethyl  and  Acetyl. 

5649.  Of  the  Chlorohydrate  of  the  Chloride  of  Acetyl,  Chlorine  Ether, 
Bichlorine  Ether,  C*  Ii»  CI  +  CI  H.— Under  the  head  ''olejlani  gas'' 
[1274),  it  was  meniioncd  (1292)  that  olefiant  gas  received  its  name  from 
Its  capacity  of  forming  u  liquid  of  on  oily  consistency,  having  an  agreeable 
imell  and  taste.  On  account  of  its  resemblance  to  ethereal  compounds,  as 
respects  fragrance,  solubility  and  taste,  and  the  presence  in  it  of  two  atoms 
»r  chlorine,  it  ha.s  been  called  bichlorine  el  her.  Considering  olefiant  gas 
IS  a  hydruret  of  acetyl,  C*  H'  +  H,  the  liquid  in  question  is,  by  Liefa^'g, 
leated  of  under  the  app<.'lIation  at  the  head  of  this  article,  which  indicates  it 
JD  consist  of  chloroliydric  acid,  C  H,  and  chloride  of  acetyl,  C*  H'  CI. 

56.50.  This  liquid  is  usually  mad(^  by  the  confluence  of  equal  volumes 
sf  moLst  chlorine  and  the  pas  above  mentioned,  within  a  large  receiver, 
o»TeT  water.  Liehicr  recommends  the  reaction  of  the  same  olefiant  gas 
with  the  perchloride  of  antimony,  so  long  as  there  is  any  absorption. 
The  resulting  mass  is  to  Ixi  subjected  to  distillation,  till  the  product  ceases 
to  yield  any  ethonal  liquid  on  the  addition  of  water.  The  combination 
thus  elaborated,  requires  to  be  depurattnl  by  redistillation  with  water,  and 
lobscquent  a«ritation  with  sulphuric  acid  to  depurate  it  of  moisture.  This 
(mleal  is  to  Ik*  repeated  until  it  ceases  to  be  aflected  by  sulphydric  acid,  or 
to  ennit  chlorohydric  acid  during  distillation.  Finally,  being  successively 
washed  with  water,  and  kept  in  contact  with  chloride  of^  calcium,  it  becomes 
f  aite  pure. 
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S051.  Thus  obUined,  the  chlorohydrale  oT  the  chloride  of  aeetji  •<» 
lourlcss,  very  liquid,  and,  as  respi-cis  smell  and  taste,  swcvi  aod  acnvl^ 
It  boils  at  ITtt".  il  may  l>c  dLstillu'l,  niilmul  di.vomposiiioii,  from  ibails- 
line  hydrates.  It  communicak's  iia  ainell  lo  waitr,  ntiliuugh  ioaUk 
therein.  In  alcobol  and  ether  it  ilissolvea  id  all  proportionx.  Bt  an  ik^ 
hotic  solutioD  of  potusli,  it  is  deconipoi>ed  into  chloride  of  [nuuh  atd  (M» 
ride  of  acetyl.  It  was  by  the  exposure  of  this  chloratiydnlo  to  mOm 
with  chlorine,  in  the  sunshine,  that  Famday  (l^U)  oblaiocd  tte  m^ 
chloride  of  carbon. 

565 J.  Chloride  of  Aetlyl. — Thia  is  a  gaseous  pradurt,  rS  wla^MB* 
lion  is  above  made  as  resulling  from  the  reaction  of  its  chloruliyiliMlA 
potash,  in  alcohol,  li  has  an  alliaceous  odour,  and  may  bo  liqodinlMAl 
IcmptTalure  of — 6". 

5053.  Bromohydraic  of  Bromiiir  of  Acelyl,  Bromide  of  Aettfl, 
hydrate  of  Iodide  of  Acetyl. — Sutistniices  are  described  by  Lirb<g,M«W 
these  Dames  are  ^iven,  which  indicolc  their  analogy  with  the  tn  ■» 
pounds  of  chlorine  last  described. 

5654.  ChlorojAatiaatt  of  Chloride  of  Aeetyl.~By  this  nam  i 
pound  has  been  designated,  in  which  chloroplatinic   acid  takes  liM|ta' 
chlorohydric  acid  in  the  chlorohydrale  of  the  chloride  of  acetyl. 

5655.  Oxgehloride  of  Acetyl,  C*  U'  CI*  O.— This  luiroe  hu  l»w|(|» 
lu  a  colourlesa  oily  liquid,  which  resulla  from  ihe  saluralioa  of  aaljaMf 
ether  with  chlorine,  dcaiccaled  by  being  passed  through  oooeeMiM 
phiirjc  acid.    The  foriniila  of  ether  being  V'H'O,  two  omoftbe  &•«■ 

of  hydrogen  are  converted  into  chlotohydriti-acid,  while  Iwro  aioaMof ' 
rinc  supply  their  place.     Thus  the  oxychloride  of  acetyl  is  grimiini 
process  analogous  to  that  by  which  acetic  acid  la   generali.'d,  tajpm  1^ 
forming,  in  one  cose,  the  same  part  as  clitoriue  in  the  other. 

0656.  It  must  be  evident  that  we  have,  in  the  formula  of  thJn  oowy« 
■bova  ^veo,  the  iagredienla  of  acetyl  combined  both  with  oxjgn  M 
rine.     It  is  therefore  designated  ns  an  oxychloride,  nlihough  tBH^^ 
name  hns  been  applied  lo  the  union  of  an  o\ide  and  a   chkmde,  (aefc  «^- 
rally  combined  with  distinct  atoms  of  the  same  radical. 

5057.  Oryiulphide  of  Acetyl,  C  H'  S'  O.— In  this  compound,  ■l|*« 
occupies  the  place  which  chlorine  Rlls  in  the  oxychloride  of  aoctyt  IM  if 
course  that  which  oxygen  fills  in  anhydrous  acetous  acid.  ThesuMDaA 
of  sulphur  is  oHecled  by  the  reaction  of  the  oxychloride  of  ocMyl  wtt^ 
phydricacid;  during  which,  the  two  atoma  of  chlorine  UDiitng  witktbiM 
of  hydrogen,  two  atoms  ofsulphur  supply  the  place  of  Iho  chlorioe  tkM» 
moved.  During  this  last  mentioned  reHctii>n.  nnolhcr  compound  i*  Smmi 
in  which  only  one  atom  of  the  chlorine  in  the  oxvchloridc  ix  n^ikc^fV 
Bulphur.  The  fonnula,  of  course,  is  C*  H«  CI  SO.  The  rthyl  «»•«« 
eihcr  may,  by  rcactiim  with  chlorine,  hav.*  its  hydrogen  so  fiir  rc^ko'^ 
chlorine  ns  to  be  convened  into  an  oxychloride,  while  its  union  wJi  A* 
Dcrili-  lu'id  r^'^nnitis  unbroken.  Benzoic  elluT  may  nnl  i.nU'  hntrittU* 
siiuilailj  tliani^rd,  but  the  oxygen,  forming iis acid  uiih  liciiz^ik-,  riwy  bO 
placed  bv  chlorine;  so  that  for  Bz  O  +  C'  H'  O,  n  compound  resutti,  » 
presented  by  Rz  CI  +  C*  H'  CI'  O. 

5658.  Chloroxalic  Ether,  C  Cl»  O  +  C  O'.— This  ether  is  citated  M 
the  substitution  of  chlorine  for  the  whole  of  ihe  hydrogen  in  oxalic  hIkt.b 
which  ihe  formuln  is  C*  1 1'  O  +  C»  O*.  It  will  be  seen,  on  comparing tl«« 
formulz,  that  they  diffi-r  only  in  this;  five  atoms  of  chlorine  in  one  tieia^ 
alituted  lor  a  hke  number  of  hydrogen  in  the  other.     It  was  obtained  kf 
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jjecting  oxalic  ether  id  a  retort,  surrounded  by  boiling  water  and  exposed 
the  solar  light,  to  a  current  of  chlorine. 

!V650.  Chloraly*  C*  H^O  +  HO,  is  the  name  given  to  a  compound  dis- 
rered  by  Liebig,  in  which  all  the  hydrogen  of  aldehyde  is  replaced  by 
lorine.  it  might,  with  propriety,  1  think,  be  called  hydrated  oxide  of 
loracetyl,  chloracetyi  being  understood  to  apply  to  the  compound  O  Cl% 
lich  takes  the  place  of  acetyl  as  the  organic  radical.  Chloral  is  the 
innate  product  of  the  dehydrogeuation  of  anhydrous  alcohol,  by  dry 
brine,  and  the  substitution  of  three  atoms  of  chlorine  for  five  of  hy- 
>gen. 

5660.  By  subjecting,  for  twelve  or  fiAeen  hours,  anhydrous  alcohol  to 
lorine,  dried  by  passage  through  sulphuric  acid,  a  copious  evolution  of 
lorohydric  acid  ensues,  and  a  dense  oily  liquid  is  generated,  which  con- 
als  on  cooling,  being  an  impure  hydrate  of  chloral.  It  is  requisite  to 
eck  the  reaction  in  the  first  instance  by  immersion  in  water,  afterward  to 
list  by  heat  the  expulsion  of  the  chlorohydric  acid.  The  hydrate  is  pu- 
led hrst  by  heating  it  in  a  well-stopped  flask,  with  nearly  three  times  its 
ik  of  sulphuric  acid,  when  the  chloral,  depurated  of  water,  forms  a  super- 
itant  stratum.  This  being  separated,  and  boiled  to  expel  free  ehlorohy- 
ic  acid,  or  alcohol,  to  remove  any  residual  moisture,  the  chloral  should 

distilled  from  an  equal  volume  of  sulphuric  acid.  Finally,  it  roust  be 
3tified  from  lime,  which,  ader  being  slaked,  was  rendered  anhydrous  by 
poaure  to  a  bright  red  heat. 

5661.  Chloral,  thus  obtained,  is  a  dense,  oily,  colourless  liquid,  greasy 
the  touch,  having  a  |)enct rating,  disagreeable  odour,  which  provokes 

ars.  its  taste  is  at  first  greasy,  then  caustic.  It  produces  on  paper  an 
anesceot  stain.  Its  density,  at  64.4^  is  1502;  its  boiling  point  is  201% 
^rly.  It  may  be  distilled  without  alteration.  Its  vapour  is  nearly  ^ye 
nes  as  dense  ns  that  of  air,  its  equivalent  being  four  volumes.  Chloral  is 
iscible  either  with  alcohol  or  ether.  Aided  by  heat  it  dissolves  sulphur, 
lo^horus,  or  iodine,  apparently  without  alteration. 

OF  METHYL  ETHERS. 
Of  the  Oxide  of  Methyl,  or  Methylic  Ether,  C?  IV  O. 

5662.  In  treating  of  the  hypothetical  compound  radical, 
lethyl,  it  was  stated,  that  it  was  considered  as  performing, 
I  the  compound  above  mentioned,  a  part  analogous  to 
lat  which  ethyl  is  inferred  to  perform  in  alcohol. 

5663.  The  oxide  of  methyl  is  prepared  by  distilling  one 
art  of  w^ood  spirit,  with  four  parts  of  sulphuric  acid,  the 
esulting  gas  being  transmitted,  successively,  through  a 
ottle  containing  milk  of  lime,  and  several  bottles  duly 
barged  with  pure  water.  In  this  liquid  the  gas  dissolves, 
nd  being  evolved  by  a  boiling  heat,  may  be  collected  over 
lercury.     Oxide  of  methyl  is  an  inflammable,  colourless 

*  The  accoant  of  chloral,  {^iven  under  the  head  of  inor|^nic  oompoundf  of  carboa^ 
MBg  very  brief,  I  ha?e  not  heaitated  to  treat  of  it  a^n,  aa  an  organic  product, 
iih&ai  reference  to  that  imperfect  notice. 
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gas,  of  an  agreeable  ethereal  odotir.  For  liqnefactwl  "^ 
refjuires  a  temperature  below  3.2\  Ttiirly-sfvcniotaiB  *■  " 
ot"  this  gas  dissolve  in  one  of  water.  Alcohol,  hj(ltattd»  ^^* 
ide  of  methyl,  and  concentrated  sulpiiuric  acid,  takeil^  P™ 
to  a  greater  extent.  From  the  latter  it  separates  «wfr*J 
tion  with  water.  The  density  of  llie  gas  is,  by  CK|winRBVl 
160^;  by  calculation,  1570;  its  combining  mcasunbaBgr-'' 
two  volumes.  r"* 

5604.  By  combining  with  the  vapour  of  aiiliytlroo)  it  l*** 
phiiric  acitl,  in  a  glass  balloon,  carefully  cooled,  iheonkl** 
of  methyl  forms  a  neutral  sulphate.     (RcgQauU.) 

0/  Ilydrated  Oxide  of  Methyl,  callrd  PyroryUc^  or  VFiJ 
Spirit,  Methylic  Alcohol,  C*  IF  6  +  HO. 

5fi65.  In  the  process  of  purifying  acetic  acid  Irom 
(5190),  the  crude  acid  is  saturated  by  lime,  and  concc^DtnUd 
by  distillation,  of  which  the  first  product  coiiiuinn  tbo  cadi 
wood  spirit,  winch  may  be  parlially  purified  by  refHtoi 
distillation  from  quick-lime ;  and  in  found  in  this  stiliiB 
commerce.  It  is  still  a  heterogeneous  mixture,  cootuHi^ 
besides  the  hydrnlcd  oxide  of  methyl,  which  lonn*  IM 
larger  part  of  it,  acetone,  and  several  other  volalikud 
inflammable  liquids.  To  purify  the  spirit  in  qucstiofcliii 
treated  with  an  excess  of  chloride  of  cnlcium,  in  ■  tdofti 
and  distilled  by  a  water-bath  heat,  which  (.'xpcis  tbewvf 
volatile  liquids,  and  leaves  tlie  wood  spirit  in  luiiuavith 
the  chloride  of  calcium.  A  volume  of  water,  equal  totiie 
volume  of  wood  spirit  employed,  is  then  added  to  the  f^ 
tort,  and  the  distillation  continued.  The  spiril  caott 
over  imbued  with  a  small  quantity  of  water,  from  wbidti 
may  be  completely  separated  by  subsequent  disuDatiai 
from  quick-lime  (5711,  &:c.). 

5CG6.  Wood  spirit  is  a  volatile,  colourless  liquid,  ti^ 
taneously  recalling  the  taste  and  odour  of  acetic  etbervd 
alcohol.  It  is  very  inflammable,  and  burns  with  a  ^ 
flame.  It  mixes  with  pure  water  without  becoming  t«Wi 
and  likewise  with  alcohol  and  ether.  Its  densilv  is  OJ98 
at  GS°;  its  boiling  point,  1-10°.  The  density  oritsvapovS^ 
by  experiment,  1120;  by  calculuilon,  IKKI;  its  cotnbiailf 
measure  or  equivalent  compri.*cs  four  volunirs. 

56(i7.  With  tlie  aid  of  heat,  liydrated  oxido  of  nictbd 
dissolves  small  portions  of  sulphur  and  phosphorus,  «M 
may  also  serve  as  a  solvent  for  tlic  resins  employed  ■ 
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Baking  varnishes.  It  mixes  with  volatile  oils.  Wood 
qiirit  is,  like  alcohol,  acted  upon  by  chlorine,  peroxide  of 
nanganese  or  sulphuric  acid,  and  by  oxidizing  agents  in 
leneral,  and  yields  analogous  products.  It  is  also  decom- 
posed by  potassium,  with  disengagement  of  pure  hydrogen. 

5668.  Anhydrous  barytes,  although  not  soluble  in  alco- 
I10I9  dissolves  in  pure  wood  spirit,  with  much  heat,  and 
forms  a  compound,  C?  H^  O  HO  +  Ba  O,  which  crystal- 
fizes  in  needles  of  a  silky  lustre.  Lime  is  likewise  soluble 
in  wood  spirit. 

5669.  (Jhloride  of  calcium  dissolves  eagerly  in  this  sol- 
vent, so  as  to  cause  much  heat.  From  a  concentrated 
lolution,  it  crystallizes  in  large,  deliquescent,  hexagonal 
tables,  which  contain  two  atoms  of  hydrated  oxide  of  me- 
thyl, united  with  one  atom  of  chloride  of  calcium. 

5670.  Neutral  Sulphated  Oxide  of  Methyl,  C*  H»  SO.— This  member 
of  the  methyl  series,  which  has  no  analogous  compound  in  that  of  ethyl,  is 

K rated  either  when  oxide  of  methyl  and  anhydrous  sulphuric  acid  are 
ght  into  contact,  or  when  one  part  of  the  hydrated  oxide  is  distilled 
vrith  eight  or  ten  parts  of  sulphuric  acid ;  the  product  being  purified  by 
washing  with  water,  and  distillation  from  chloride  of  calcium  and  quick- 
lime, successively.  Sulphated  oxide  of  methyl  is  a  colourless  liquid,  of  an 
alliaceous  odour,  of  density  1.324  at  71^.6.  It  boils  at  370^.4,  and  may 
be  distilled  without  change.  The  density  of  its  vapour  is  4363.4 ;  it  con- 
sists of  equal  volumes  of  anhydrous  sulphuric  acid  and  oxide  of  methyl, 
ooodeosed  into  one  volume;  its  combining  measure  being  four  volumes,  the 
same  as  that  of  oxide  of  methyl.  It  is  very  slowly  decomposed  by  water 
when  cold,  but  rapidly  when  hot ;  the  acid  sulphated  oxide  of  methyl  and 
water  being  formed,  while  oxide  of  methyl  is  liberated.  By  double  decom- 
position this  compound  may  be  employed  in  preparing  all  the  other  com- 
pounds of  methyl* 

6671.  Acid  Sulphated  Oxide  of  Methyl^  Bisvlphated  Oxide  of  Methyl, 
Svlpkimethylic  Acid,  C^  HO  -f  S»  O"  HO.  This  congener  of  sulphovi- 
nic  acid,  discovered  by  MM.  Dumas  and  Peligot,  and  by  Dr.  Kane,  about 
the  same  time,  is  forimd  by  mixing  ajncentrated  sulphuric  acid  with  hy- 
drate of  oxide  of  mothyl;  or  by  dissolving  the  neutral  sulphate  in  boiling 
water.  Obtained  by  the  latter  method,  and  concentrated  by  evaporation,  it 
ii  a  colourless,  syrupy,  and  very  acid  liquid ;  which,  in  dry  air,  becomes  a 
mass  of  white  crystalline  needles.  It  combines  with  bases  forming  double 
salts,  in  which  the  basic  water  of  the  acid  is  replaced  by  a  metallic  oxide. 
These  double  salts  are  soluble  in  water. 

5672.  Nitrated  Oxide  of  Methyl,  Me  O  NO*.— To  prepare  this  com- 
pound, one  part  of  nitrate  of  potash,  and  a  mixture  of  two  parts  of  concen- 
trated sulphuric  acid  with  one  part  of  wood  spirit,  are  introduced  into  a  re- 
tort. The  mass  rises  in  temperature,  and  a  liquid  distils  without  additional 
heat.  For  its  condensation,  a  refrigerated  tube  should  be  employed,  termi- 
nating in  a  refrigerated  flask.  The  heavier  of  the  two  liquids  found  in  the 
flask  is  nitrated  oxide  of  methyl,  contaminated  by  a  poition  of  a  very  vola- 
compound,  supposed  to  be  formiated  oxide  of  methyl,  which  imparts  the 
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odour  of  cyanhydric  acid.  The  product  a  reclilicd  from 
□ium  and  rrom  liiharge.  The  Issi  porliuna  wliich  dUlil  o^ 
pure.  Nitrated  oxide  of  methyl  is  a  colourless  liquid,  of  o  wak^i 
odour,  which  burns  readily  with  a  yellow  flttme;  its  drnaily  b  1 
71°.(i,  and  boiling  poinr  160°. S.  Hciited  above  24S%  ii«  vapour  i* 
pused  explosively,  producing  carbonic  acid,  water,  sod  dcuioudvtffl 
gen.  This  eilter  is  soluble  in  water,  and  miscibie  in  nil  pvofniMi  ■ 
alcohol,  ether,  and  wood  spirit. 

0/  the  Hyponitritf.  of  the  Oxide  of  Methyl,  or  MethgUe  ItffmM 
Elher,  "  Nitrite  d'Oxide  de  Methyl"  of  hitbig,  and  iMitn. 

8673.  In  his  late  Treatise  on  Or^enic  Chemistry,  Ucbig  nrnkada 

lowing  statement : — "  The  reaction  whicii  nitric;  acid  eifrci«e«  witk  ibi  li|; 

draied  oxide  of  methyl,  is  not  like  that  which  it  '  -     .   • 


since,  while  (his  lii]uid  is  decomposed  with  ^reat  difficulty,  ^iuliHll 
certain  oxidized  products  and  hyiwnilriieortlK-oiidouTiilliyl,  iWiifMl 
oxide  of  methyl  is  not  altered  bjr  nitric  acid,  unless  at  n  boiliif  li| 
When  a  great  excess  of  this  ucid  is  cniployod,  funiiic  aqd  Qxaltc-  mH  M 
generated,  but  no  hypooilrilo  ("  nitrite")  nor  oiiraie  of  the  oxidt  of 
It  would  aecm,  therefore,  that  the  hyponilrite  of  lira  oxide  of  miOqf  Ai* 
not  exist."     Traile,  653. 

£674.  Last  winter,  however,  Doc.  1641,  1  found  that  l«y        ,       _ 
wood  Bpirit  lo  the  procf«s  already  described  for  producing  Uio  hypoM^^ 
ethyl,  a  congenerous  clhereui  pruducl  wa«  obtained  (dSSS).     Hy|     "  '    ' 
methyl  has  a  great  resemblance  to  iu  congener  above  nan    ~ 
SRtelli  and  taste,-  though  there  is  still  a  diveniily  niAlcicnt  la 
Jul  observer  to  distinguish  one  from  the  other. 

S6T&-  When  the  process  in  which  faypooilrous  ether  i» ,      ^ 

tntducing  the  refrigerated  materials  into  a  boule  rarnwulEd  hfimmi 
water,  was  resorted  to,  substituting  wood  spirit  forak-rihol,  ii  u:m  fcW' 
the  elber  did  not  separate  from  the  spirit  fis  twnploiely  us  in  )(k  pwM  41 
which  alcohol  was  the  malerial.  This  I  ascnlm  lo  ibr  alliiiirj  iRbMK 
water  and  wood  spirit  being  inferior  in  that  between  ihis  Inta  awMplfr 
quid  and  alculiol.  The  boJl'ng  point  of  Loih  of  the  Hhurs  Mxaal  k  la 
□eaHy  the  same,  and  in  tM>th,  in  conBOtjuenci.'  of  ihe  escape  iifnnclJMqailn 
an  eflervescence  resembling  that  of  ebullirion,  was  obsrrvixl  lo  lak*  fM 
at  a  lower  temperature,  than  ibat  at  which  the  boiling  juiiu  btcaflB  A> 
lionory. 

6076.  From  the  language  of  Liebig  above  ijuuted,  1  infer  ibal  |MniM 
efforts  to  produce  llie  mcihylic  hyponilrous  ellii^r  hod  fnileil.  T\m  Um 
of  others,  and  my  success,  cannot  excite  surpriet-,  wlitMt  IIk>  iliffi-raearffc 
habitudes  of  wood  Rpiril  and  alcohol,  wilh  nitric  ucid  and  alaibL^,  anakaa 
into  view,  and  the  dillercnoe  between  my  process  nod  thum  follo««diiB^ 
rope,  by  which  more  or  less  nitric  noid  i?;  brought  into  couiJicl  trithda^ 
rit  employed.  When  alcohol  is  preseuied  lo  nitric  acid,  a  trcimerf^ 
composition  ensues.  The  acid  lose*  two  atoms  of  oxvgt^o,  which,  bv  ukil 
two  atoms  of  hydrogen  from  a  portion  of  the  alcihoi,  trai)s(i>raM  il  iaiait 
dehyde,  while  ihe  hyponilrous  acid  resuliioK  incviUibly  from  iba  partU^ 
oxidiEemeal  of  ihe  nitric  ucid,  unites  with  the  b.ise  of  llx-  r«inaiiiin||  pul^ 
the  alcohol.  But  when  iiyrox^hc  sptrii  is  presenleil  to  nitric  acid,  ihtaMii 
without  decomposition,  combines  with  nx'lhyl,  the  baaa  of  Uu*  bv^MK 
hence,  as  no  hyponitrous  acid  is  evolved,  no  hypooitnia  cut  ha  piaAM^ 


OF  MBTHTL  BTHBR8.  555 

^iTbiH  in  the  case  of  the  one  there  can  be  no  ethereal  byponitrite,  in  that  of 

'Ike  other  no  ethereal  nitrate. 

z:-'    MT7.  OxalaUd  oxide  of  methyl,  C  H*0,  CO',  is  a  white,  transpa- 

irimt,  and  brilliant  mass,  composed  of  rhomboidal  tables,  which  fuses  at 

\8,  and  boils  about  321^8.     It  is  decomposed  by  water,  and  resolved 

hydfated  oxalic  acid  and  wood  spirit. 

I     5078.  Formiated  oxide  of  methyl  is  obtained  by  a  process  analogous  to 

Chat  for  the  formiated  oxide  of  ethyl  (5617),  substituting  pyroxylic  spirit  for 

alcohol.    It  is  lighter  than  water,  and  boils  between  96  and  100^;  its  odour 
^  Miggesting  that  of  acetic  ether. 

"  Reaeiion  of  Chlorine,  Iodine,  Cyanogen,  and  Sulphur^  with  Methyl  and 

its  Compounds* 

M79.  Chloride  of  Methyl,  C*  H',  CI — ^This  compound  is  produced  by  the 
fMctkm  of  chlorohydric  acid  with  hydrated  oxide  of  methyl :  the  rationale 
,  being  the  same  as  when  this  acid  is  presented  to  a  hydrated  metallic  protox- 
ide.    But  it  is  best  obtained,  as  are  all  the  halogen  compounds  of  methyl, 
.'  by  distilling  the  haloid  salt,  containing  the  halogen  body  with  which  the 
..  union  is  to  be  made,  with  a  mixture  of  sulphuric  acid  and  hydrated  oxide 
I.  <^  methyl:  of  course,  in  the  case  in  point,  chloride  of  sodium  may  be  used. 
b1  CUoride  of  methyl  is  a  colourless  gas,  of  an  ethereal  odour  and  aweet  taate, 
hAvingthe  density  1737.8  by  experinnent,  and  1729  by  calculation;  the 
iT  combining  measure  being  four  volumes.     Water  dissolves  2.8  volumes  of 
:  thb  gas  at  60^.8.     It  is  not  liquefied  by  a  cold  of —0.4.    It  should  be  re- 
'  nembered  that  the  chloride  and  oxide  of  methyl,  are  both  much«more  vda* 
^   tile  than  the  chloride  and  oxide  of  ethyl  (873). 

M80.  Iodide  of  Methyl,  C«  HM.— This  is  a  colourless  liquid,  which 
inflames  with  difficulty,  and  boils  between  104^  and  122**.     Its  density  is 
.  2.837  at  69.8. 

5681.  Fluoride  of  Methyl,  C«  H*  F,  is  obtained  by  distilling  sulphated 
of  methyl  with  fluoride  of  potassium.     It  is  a  colourless  gas,  of  which 

the  density  is  1186 ;  and,  for  the  solution  of  which,  fifleen  volumes  of  water 
are  requisite. 

5682.  Cyanide  of  Methyl,  C  H'  Cy ,  is  an  ethereal  liquid,  insoluble  in 
water. 

5683.  Sulphide  of  Methyl,  C«  H'  S,  is  a  very  limpid  liquid,  of  which 
the  odour  is  extremely  disagreeable.  Its  density  is  0.845  at  69^.8,  and  its 
boiling  point  105^.8.  The  density  of  its  vapour  is  by  experiment  2115,  by 
theory  2158;  its  combining  measure  being  two  volumes.  Sulphide  of 
methyl  is  formed  by  double  decomposition,  when  chloride  of  methyl  is 
tiansmitted  thnnjgh  an  alcoholic  solution  of  protosulphide  of  potassium. 

5d84.  Sulphydrate  of  the  Sulphide  of  Methyl,  or  Methylic  Mercaptan^ 
is  a  colourless  liquid,  lighter  than  water,  which  boils  at  69^.8  and  acts  on 
asides  of  mercury  and  load  like  sulphydmte  of  sulphide  of  ethyl. 

6685.  (impounds  having  methyl  for  their  radical,  correspond  so  closely 
with  those  in  which  ethyl  sustains  the  same  character,  that  knowing  the 
bislory  of  one  class,  it  is  easy  to  imagine  the  properties  of  the  other.  An- 
hydrous metallic  salts  do  not  alter  them,  while  the  hydrated  alkalies  disen- 
gage hydrated  oxide  of  methyl  from  them  with  great  facility. 

5686.  Chlorine  decomposes  the  gaseous  oxide  of  methyl,  forming  chlo- 
rohydric acid,  and  the  following  products,  as  observed  by  M.  Regnault : — 

MoQOchlorinated  oxide  of  methyl,       -        -        C*  H'  CI  O 
71 
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Bichlorinated  oxide  of  methyl,  •         .         C*  H  CI*  0 

Perchlorinnted  oxide  of  methyl,  -         -         C'  CI'  O 

G687.  Cblorioe  is  absorbed  wilh  great  avidity  by  hydraicJ  ocideofa 
thyl,  B  beevy  oil  b>eing  generated,  which  has  not  been  well  exaimiK^ 

5688.  The  reaction  of  chlorine  with  chloride  of  methyl,  is  thevMOt 
K  series  of  compounds,  in  which,  generally,  the  propottian  oC  ctbnoe  1 
creases  as  the  reaction  is  prolonged. 

Chloride  of  methyl, C'lPCl 

Monochlorinaled  chloride  of  melhyl,       •         •  t>H*0 

Bichlorinated  do.  (chlorofonn),      OII(T 

Perchlorinated  do.  -         •  CCtCP 

5689.  The  monochlorinaled  chloride  of  methyl  has  nn  ndoor  «tU« 
very  sharp,  but  is,  in  other  respects,  eimilar  to  the  oil  nfolvfiiini  gtu  Dl» 
tilled  with  an  alcoholic  solution  of  potash,  a  Iriding  precipiiBleofcUiin^rf 
potassium  is  formed,  and  it  comes  over  unchanged. 

5696.  The  perckloride  of  carbon,  C  CI*,  which  is  naitwd,  iboNi  f» 
chlorinated  ohlorido  of  methyl,  is  oot  altered  by  a  solution  of  aulfkfdMi 
orpolamiiim.  It  is  decomposed  by  heal,  yielding  ditlUivDl  chlariitsof^ 
bon  according  to  the  temperature. 

6691.  At  a  low  red  heat,  this  chloride,  C>  CI*,  appcant  to  be  ctfn*' 
iolo  another  chloride  of  carbon,  C  CI',  supposing  the  rombtninig  i^Vi 
of  the  latter  to  be  four  volumes,  its  density  being  40S2.  'iliis  oewdMi 
of  carbon  muat  therefore  be  isomeric  wilh  Faraday's  !K«qiMcliloridi^  OW, 
but  of  only  half  the  density.  When  decomposed  at  a  higher  ttoftitm, 
it  gives  small  silky  crystals,  consliluling  the  chloride  of  carboti  </  Mk^ 
CK  Lastly,  at  a  bright  red  heat,  the  liquid  cfabride  of  carboo,  OO*,! 
the  product. 

5692.  Chlorine  acts  readily  upon  the  sulphide  of  methyl,  sad  aalti 
oompounds  of  the  oxide  of  methyl  with  acids,  const itu ling  tbe  ci^mi 
meihylic  ethers.  A  benxoato  and  acetate  of  an  oxychloride  offormf  l^" 
been  produced,  having  the  following  formula;; — 

C  H  CI'  0  +  Bz  0.  C  H  CI'  0  +  Ac  O. 

From  B  mixture  of  iodine,  nitric  acid,  and  wood  spirit,  leA  lo  jndf  frn  • 
long  time,  yellow  crystals  are  deposited.  Bromine,  under  the  sune  dtum 
stances,  yields  a  heavy  oily  liquid. 

Of  Formyl  Elhert. 

5693.  Hydraled  oxide  of  methyl,  when  brought  jnio  oooiacl  «ilk^^ 
Dum  black  and  almospheric  air,  is  converted  inio  pure  forcnic  iicid,lf  1^ 
BUbstilulion  of  two  atoms  of  oxygen  for  two  of  hydrogen.  The  cbMpat 
fecied  is,  therefore,  perfectly  similar  lo  thnt  by  which  alenhoj  ia,  W  ^ 
same  agent  converted  into  acetic  acid.  Oxide  of  meihyl,  formula  &  BO 
+  HO  and  40,  is  equivalent  to  formic  acid,  C*  HO*  +  3IIO.  thorn  *■ 
inference,  that  formic  actd  contains  a  radical  formyl,  C*H,  to  whidi  fe  ks 
the  same  relation  as  acetic  acid  has  to  ocelyl:  acetic  «cid,C*H»+ff; 
formic  acid,  C'H  +  O'  (401!t). 

S6S4.  Formyl  is  the  hypothetical  radical  of  tbe  following  nxapomAt-- 

Hgdrattd  oride  cf  formyl  emiained  in  mahglal,  C*  HO  -f  00 

Anhydrous  formic  acid, OHO* 


^    % 
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HfdroiedfarmU  acid,         .        •        •  ^  C>HO*  +  HO 

Perehlwide  rf/brmyl  (ehlorrform),       -        -        -  C»  H  Cl» 

Perhromide  tfformifl, C«  H  Br* 

afformyl, C*  H  I" 


tffMUikylaly  C*  H*  0«,  a  Compound  rf  HydraUd  Oxide  of  Formyl,  wiik 

Oxide  of  Methyl. 

6695.  By  distilling  two  parts  of  wood  spirit  with  two  parts  of  peroiide  of 
mnganese,  and  three  parts  of  sulphuric  acid,  diluted  with  three  parts  of 
vateri  Dr.  Kane  obtained  a  substance  mixed  with  several  other  bodies, 
vhich  be  naoned  fbrmomethylal.  It  was  considered  a  tribasic  fbrroiated 
lixide  of  methyl,  but  was  afterwards  shown  by  Malaguti  to  be  a  mixture  of 
brroiated  oxide  of  methyl  and  a  particular  substanoe  which  he  named  me- 
kylaL  To  purify  the  methylal  from  the  formiated  oxide  of  methyl,  the 
fetter  roust  be  decomposed  entirely  by  hydrate  of  potash. 

6696.  Methylal  is  an  ethereal,  colourless  liquid,  of  a  very  agreeable  aro- 
wOic  odour;  which  is  miscible  with  three  parts  of  water,  and  may  be  sepa- 
rmled  from  chat  liquid  by  chloride  of  calcium,  or  hydrate  of  potaih.  It  it 
rery  inflammable,  and  burns  with  a  white  flame.  The  density  of  methylal 
8  0.865I ;  its  boiling  point  107^.6 ;  its  combining  measure  contains  four  vo- 
luaes.  Methylal  may  be  represented  as  a  compound  of  one  atom  of  hy- 
litted  oxide  of  formyl  with  two  atoms  of  oxide  of  methyl  ^  C*  HO,  HO 
4-  dC*  H'  O.  Rcgnault  has  explained  its  formation,  by  supposins  that 
ikree  atoms  of  oxide  of  methyl,  formed  by  the  action  of  sulphuric  acid  upon 
bydrated  oxide  of  methyl,  group  together  so  as  to  form  a  single  molecule 
■1  C*  H'  O*.  This  molecule,  by  exposure  to  peroxide  of  manganese,  loses 
xie  atom  of  hydrogen,  gaining  one  of  oxygen,  so  that  the  compound  C* 
H*  O*  results.  The  formation  of  aoetal,  which  corresponds  with  methylal 
n  the  acetyl  series,  is  explained  by  Regnault  in  the  same  manner. 

6697.  Artificial  Oil  of  Ants,  C»  H«  0»  (Stenhouse).— This  name  was 
ipplied,  by  Doberciner,  to  an  oil  generated  during  the  preparation  of  formic 
icid.  It  was  obtained  by  Dr.  Stenhouse  in  larger  quantity  than  it  is  pro- 
liioed  during  the  ordinary  process,  by  distilling  a  mixture  of  equal  weights 
9f  oat-meal,  or  saw-dust,  and  sulphuric  acid  diluted  with  its  own  bulk  of 
rater.  In  the  process  for  formic  acid,  the  peroxide  of  manganese  cannot 
18  omitted  without  greatly  reducing  the  product ;  but  in  the  process  in  ques- 
lon  it  should  be  lefl  out.  When  oil  of  ants  is  purified,  the  taste  and  smell 
ire  very  pungent  and  aromatic,  resembling  that  of  oil  of  cassia.  It  bums 
rery  readily  with  a  bright  yellow  flame.  Its  density  is  1.1006  at  60^.6; 
ts  boiling  point  834^.4.  It  is  soluble  in  water,  but  more  so  in  alcohol  and 
Aher.  It  is  decomposed  by  potassium  with  effervescence;  bat  neither  the 
iqiieoas  nor  the  alcoholic  solution  of  potash  is  aflected  by  it. 

(Umpounds  of  Formyl  with  Chlorine,  Bromine^  Iodine,  and  Sulphur. 

6696.  Protochloride  of  Formyl,  C*  H  CI. — One  of  the  substances  which 
legnault  obtained  by  the  reaction  of  chlorine  with  chloride  of  acetyl,  name- 
y,  O  H*  CI*,  is  considered  by  Liebig  as  the  protochloride  of  formyl,  its 
ilomtc  weight  being  divided  by  two. 

6699.  Bichloride  of  Formyl,  C*  H  CI*. — According  to  Liebig,  of  one  of 
be  combinations,  generated  by  the  reaction  <  if  chlorine  with  the  chloride  of 
ithyl,  the  formula  is  C*  H*  CK  This  being  divided  by  two,  gives  that  of 
he  bichloride,  as  above  stated. 


558  OJUiAHlC  CHBHISTRT. 

5700.  Perektoride  of  Formyl,  Chloroform,  C*  H  CI*. — Tin  omfm 
may  be  made,  by  exposing  a  mixture  of  chloride  of  meihyt,  C  H'Q,ii 
chlorine  to  ihc  direcl  rn>»i  of  the  &uii;  by  diaiilting  clitonil  vub  bv>i 
water,  or  milk  of  lime,  but  more  conveniently  by  diatilling  a  ditulrat^ 
of  hypochlorite  of  lime,  or  blenching  salt,  uilh  acetoDe,  bIojIxJ,  or  •■ 
spirit.  For  this  purpose,  one  pari  of  slaked  hme  U  mspctuled  ■  (■«■■ 
four  parts  of  water,  and  impregnated  with  chlorine  till  tbi^  gn:*>f  p*A 
the  hme  is  dissolved.  The  lime  must  be  in  sufBcicm  cxccaa,  kovmr,  ■ 
render  the  liquid  ahghtly  alkaline.  When  the  solution  of  hvpocblv 
made  has  become  clear,  ^  of  its  volume  of  alcohol  shouU  tt 
The  aggregate,  having  bcoa  allowed  to  rest  for  Iwentv-fbur  haufs,b»te 
Bubjcclcd  to  the  disiillntory  process,  at  n  gentle  heat,  by  mmvmtittt 
cious  retort.  The  product,  consisting  of  perchloride  of  ionnyl,  niiBl 
alcohol,  belDg  ngitoied  with  water,  (be  perchloride  eeparstes  ut  Jew 
quid,  Qtid  may  be  obtained  perfectly  pure  by  digesting  it  upon  chleni 
calcium,  and  rectification  with  concentrated  sulphuric  acid. 

8701.  Perchloride  of  formyl  is  a  colourless,  oily  liquid,  of  ■ 
ethereal  odour,  and  sweetish  taste;  its  density  is  1.490  ai  Ol^.i 
point,  141°.44.  It  is  difficult  to  inflame,  but  bums  in  the  flaine  nf  > 
imparling  a  green  colour.  An  alcoholic  Klution  of  potash  cocitvflst  'm 
formiaie  of  potash,  and  chloride  of  potnsiiium,  on  which  \hn  iim  i  iliw 
form  is  founded,  Fo  CI*  and  4  Po  0  =  Po  Fo  O*  and  3  Po  C\.  TV*i- 
sity  of  its  vapour  is,  by  <-xperime[it,  4200;  by  cnlculatinn,  4II6;liia»- 
bining  measure  is  4  volumes.  Chlorororm  may  be  di^tillftl  rmn  'ii^^ 
acid,  potassium,  or  potash,  without  being  sensibly  nlieml.  Eip«arf<M 
chlorine  lo  the  direct  rays  of  the  sun,  il  is  decompoaod,  and  coartrwi  <M 
chlorohydric  acid,  and  a  particular  chloride  of  carbon.  C*  CI',  m\ock  hfc 
at  I72°.4,  and  of  which  the  density  of  (he  vapour  is  &30O,  ni^  co^iMI 
i  four  volumes.     This  chloride  results  from  the  subaiinitioa  oTiU^ 


rine  for  the  whole  of  the  hydrogen  and  oxygen  in  fomuo  actd,  ITtl  tH 
while  the  well  known  !«squichloride  of  carbon,  C*  CI*  -|-  Cl*,  n  dMfe^ 
derived  from  acetic  acid. 

B70-2.  When  the  above  described  chloride  of  carbon  is  nNdbM 
in  vapour  through  a  porcelain  lube,  at  a  low  red  heat,  it  is  imtM 
two  new  chlorides  of  carbon,  of  one  of  which  the  composition  ia  C(X«tk 
of  (he  other  the  composition 'is  C  CI',  according  to  Regnautt. 

5703.  ChlorohYdrate  of  the  chloride  of  formyl,  2  C  H  C!  HCt,h 
of  the  products  of  the  reaction  of  chlorine,  uilh  the  chlorohydrate  aCti 
chloride  of  acetyl. 

5704.  Perbromide  of  formyl,  brovioform,  C  H,  is  prepared  liko  tlBf*^ 
chloride,  and  very  anaiogoi;s  to  il  in  properties.  Its  density  ia  S-IIL  •• 
leas  volatile  than  the  perchloride,  and  more  easilv  decomposed  bv  «Wto> 

6705.  Periodide  of  formyl,  idoform,  C>  H  !■,  is  a  yellow,  v^ladba^ 
Btance  discovered  by  Serullas,  which  is  oflcn  described' ni  an  iodi^dm- 
bon.  To  obtain  it,  an  alcoholic  solution  of  potash  is  added  lo  a  telirintf 
iodine  in  alcohol  till  the  last  is  decolorized,  can^fully  avoiding  anyacMif 
the  alkali.  The  alcohol  being  allowed  to  escape  by  geiitin  cvapanunktt* 
iodide  of  formyl  is  depoailed  in  crystals,  which  are  purified  from  infiJi<f 
potassium  by  washing  with  pure  water.  This  compound  rraull*  frtm  * 
reaction  of  one  a(om  of  alcohol,  with  six  atoms  of  potash  nod  ei^hl  atc^' 
iodine,  by  which  one  atom  of  periodide  of  formyl,  one  atom  of  lonmMtl 
potash,  five  atoms  of  iodide  of  potassium,  and  lour  atom*  of  wairr,  •* 
formed.  J 
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1  atom  of  alcohol,  -'     -        -        -        "      ^  >  H*0  { 

8  atoms  of  iodine,        ....  !■ 

6  atoms  of  potash,        ....  O*        Po* 

C*  H«  0    I»  Po« 

1  atom  of  periodide  of  formyl,      -         -         -  C*  H         I* 

1  atom  of  formiate  of  potash,        -         -        •  C*  H  O*     Po 

5  atoms  of  iodide  of  potassium,     ...  P  Po* 

4  atoms  of  water, H*  O* 


C*  H«  0»  I«  Po« 


6706.  Iodoform  crystallizes  in  brilliant  yellow  plates:  has  a  character- 
ic  odour  suggesting  that  of  saffron ;  is  insoluble  in  water,  but  very  soluble 
«lcohol,  ether,  and  wood  spirit.  It  sublimes  at  212^,  and  at  248^,  is 
solved  into  carbon,  iodine,  and  hydriodic  acid.  When  distilled  with 
tloride  of  phosphorus,  or  with  corrosive  sublimate,  it  yields  a  peculiar 
juid,  of  a  deep  red  colour,  and  a  density  of  1.96,  which  contains  chloriDO, 
Jioe,  and  formyl. 

6707.  Sulphide  of  formyl,  C  H'  S'  (Bouchardat),  is  a  liquid  obtained 
'  distiUing  one  part  of  iodide  of  formyl,  with  three  parts  of  sulphide  of 
ercury.  By  reaction  with  hydrate  of  potash  it  may  be  converted  into  sul- 
lide  of  potassium  and  formiate  of  potash. 

Of  Xylite,  or  lAgnone. 

6708.  Having  received  from  Dr.  Ure  a  bottle  of  a  liquid,  which  I  under- 
x>d  to  be  pure  wood  spirit,  I  subjected  it  to  the  usual  test  of  saturating  it 
ih  chJoride  of  calcium,  with  which  wood  spirit  reacts  eagerly,  generating 
at  as  already  mentioned.  I  found,  however,  that  a  colourless  liquid 
patmted,  and  formed  a  supernatant  stratum,  in  which  the  chloride  above 
imed  did  not  appear  to  be  soluble. 

6700.  When  this  liquid,  and  the  solution  of  the  chloride  in  wood  spirit, 
ere  subjected  to  the  distillatory  process,  by  means  of  a  boiling  water  bath, 
ily  the  former  come  over,  the  wood  spirit  being  retained  by  the  chloride. 

6710.  It  seems  from  the  account  given  by  Graham,  836,  that  the  liquid 
bich  was  distilled,  has  been  examined  by  Wiedman  and  Schweiger,  and 
scribed  under  the  names  at  the  head  of  this  section.  The  formula  as- 
ped  to  it  is  C  H'  O'j  ;  which,  as  the  admission  of  half  atoms  is  incon- 
itent  with  the  grounds  on  which  the  atomic  theory  is  built,  should  be 
Nibled. 

6711.  The  boiling  point  of  xylit  is  about  142*»,  its  density  0.816.  The 
ntity  of  its  vapour  to  that  of  atmospheric  air  as  2177,  by  experiment, 
id  2159  by  calculation.  Pure  xylit  has  an  agreeable,  sharp,  empyreu- 
atic  taste.     It  is  soluble  in  water,  and  burns  with  a  white  flame. 

6712.  Mesiten,  C"  H^  O',  agreeably  to  the  same  authority,  is  a  liquid 
ilmiood  by  distilling  equal  parts  of  xylit  and  sulphuric  acid.  Chloride  of 
Jeium  is  utterly  insoluble  in  mesiten,  of  which  the  boiling  point  is  145^, 
id  the  density  0.808. 

6713.  Mente  is  the  name  given  to  a  liquid  which  is  a  concrete  product 
*  the  destructive  distillation  of  wood,  which  gives  birth  to  wood  spirit  and 
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lo  xyliL  Being  ten  volatile  than  the  last  menttonrd  product,  ii  ccoM  ■ 
later,  and  hi.'nca  il  mny  be  isolated.  It  ia  rorniod  tiiao  by  the  nacM 
xylite  with  polnsh  nni!  poUissiura. 

6714.  Xglitt  Naphtha,  C'H'O'j,  rc§u Its  from  the  rvaciifta ethjli 
of  [tolash  with  mcaitc.  It  is  in  its  properties  ethenal  ;  beiog  oabiril 
very  liquid,  and  having  the  odour  of  peppermint.  It  ta  ImiI  hIj^j  mk 
in  wnteri  but  very  soluble  in  alcohol,  in  wood  apirjl,  xylit  ur  &ha.  k  it 
at  330°,  and  buros  with  while  smoky  flame. 

S71$.  XifUltoil  ia  produced  from  xylil  Dophtha,  by  a  itHKwim 
tion  with  hydrate  nf  potash.    This  oil  has  ethereal  properties. 

6716.  Mclkal,  C  H*.  is  a  liquid  generated  by  ih*>  maclioa  I 
phuric  acid  and  xylit.     Pyroxanthin,  by  ihe  distillation  of  cnxfewoc 
from  aluked  lime.     These  substances  are  more  oftbe  nature  of  uc 
oil,  or  camphor,  than  of  that  of  on  ether. 

Of  Ihe  Ethereal  Compounds  of  Mentyt,  or  MeMilyUat. 

8717.  The  origin  and  chtirac (eristic  properties  of  modjl  «eii 
in  (he  general  aeconnl  of  it,  as  one  of  ihe  com[iouni}  radicals  amoH  vlil 
il  stands  dialinguished  aii  being  one  of  the  few  which  bt«  rajiableai^ 
tion.     Aa  respects  its  properties,  it  may  bo  considered  n%  nn  nbrr,  fs* 

STIS.  Oftkt  Chloride  of  Metityl,  C<  U'CI.— I  give  iirnrT-dRMafeM 
compound  over  the  oxido,  eonirary  lo  Ihe  course  pursued  intbc<  * 
as  il  is  only  by  mcnna  of  tbo  former  that  the  latter  hojt  bc«n 
To  procure  the  chloride  in  question,  two  parts  of  perchloridc  of  pho^H 
are  mixed  gradually  wilfi  one  of  acetone  in  a  refrigeratrd  vesacL&tl 
addition  of  waior  to  iho  resulting  moss,  on  oily  litiuid  srparntea,  w 
Gufficieiilly  heavy  to  sink  in  water,  and  which  beat  resolves  intocki 
dric  acid  and  mcsiiyl.  This  oily  liquid  is  the  chloride  of  the  lax  nm 
radical. 

6719.  The  Oxide  of  Meailyl,  C  H'  O,  is  obtained  by  fbe  iM 
the  alcoholic  solution  of  the  chloride,  above  described,  with  mtuCtfi 
in  e.xcesa  ;  foUowed  by  Ihe  addition  of  a  large  quantitv  nf  wabs.  •*  "*7 
liquid  separates,  which,  being  desiccated  by  cuntnet  wiih  chloric  of'*'' 
cium,  is  afterwards  distilled.  Thus  purified,  it  i.s  a  colourlem  tiauid,hn( 
ihe  odour  of  peppermint.  It  boils  at  248°,  is  indammablr,  aiM  bnaivA 
a  brilliant  dame,  attended  wilh  much  smoke. 

5720.  An  impure  Iodide  of  Medtyl  has  been  obtained  by«a(|lAi9 
a  mixture  ofscetone,  phosphorus,  and  iodine,  to  the  disliKatorr  praoMi 

6721.  Ckioridt  of  Pieleyh.—\\iiea  mcsiiyl  is  imprr^rtatedtrilb^ 
fine,  a  sort  of  sub-radical  is  generoicd,  C*  H',  having  a  rclaiion  to  vmf^ 
C*  H',  analogous  to  that  which  acetyl  (30fl3),  C»  H',  has  lo  etbyl,  pfr- 
With  the  sub-radical  thus  generated,  which  was  named  by  its  ibuMK't 
Kane,  pielevle,  the  chlorine  combines,  forming  a  chloride, 

87-.fa.   Of  the  Nitrated  Oxide  of  Plrlei/lf.  ('  H"  n.— W  h.-n  im^na 

tion  ensues.  After  the  rtz-uiiiyig  <igf-f;.<i-  rr..^  im.,,i„,-  ojoi,  ine  aa<Mn« 
waler  causes  the  separation  of  a  misiure  resembling  a  vellow  oil.  wUefe 
consists  of  iwo  liquids.  The  more  fluid  of  these  has  received  iSe 
nitrite  ofihe  oxide  of  peteleylc.  It  is  heavier  than  water,  and  is  i 
thereby.  Paper  imbued  wiih  il  burns  like  prepared  tinder.  It  . 
of  bearing  the  heal  of  212°  without  decomposition,  bul  at  a  higher  tBOff- 
rature  it  explodes  violently;  hence  it  cannot  be  distilled. 

A723.  Meiitie  Aldehyde,  C*  HK)  +  HO,  or  the  Hydrated  Oxidi  < 
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«— Of  the  oily  mixture,  above  described  as  resulting  from  the  reac* 

of  fuming  nitric  acid  with  acetone,  mesitic  aldehyde  forms  the  more 

id  portion.    It  may  also  be  produced  by  subjecting  a  mixture  of  mesityl 

Bd  nitric  acid  to  ebullition  as  long  as  any  reaction  tnkcs  place.     From  the 

krmula  of  this,  above  given,  it  is  seen  that  it  resembles  aldehyde  in  being 

bydmted  oxide  of  a  sub-radical,  obtained  from  another  radical  by  dohy* 

ppgcoation. 

5724.  Mesitic  aldehyde  is  a  heavy,  viscid,  reddish-yellow  liquid,  with  a 
pecstish  taste  and  penetrating  odour. 

Of  Amyl  Ethers. 

S725.  It  must  appear  from  the  account  given  of  the  hy- 
othetical  compound  radical,  amyl  (4023),  that,  in  certain 
ompounds  it  has  been  inferred  to  play  a  part  analogous 
o  that  which  ethyl,  methyl,  and  otner  bodies  of  like  kind 
Any  in  certain  other  compounds ;  and  that,  especially,  it 
las  been  inferred  that  the  oxide  of  this  radical  exists  in 
he  oil  of  potato  spirit,  in  union  with  water-  This  oil  be<- 
D^9  therefore,  a  hydrated  oxide  of  amyl,  plays  in  the  com- 
K>und8  of  amyl,  a  part  like  that  which  alcohol  performs  in 
)thyl  series,  or  wood  spirit  in  the  methyl  series.  Yet  as 
lie  oi^ide  of  amyl  has  not  been  isolated,  we  have  no  amy- 
ic  congener  of  ether,  of  which  the  preparation  and  pro- 
perties, in  an  isolated  state,  are  to  be  described.  Hence, 
the  first  object  to  be  presented  to  the  attention  of  the  stu- 
dent is  the  hydrated  oxide. 

€}f  the  Hydrated  Oxide  of  Amyl,  or  Oil  of  Potato  Spirit^  or 

Amylic  Alcohol,  O^  H"0  +  HO. 

5726.  The  congener  of  alcohol,  to  which  the  preceding 
Dame  has  been  given,  is  generated  during  the  vinous  fer- 
mentation of  an  infusion  of  potatoes ;  and  comes  over  to- 
wards the  close  of  the  distillation,  by  which  potato  spirit 
is  separated  from  the  rest  of  the  products  or  residue  of 
that  process,  rendering  the  water,  which  simultaneously 
condenses,  milky.  Being  insoluble  in  this  liquid,  it  sutv 
Bidee  after  some  time,  together  with  a  portion  of  moisture 
and  alcohol.  From  the  latter  of  these  impurities,  it  is  se- 
parated by  agitation  with  water,  and  from  water  by  chlo- 
ride of  calcium  and  redistillation.  To  bring  over  the  pure 
bydrated  oxide  of  amyl,  a  temperature  of  270"^  is  required. 

5727.  Potato  spirit  is  a  colourless  liquid,  oily  in  appear- 
ance, with  a  strong  smell,  which  at  first  is  pleasant,  but 
becomes  afterwards  extremely  nauseous.    The  inhalation 
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of  the  vapour  causes  asthmatic  pains,  cough,  andevMw 
miting.  Its  taste  is  very  acrid.  It  bums  wjlh  a  W 
white  flame;  boilsat270°;  has  a  specific  gravity  of  0.f/!( 
at  60'.  The  density  of  the  vapour  is  ^  3. 1 47,  repft** 
ing  four  volumes.  At  4°  it  solidifies,  forming  crjwita 
plates.  It  producea  a  slain  on  paper,  which  iia^ 
after  a  short  time;  dissolves  sparingly  in  water,  wlwi 
it  communicates  its  odour;  and  is  miscible  in  nil  f^' 
tions  with  alcohol,  ether,  fixed  and  volatile  oils,  ami  ftni| 
acetic  acid;  dissolves  sulphur,  phosphorus  and  iodiift*ifc 
out  being  altered  by  them;  and  may  also  be  miiwi'iat  r 
solution  of  caustic  potash,  or  soda,  without  chacige;*  ^ 
when  heated  with  dry  potash,  hydrogen  is  discn^gfi.^ 
valerianate  of  potash  is  formed  (Dumas,  Stas).  lllta* 
a  large  quantity  of  chlorohydric  acid  gas,  wilh  eioWi 
of  heat.  When  mixed  with  sulphuric  acid,  a  TioIeiaW 
appears,  and  the  bisulphate  of  oxide  of  amyl  Is  pK^K^ 
When  distilled  with  dry  phosphoric  acid,  a  carMbjiip 
is  obtained,  to  which  Cahours  has  given  the  namerfjif 
lene.  Amylic  alcohol  combines  with  the  biclilorii!e«* 
forming  a  crystalline  compound,  which  in  the  '■'•  '* 
more  rapidly  when  in  contact  with  water,  is  sloirff  * 
solved  into  its  component  parts,  bichloride  of  licaK^^ 
drated  oxide  of  amyl.     See  valerianic  acid  (5283). 

5728.  AeetateofOndeof  Amyl,  Amyh  Acetic  Etlier,<^f^j 

H' 0'=:  Ayl  O,  AcO'.— II  is  easily  obtained  bv  dislilling  ««^  j 
luo  pans  of  ncelnie  of  polash,  one  of  hvdralcd  oiido  of  aritl.i*** 
oil  of  vitriol.  The  product,  afler  being  dried  by  means  of  ciilof*""j 
ciutn,  and  rectified  along  with  oxide  of  lead,  yields  ihe  aceiait'''  ■ 
puriiy.  Jt  is  a  colourless  liquid,  having  an  ethereal,  aromwi'*'''' 
insoluble  in  water.     It  boils  at  248°. 

Of  the  Bromide  and  Iodide  of  Amyl. 

5729.  By  distilling  eight  parts  of  bromine  wilh  fillwn  l«f"^?S 
alcohol,  ond  one  pari  of  phosphorus,  a  bromide  of  amyl,  hBrJiE*^ 
properties,  has  been  obtnined;  and  likewise  an  iodide,  by  the  saWr", 
Mibstiluting  iodJDe  for  bromine.  The  iodide  is  described  as  u*^ 
liquid. 

5730.  Of  Giyceryi  and  Ceiyl,  there  are  no  etheresl  c* 
pounds.  Accordingly,  I  here  terminate  the  chapta  • 
ethers. 

'  A  CDngencr  of  inlphoTinic  acid  (5297). 
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&731.  Respecting  the  substances  which  come  under  the 
ecedine  definition,  I  had  prepared  selections  from  the 
rmer  edition  of  my  Compendium,  and  from  all  the  other 
ore  recent  sources  of  information  within  my  reach,  when 
e  concluding  part  of  the  work  on  Organic  Chemistry,  by 
»bi^  and  Gregory,  fell  into  my  hands.  Finding  it  to  be 
ilficieotly  condensed,  I  have  concluded  to  substitute  a 
>rtiQn  of  that  work  for  the  matter  which  I  had  prepared. 
[y  only  motive  for  publishing  a  text  book,  has  been  my 
a^bility  to  find  any  work  comprising  descriptions  of  my 
jyparatus  and  peculiar  expenmentel  illustrations,  and 
ELving  the  requisite  arrangement  and  condensation.  But 
3  the  portion  of  the  work  by  Liebig  and  Gregory,  to 
bich  I  nave  alluded,  is  deficient  neither  in  arrangement 
3r  io  brevity,  I  deem  it  judicious  to  embody  it  m  this 
Compendium. 

5732.  As  certain  facts  and  hypotheses  adduced  or  sanc- 
ooed  by  the  philosopher  of  Giessen  and  his  disciples,  con- 
Litute  the  organic  chemistry  now  in  vogue,  and  have  an 
nportant  bearing  on  physiology,  it  seems  expedient,  so 
i.r  as  practicable,  to  allow  them  to  be  studied  m  that  au- 
[leDtic  form  which  they  have  been  made  to  assume  by 
rregory,  the  associate  editor  of  Liebig.  Unfortunately, 
he  organic  chemistry  of  Liebig,  as  translated  by  Gregory, 
i  in  ^neral  too  voluminous  and  abstruse,  to  serve  as  a 
liemical  text  book  for  a  medical  class. 

5733.  I  shall  change  some  names  in  orde^  to  produce 
in  accordance  with  the  nomenclature  adopted  in  this 
work,  and  to  correct  an  inconsistency  in  using  the  noun 
*iiiro^«n,''  and  yet  employing  the  adjective  ^^  azatized.^ 
Eividently  either  azot  and  azotized^  or  nitrogen  and  nitro- 
^enized^  are  required  by  consistency.* 

*  TIm  TOftdar  will  not  be  misled  by  sonie  iliffht  difierencae  in  orthoffraphy.  at  in 
ftrin  nnd  ilbrine,  lefmnen  and  legomine. 
72 
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Indifferent  yilrogtnized  Subiianeeg  common  lo  lie  Vrgttabli  mimI  ImJI* 
Kingdoms— Proteine  and  iU  Modijttatiem*.  1  ' 

5734.  •'  l'n<ter  this  bead  we  have  to  consiiter  a  fcw  vfry  impcKB 
pounds,  which  arc  fonned  in  the  vegetable  kiogiibcn,  aoii  an  •!» 
conslitiiie  a  lar^  proporlion  of  the  animal  body.  ThftK  an  jIUmk  I^ 
brine,  and  Cateine,  Till  very  receaily,  it  waa  believed  ibat  *«yito4t 
btimen  and  tibrjoe  difiered  fratn  animal  albumen,  ttbrioe,  anrd  (WMK  M 
the  recent  researches  of  Mulder  have  shown  this  i^hiuod  to  beoiVBi^ 
and  Liebig  has  demonstraled  that  caseine  exists  in  vegetabla  wicbrfAi 
characters  of  that  found  in  milk  (5023). 

5735.  "^  The  mcst  important  step  recently  made  to  adraiioe  ■  te  i» 
portanl  investigaliou  is  doubtless  the  discovery,  made  by  Mulder,  dMl>  *~ 
men,  fibrine,  and  caseine,  arc  all  modificationa  of  one  compooBd,  la  i 
be  has  given  the  name  of  Proteinc  (from  x^vuvw,  1  take  the  fim  ptn^  V 
being  the  original  mailer  from  which  all  these  varieties  aiw  deri* 

5736.  "Proleiae  is  composed  of  caxbon,  hydrogen,  ailrogen, 
gen ;  and  Mulder  has  shown,  thai  tvo  analyses  o(  proteioe  do  ttt  ife 
more  than  analyses  of  fibrine,  albumen,  or  ca^nc  do,  ettber  (rtmrn  tMB^ 
ther,  or  from  lluil  of  proteine,  as  far  as  regards  these  etemcnrs.  ft  !■ 
fuither  shown,  that  all  of  these  bodies,  whetlier  ihey  cootaiM  ^Mb* 
ready  formed  or  not,  readily  yield  it  when  acted  on  by  ■it-aK— -  VUi 
pratdne,  however,  contains  ■»  inorganic  matter,  albiunen,  fibrioi^  ^^ 
aeine  each  contain  small  but  essential  quantiti^  of  mineral  ■□faataad^lrt 
as  sulphur,  phosphorus,  potash,  soda,  i»mmon  salt,  and  [ihiiihali  ifiM- 
Further,  it  has  been  establbhed  by  the  siill  more  rvoeat  irw mi  >■  i^t* 
school  of  Giessen,  that  animal  and  vegetable  alburoen,  BnioMl  mk  M0i^ 
ble  fibrine,  and  aniroal  and  vagetable  cascine,  ar«  respectirsij  '^atmi  i> 
every  particular.  We  may  therefore  assume  thai  there  is  but  oh  iN^Mk 
one  fibrine,  and  one  caseine;  aoH  it  is  convenient  to  consider  !)■■  tl ■• 
oompouuds  of  proteine  with  small  proportions  of  inorganic  nwitirr  .1^'* 

5737.  "Proltine. — When  animal  or  vegetable  albomeo.  fibnai.W**' 
seine,  are  dissolved  in  a  moderately  strong  solution  of  causxkc  pauA,  wA 
the  solution  heated  for  some  tin>e  to  13U°,  the  addition  of  acetic  aeit  ^^ 
a  gelatinous  precipitate,  which  has  the  .same  composition  aod  eea/H^ 
from  whichever  of  these  compounds  it  has  been  prepaid.  W^H  rf 
wasfied  and  dried,  (his  is  proteine. 

6738.  "It  forma  a  yellowish  brittle  mass,  inwiuble  in  water  atid^a^ 
Mulder  has  analyzed  proleiai?  from  animal  and  ve^^aUe  albmnarfiH 
fibrine  and  from  cheese,  or  caseine;  and  Scli(?[vr  has  ana I\-crJ  fvMIV 
from  animal  albumen  and  fibrine.  from  [he  crysialline  lens,  fmcn  ban,*' 
from  horn.  The  results  from  all  these  analvses  ajp'ee  b^.M  with  Hf^ 
mulaU"H"N'0"  (Liebig);  Mulder  first  gave  the  turmula  C- IP'S*!*"- 
The  symbol  of  proteine  is  Pr. 

5739.  "Prolcinc  combines  with  both  acids  ond  bases  ;  uilj,  imu;™  »- 
phuric  acid  it  forms  sulphoproleic  acid,  Pr  +  SO';  with  diluted  ciloroht- 
dric  acid,  nnolher  acid,  Pr  +  'JHCI.  When  chlorine  is  pas?«l  ihmi^  ' 
solution  containing;  proteine,  while  flocks  are  deposited,  which  Muldef  ab 
chloroproleic  acid,  Pr  +  CIO".     (Mulder.) 

■5740.  "When  proierne,  or  any  of  its  modifications,  is  diatsted  in  ntfne 
acid,  a  yellow  compound  is  formed,  along  with  oxalic  acid  and  ammo*- 
The  yellow  compound  is  called  xanthoproteic  add,  and  ita  lurmula  Ml'* 
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N*  0^\  3H0.    It  seeoia  to  combiiie  botK  with  ^cids  and  baie^    {t« 
I  with  bases  dissolve  with  a  red  colour*    (Mulder.) 
741.  *'  When  boiled  with  an  excess  of  caustic  potash,  proteine,  alburoeqi 
,  are  decomposed,  yielding,  besides  ammonia  and  carbonic  and  formic 

0,  three  azotized  products,  protide,  erythroprotide,  and  lenciue.  Ery- 
proride  is  a  reddish-brown  amorphous  mass;  and  its  formula,  in  the 
pound  it  forms  with  oxide  of  lead,  is  said  to  be  C^'  H'  NO^.  Protide 
3^1owish,  soluble,  uncrystallizable  substance,  and  its  formula  is  C^'  H* 

•  Leucine  crystallizes  in  shining  scales,  which  sublime  unaltered  at 
'.     Its  formula  is  C  H'"*  NO.     With  one  atom  of  hydrated  nitric 

it  yields  nitroleucic  acid,  which  forms  crystalli^aUe  salts*    Leucine 
alao  be  formed  by  the  action  of  sulphuric  acid  on  proteine  or  its  com" 
ids.     (Mulder.) 

r42.  **  According  to  Mulder,  proteine  combines  with  the  oxides  of  lead 
silver  in  the  proportion  often  atoms  to  one  of  the  base;  and  the  same 
jnt  of  proteine  is  contained  in  albumen  and  fibrines  the  former  being 

•  +  S»  +  Pi,  the  latter  lOPr  +  S*  +  PJ. 

r4d*  ** According  to  Liebig,  (Animal  Chemistry,  p,  106,)  proteine  is 
uoed  by  vegetables  alone,  and  cannot  be  formed  by  animals ;  although 
uiiinal  organism  possesses  the  power  of  converting  one  modification  of 
line  into  another,  fibrine  into  albumen,  or  vice  mtsci,  or  both  into  ca« 
!y  dec*  In  this  point  of  view  the  vegetable  forms  of  proteine,  vegetable 
neo,  fibrine,  and  caseine,  become  signally  impoztant,  as  the  only 
xm  of  proteine  for  animal  life,  and  consequently  of  nutrition  strictly  so 
d«  that  is,  the  growth  in  mass  of  the  animal  body. 
r44.  '^PfoCeine  is  never  found,  as  such,  in  nature;  but  occurs  in  the 
e  of  albumen,  fibrine,  or  caseine,  both  in  vegetables  and  aninmls,  and 
»cne  other  forms  in  the  animal  body. 

Modifications  of  Proteine, 

45.  ^^AUmmen. — This  important  substance  forms  the  white  of  eggs, 
occurs  in  large  quantity  in  the  blood.     It  is  also  found  in  other  animal 

1,  and  in  most  of  the  animal  solids. 

'46.  **It  occurs  also  in  many  vegetable  juices,  and  in  many  seeds,  such 
itSt  almonds,  &c.  From  whatever  source  it  is  obtained,  its  properties 
bo  same. 

47.  *«  Albumen  is  naturally  soluble  in  water,  and  is  found  dissolved  in 

erum  of  the  blood,  and  in  vegetable  juices.     The  white  of  eggs  is  quite 

»le;  and  the  albumen  of  wheat  flour  also  dissolves  in  water,  if  it  have 

purified  without  the  application  of  heat.     But  when  it  has  once  been 

td  to  160°,  it  becomes  insoluble;  and,  if  previously  dissolved,  a  heat  of 

causes  the  dissolved  albumen  to  coagulate,  and  the  coagulum  is  inso- 

in  water.     Hence  albumen  is  described  in  two  states,  the  soluble  and 

loagulated. 

'48.  ''If  white  of  egg,  or  serum  of  blood,  be  dried  up  at  120°,  the  resi- 
'm  soluble  albumen  in  an  impure  state.  It  may  be  purified  by  being 
washed  with  cold  ether  and  alcohol,  which  remove  fat,  salts,  and  other 
go  matters. 

'40*  '*  Dry  soluble  albumen,  when  placed  in  water,  first  swells  up,  and 
ibrms  a  glairy  fluid.  This  solution  is  coaffulated  by  heat,  by  acids, 
Icohol,  hy  creosote,  6m;.  The  acids  which  (k>  not  coagulate  albunoen 
koetic  acid,  phosphoric  and  pyrophosphoric  acids.     The  coagulated  al* 
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bumen  dissolves,  willi  the  aid  of  heat,  ia  strong  hydrochlohc  •dd.f» 
ducing  a  purple  solution.  This  reaction  takes  place  with  all  tbo  motm^ 
tioQs  of  proteine,  and  iodicates  a  great  simitarily  of  coDstilutiaa  tfli 

5750,  "  The  solution  of  albumen  is  also  coagulated  or  precintMrf  If  I 
acetate  of  lead  and  the  bichloride  of  mercury,  and  by  JQluaioD  oCgtlk;  • 
by  the  lerrocyanide  of  potassium  if  acetic  acid  be  added.      ProaihfiBni» 
bility  of  the  precipitate  with  bichloride  of  mercury,  white  of  Pgf,  bMC  if 
with  water,  b  used  as  an  antidote  to  that  poison.     One  egg  oomti      ~  '~^ 
about  four  graius  of  corrosive  sublimate. 

6791.  "The  precipitates  formed  by  acids  are  compouod*  of 
with  the  acid  employed.  They  are  soluble  in  pure  water,  but  ^lu 
ble  in  diluted  acids. 

5753.  "Coagulated  albumen  is  quite  insoluble  in  wslcr,  bat  ii 
dissolved  by  caustic  alkalies,  which  it  even  neutralizes.  These  oa 
yield  insoluble  albuminates  with  the  metallic  salts. 

S7S9.  "  Coagulated  albumen,  when  acted  on  by  hydrochloric  acid,  fito 
from  one  to  two  per  cent,  of  phosphate  of  lime;  and  soluble  alhaMs 
pears  to  possess  the  property  of  dissolving  that  sail,  a  properly  wMcb  i 
bles  the  blood  lo  convey  to  the  bones  their  earthy  pari,  and  profaabi; 
to  carry  away  that  which  is  found  in  the  urine. 

5754.  "When  albumen  is  analyzed,  it  yields  the  same  ivsuluiif^ 
teine,  in  regard  to  carbon,  hydrogen,  nitrogen,  and  oxygen ;  but  ii 
less  than  one  per  ceat.  of  sulphur  and  phosphorus  together,  whirhHi*^ 
sent  in  proteine.  Accordtnp;  to  Mulder,  it  is  lOPr  +  S*  +  Pi  I  batwckan 
no  means  of  determining  with  occiiracy  such  small  proporttoea  of 
and  phosphorus,  and  it  is  therefore  preferable  to  represent  albinnta  ^P^ 
teine  with  certain  small  indeternilDaie  proportions  of  sulphar  aad  {■» 
phorus.  When  burned,  it  also  leaves  ashes,  which  contain  *  *  -  ' 
lime  and  alkalitie  salts. 

5755.  "To  prove  the  presence  of  unoxidized  sulphur  in  itlmmi.  f 
solve  it  in  potash,  then  add  acetate  of  lead  as  long  as  the  prccipitMr  fa«ni 
is  redissolved,  and  heal  the  solution  to  the  boiling  point.  It  iMud'i  W- 
comes  black  by  the  separation  of  sulphuret  (sulphide)  of  lead.  1^  ■■' 
lest  applies  to  fibrine  and  casoine.  (Licbig.)  It  is  not  known  id  wtat«r 
the  phosphorus  exists  in  albumen,  after  phosphate  of  lime  has  been  ^s- 
rated.  The  fetid  smell  of  pulrefyino;  albumen,  indicates  dtstiiKdy  (!»■»- 
sence  of  sulphuretted  hydrogen  (sulptiydric  acid)  among  the  prodBAal*> 
putrefaction. 

5766.  "  When  the  juice  of  many  ve^tables,  after  being  aepatMsri  Dwb 
the  coagulum  or  deposit  which  spontaneously  forms  in  it,  and  *1kA  ■ 
vegetable  fibrine,  is  heated,  a  new  coagulum  is  fornted,  which  ia  wt^Hf 
albumen.  When  nuts,  almonds,  and  similar  seeds,  are  frrc^  fr(«  iii«i 
oil  by  presjiui-e,  the  residue  is  chiefly  vcfielable  albumen  in  th«  wtabf 
form.  U  is,  in  every  respecl,  idenlicfll  with  the  albumen  of  e«»  ando 
blood.  ' 

5757.  "  Albumen  must  be  considered  as  ihe  true  starting  poiai  of  all  'b" 
animal  tissues.  This  appears  from  the  phenomena  of  incubalioa,  wbewi 
the  tissues  are  derived  from  the  albumen  of  the  white  and  of  the  yolk,  vbit 
contains  albumen  also,  with  the  aid  only  of  the  air,  of  the  oily  matter  oi":if 
yolk,  and  of  a  certain  proportion  of  iron,  also  found  in  the  yolk.  Itbdw 
from  this,  that  albumen  may  pass  into  fibrine,  caserne,  membraiM*.  ken. 
hair,  feathers,  ice. 
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6766.  "  Fibriw.' — This  modification  of  proteino  occOrs,  like  alliumeii,  in 
two  f<HTi«t,  dissolved  and  cosgulaled.  The  former  is  found  in  IVesh-drawn 
Wood  aad  in  fresh-drawn  vegetable  juices.  Trom  both  of  which  it  coagiilaies 
■ponianeously  on  standing.  In  the  coagulated  slate  it  is  found  in  musculor 
fibre,  snd  in  the  gluten  of  wheat  flour  and  the  seeds  of  the  cerealia  gene- 
rally. 

5759.  «  The  characters  of  insoluble  or  coagulated  fibrine  closely  resem- 
ble those  of  coogulaied  albumen.  With  strong  acetic  acid  it  forms  a  jt-ily, 
which  may  be  dissolved  by  boiling  water,  and  is  precipitated  by  ferrocyan- 
ide  of  potassium-  It  is  similarly  acted  on  by  other  acids;  and,  like  albu- 
men, dissolves  in  alkalies,  which  it  neutralizes.  It  gives  a  purple  solution 
with  strong  hydrochloric  acid. 

5780.  "  When  fresh  blood  is  allowed  to  stand,  the  fibrine  dissolved  in  it 
coagulates  very  soon,  and  forms  the  clot,  which,  however,  is  coloured  by 
the  globules  of  the  blood;  but  if  the  blood  be  stirred  with  a  stick  while  co- 
agulating, the  tibrine  adheres  to  the  stick  in  grey  stringy  massea,  which 
dry,  like  albumen,  into  s  horny  matter.  Like  albumen,  it  contains  sulphur 
arid  pboaphorus,  and  its  asheis  contain  phosphate  of  lime.  It  contains  less 
sulpitur,  however,  than  albumen.* 

5751.  "  Aa  albumen,  during  incubation,  passes  into  fibrine,  so  fibrine,  in 
the  animal  body,  passes  into  albumen  ;  for  example,  in  the  case  of  an  ani- 
mal fed  on  muscular  fibre,  whose  blood  contains  the  usual  proportion  of  al- 
bumen. Nay,  Denis  has  shown  that  the  librinc  of  venous  blood,  by  diges- 
tion with  B  solution  of  nitre,  is  diesolvcd,  and  aC(|uires  the  chiiraciers  of 
albumen,  being  coagulated  by  heat  and  by  acids.  Sclierer  has  shown  that 
■be  fibrine  of  arterial  blood  does  out  undergo  this  change,  nor  that  of  the 
bufly  twat,  nor  even  venous  fibrine  after  exposure  to  the  air  for  some  time. 
Hence  he  concludes  that  it  is  rendered  incapable  of  dissolving  by  the  action 
oFoxygen,  and  ilinl  the  fibrine  of  venous  and  of  arleria!  blood  arc  thus  di«. 
tJDCl;  the  forrner  being  soluble,  the  latter  coagulated. 

6762.  "  He  found  that  the  above  mentioiied  solution  of  venous  fibrine 
in  nitre,  when  expoaed  to  the  air,  deposited  an  insoluble  matter,  identical 
with  arterial  fibrine.  He  also  observed,  that,  after  being  boiled  for  a  aS 
time,  venous  fibrine  became  insoluble,  and  had  lost  the  property,  post 
by  it  when  fresh,  of  absorbing  oxygen  and  giving  off  carbonic  acid. 

6768.  "  The  fibrine  which  apontaneously  coagulates  from  certain  vege- 
table mioea,  such  as  those  of  carrots,  turnips,  and  beet-root,  and  that  eon- 
tatned  in  the  gluten  of  wheat  flour,  are  identical  in  properties  and  compoai- 
tioo  with  animal  fibrine. 

0764.  '*  Fibrine,  brrih  animal  and  vegetable,  is  a  moat  impoftant  element 
of  DOtrition,  and  yields,  in  the  animal  body,  albumen,  caseioe,  and  the  tis- 
•oea  derived  from  them. 

6766.  "  Cateine. — This,  the  third  important  modification  of  protone,  is 
Iband  in  milk,  and  constitutes  thai  ingredient  which  ia  neither  coagulated 
■poDtaneously,  like  fibrine;  nor  by  heat,  like  albumen;  but  by  ibe  action 


eoBtslDlafr  iittia  bitt  of  maUl  fint  weighed  nltbont  tti«  flul 

piMl;  and  ifl«r  tha  introduction  nftba  blood,  th>  fluk  ud  it 

togatbar.    On  ■pUting  the  fluk,  Iha  biu  of  metal  becoms  coaMd  with  Ebrina.    %Qb- 

tsqaantl*  tha;  i*  wuhad  with  watar,  diiad,  and  weigbad.     Bj  theaa  meuu,  gnard- 

iof  agunat  any  daficit,  tha  weigbt  of  the  Sbrina  ma;  ba  deducad.    Agreaablj  to 

lb*  aama  aathority,  menatnul  bTood  containi  nr>  fibrine."     Beneliaa'  Report,  1841, 
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of  acids  aloaew    Cbeeae,  made  from  skimmed  milk  and  well  pn 
DSerly  pure  caseioe.     A  substance  quite  ideniic«l  is  found  nbuMli 
the  seeds  of  leguminouH  plants,  and  was  formerly  called  LfgvmatiM.    \jii% 
has  recently  shown  thai  legiimino  is  nothing  but  caaeioe ;    and,  {mm  « 
ever  source,  it  is  found  to  be  a  compound  of  proteine.     Thua  ha  ml 
gives  the  same  results  as  those  of  fibrine  and  albumen  for  tbc  foaraqp 
elements ;  and  it  differs  from  these  bodies  in  cooiaioing  do  free  pJu^ta 
Its  ashes  are  very  rich  in  phosphate  of  lime  and  in  potash  i  u4  ai 
point  also  animal  and  vegetable  caseinu  agree. 

5766.  "  Coagulated  caseine  is  generally  a  compound  of  caaciiK  vM 
acid  employed  to  coagulate  it.  When  milk,  on  standing  long,  ongik 
it  L3  found  to  CDUlain  iree  lactic  acid,  some  of  which  by  combining  wA 
cascine  has  caused  the  precipitate.  When  sulphuric  acid  ia  iianj,  tha  i 
gulum  is  sulphate  of  cascine ;  which,  when  the  acid  is  retnorcsl  bj  od 
ate  of  lead,  yields  pure  caseins. 

5767.  "  When  dry,  caseine  thus  prepared  is  like  gum-  It  is  nM  n 
dissolved  by  water,  and  never  forma  a  clear  solution.  It  ia  firebptiaMd  tj 
acetic  acid,  but  in  other  respects  reaenihlea  a  solution  of  albumen,  eieq^  ^  ' 
it  is  not  coagulated  by  heat.  When  milk  is  placed  in  oonUuU  mttkn 
which  ia  the  lining  membrane  of  a  calf's  stomach,  it  is  coagubUvd.  lHi% 
has  shown,  that,  unless  the  membrane  be  ia  a  state  of  decompanM^  Ai 
change  does  not  take  place;  and  it  probably  depends  on  the  lbiTnatioa,HAr 
the  fermenting  influence  of  the  membrane,  of  sut&cient  laciic  MsdtiK^ 
tralise  the  alkali  of  the  milk,  and  thus  coagulate  the  caseine.  WfaainB 
milk  or  cream  is  used,  the  cheese  contains  much  butler  beside  ibo  a 

5768.  '>  When  milk  is  heated  in  an  open  vessel,  a  pellicle  ia  fbtriMd,  vlvi 
if  removed,  is  continually  renewed,  and  is  insoluble. 
action  of  oxygen,  for  il  does  not  form  in  an  atmosphere 
(Scherer.) 

6769.  "When  peas,  beans,  or  lentils  are  aof^ned  in  coM  wmk4 
ground  with  that  fluid,  end  the  mass  further  diluted,  and  siratnfd  dm 
a  fme  sieve,  there  passes  through  a  soiution  of  caseine  in  whtcb  Hunk 
suspended-  Whoa  the  starch  has  settled,  the  supernatant  liquid  itaii 
tion  of  caseine,  which  is  always,  like  milk,  turbid,  partly  IVoin  n^H 
fat,  partly  from  the  gradual  action  of  the  air  on  the  dissolved  caaoM  b 
acid  being  slowly  formed,  which  causes  a  gradual  separation. 

6770.  "This  Bofution  has  oil  the  characters  of  skimnjed  milk;  iiiiCM 
latcd  by  acids,  not  by  heat,  and  forms  a  pellicle  when  heated,     [t  tlM' 
Dgulates  nller  long  standing  from  the  formation  of  lactic   acid  ;  aad,  wfeA 
the  coagulum  putrefies,  the  odour  is  exactly  that  of  putrid  cbeese.  ^Litif-J 

5771.  "The  ashes  of  soluble  caseine,  whether  animal  or  vegeMbh  ■* 
very  strongly  alkaline;  and  there  is  reason   to  believe  that  the  f     ' 
found  in  the  ashes  had  served,  by  combining  with  the  caseine,  lo  mi 
soluble. 

S77a.  "  Caseine  occurs  also  in  the  oily  seeils,  such  as  almonds,  niM 
along  with  albumen,  and  mus.t  be  considered  as  a  very  important  He 
of  nutrition. 

5773.  "Scherer,  by  acting  on  the  serum  of  blood  «ith  water  andaladt 
caustic  potash,  obtained  n  neutral  solution,  which  no  longer  coogubwd  bj 
heat,  but  formed  a  pellicle  like  milk.  As  this  pellicle  appeared  idcmical 
with  that  from  milk,  the  experiment  seems  to  prove  the  conversion  of  ■&► 
men  into  cascine. 

S11A.  "  Mulder  considen  caseine  to  be  lOPr  +  S  ;  but  pure  caseiw  >* 
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lown,  and  caaeine,  as  il  usually  occura,  conlnina  6.5  per  cent,  of  in> 
c  matter,  chiefly  phosphate  of  liine  and  poiash.  There  \k  no  doubt, 
er,  thai  the  organic  elemenls  of  caseine  are  united  in  the  same  pn> 
1  as  those  of  proteine,  albumen,  and  librine ;  while,  like  the  two  latter. 
Is  a  purple  solution  when  heated  with  strong  chlorohydric  add.  The 
of  milk,  also,  in  the  nutrition  of  young  animals  proves  that  cnseine 
ibtc  of  conversion  into  albumen  and  fibriiie ;  while  the  production  of 
1  an  animal  fed  on  albumen  or  fibrine,  or  both,  shows  that  these  bo- 
ay  be  reconverted  into  caseine. 

5.  "  We  may  exhibit  the  connection  between  these  substances  as 
1.  Pr  represents  proteine,  C"H"N'0'*.  P  and  S  repitiacnt,  not 
leots,  but  only  small  indeterminate  quantities,  of  phosphorus  and 
r. 

Albumen  is       .       Pr+S*-f  P+salls. 

Fibrino  is  .       Pr+S  -f  P+solts. 

Caseine  is         .       Pr+S  -f  salts. 

9.  "  We  can  thus  cosily  understand  the  formatioti  of  any  one  of  them 
iroieine,  or  tlie  conversion  of  one  into  the  other.  Albumen,  losing 
I  lulphur,  becomes  fibrine;  and  6brine,  losing  its  phosphorus,  be- 
c&scioc:  but  ti)e  sails  arc  not  exactly  the  same,  nor  in  the  same  pro- 
a  in  all  (he  three  cases. 

The  Blood. 
r.  "Thb  imporlani  (iuid,  from  which  all  parts  of  the  body  are  form. 
•Q^scs  very  remarkable  properties.  In  the  veins  it  is  dark-coloured, 
arteries  bright  jed>  When  drawn,  it  presently  forms  a  red  clot, 
•ed,  aa  we  have  seen,  partly  of  fibrine,  while  the  soruin  contains  a 
uantity  of  albumen. 

i,  "  The  colour  of  the  clot  is  owing  to  a  compound  which  haa  been 
H^maioiine,  which  has  many  properties  in  common  with  albumen; 
globules  of  the  blood,  in  which  the  colour  naturally  resides,  are  Dot 
ed  of  hsnvitosine  alone,  but  contain  another  albuminous  compoundf 
Ji  the  name  of  Globuline  has  been  given.  It  is  probable  that  ndtber 
i  compounds  is  known  in  a  state  of  purity. 

I.  "  To  obtain  them,  blood  is  well  siirrol  tn  separate  (he  fibrine,  and 
with  six  volumes  of  a  saturated  solution  of  sulplmleof  soda,  in  which 
ibules  are  insoluble.  They  are  then  b-iiicd  with  alcohol  acidulated 
Iphuric  acid,  which  dissolves  a  sulphate  of  hicmatosine,  and  leaves  a 
e  of  globuline.  The  red  olcoholic  solution  is  mixed  with  carbonate 
nonia,  which  separates  the  sulphuric  acid  n^  sulphate  of  ammonia, 
«iih  a  little  globuline.  The  filtered  solution,  being  evaporated,  leaves 
miae  as  a  dark  brownish  red  mass. 

1.  "  Hicmaiosine  thus  prepared  is  insoluble  in  water,  alcohol,  and 
•ut  forms  red  solutions  with  alcohol,  to  which  either  acids  or  alkalies 
ed.  Its  ashes  contain  iron,  but  Liebig  and  Scherer  have  shown  that 
colour  does  not  depend  on  that  metal,  which  may  be  removed  either 
e  globules,  or  from  hsmatoiiinc,  by  strong  aulphuric  acid,  without 
lag  the  red  colour ;  and  in  this  experiment  tne  red  matter  lefl  gives  a 
•fa,  free  from  iron.  Iron,  however,  is  essential  to  the  blood,  and  is 
lenlly  supplied  in  the  food.  The  ashes  of  almost  all  vegetables  con- 
ittle  iron ;  flesh,  of  course,  does  ao,  as  it  is  mixed  with  blood ;  and 
[  of  egg  is  found  to  contain  an  oily  matter,  of  which  iron  is  an  in- 
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£791 .  "  Globuline  Ibrms  the  principal  pari  of  the  blood- globuka-    ll  1m  I 
not  been  obtained  in  a  pure  state,  but  has  all  the  characters,  as  well  Mill 
composition,  of  dissolved  albumen.     The  compound  with   su^unc  leri 
above  mentioned,  is  grey,  or  while,  and  was  ibund  U>  contain  taium 
of  sulphuric  acid  and  one  of  proleinc. 

5782.  '>  Besides  albuinen,  the  senim  ofthe  blood  contains  &t  mbAm 
matters.  When  healed,  the  albumen  coagulates,  and  floats  io  a  M 
liquid  called  the  Strosity.  This  contains  common  salt,  £ulpJiaKi,  tkofr 
phaiBs,  and  carbonates.  The  blood  probably  also  contaioa  the  inparti 
ofthe  secretions  and  excretions,  such  as  bile  and  urinei  but  thneanao 
small  a  pri^rtion,  that,  except  ia  caaes  of  disease,  it  b  hardly  paaU 
delect  them.  The  fatty  matter  in  blood  is  obtained  l>y  drying  gp  iheo 
and  digesting  with  ether.  It  consists  of  the  usual  animal  fats,  ami  ■ 
likewise  to  contain  cholesterine,  or  the  fat  of  bile. 

5783.  "  The  following  table  gives  the  results  of  two  careliil  anlj^if 
blood  by  Lecanu : 

W«ter 780 I4A  IKS 

Fibrins           ......  s.iOO  Utf 

Colouring  mutter  (bffiBjiitoaine  BJid  globuUna)  IXt.OOO  MM 

Albumen  6SJ)0Q  AM 

CrvBUlline  fit           ....            .  8.430  (V 

Oilym«tlei 1.310  t* 

Rxlnu^tive  mailer  (soluble  in  water  and  «lcohal)    -            .  1.790  lA 

AlbumiDBlo  of  lod. ].9ffi  «• 

Alhaline  cliloridei,  carboaatea,  phoapbatti,  and  lalphatea  8370  Ul 

Carbonntei  of  lime   and   mag-naaia,  pboaphiles  of  lime,  >  9JM  IM 

mggucsia,  and  iron,  poroiido  of  item                            t  stl^  l^ 

Lou 2.«M  urn 

looaooo  mu) 

5794.  "  It  is  obvkiua,  that,  u  the  bltx>d  is  chiefly  composed  of  an^aMii 
of  proteins,  its  composition  cannot  be  very  different  from  (hat  of  prORW 
ila  modiflcations.  In  fact,  dried  blood,  when  analyzed,  yields  the  <>'>■'■ 
C«H"N'0»  which  is  proteine,  C«  H"  N'O"  +  HO  +  H'.  (ftjfe 
and  Boeckmann.)  This  excess  of  hydrogen  is  probably  derirt^  bm'^ 
presence  of  fai. 

&785.  "  From  the  blood,  that  is,  from  the  compounds  of  p 
blood,  are  derived  all  the  animal  lissuus.      Some  of  these  a 
proteine,  others  have  no  longer  the  characters  of  such  compouoJ*;  h»iii 
all  cases  they  are  derived  from  proLcinc. 

5786.  "  Museular  tigmif,  or  muscular  fibre,  is  composml  cfairf*  ^ 
(ibrine,  mixed  however  in  the  ordinarv  stale  with  blood,  metnbfaMM  i** 
vous  mailer,  and  fat.  Dried  flesh,  when  annlvzr'd,  gave  the  x 
as  dried  blood,  namely,  C"H'»N«0".     (Pbyfair  and  Boeckm 

5787.  "  When  flesh  is  aclcd  on  by  hot  waier,  there  is  dissi'l 
lily  efjoal  to  17  per  cent,  of  ils  weight.  Thp  dtssnlved  mriit.r 
sails  of  (tesh,  and  several  organic  matters  probably  prixluuni  a 
tion,  the  nature  of  which  is  very  lillle  known.  One  of  these  has  be«i*- 
scribed  under  the  name  of  Osmazome,  and  is  supposed  to  give  lo  soup  tni 
dressed  meal  their  peculiar  flavour:  but  osmazome  is  cenainlv  not  a  [W 
substance,  as  at  present  known  ;•  and  the  whole  subject  of  the  cbtn^ 

•  In  olhot  wo 


OF  ANIIIAL  8UB8TAlfOB8.  371 

in  fixxL  by  ocx^dng  is  understood  to  be  under  investigprtioa  by 

^788.  "  Cttlaiinous  Huue. — Under  this  name  are  included  the  organic 
■■ua  of  the  bones,  that  of  tendons  and  ligaments,  the  cellular  tissue,  the 
km^  and  the  serous  membranes.  All  these  substances  dissolve  by  long* 
'  boiling  in  water,  and  the  solution  on  cooling  forms  a  jellv.  The 
forms  of  gelatine,  from  hoofs,  hides,  d»%  are  called  Glue;  that  from 
and  finer  membranes  is  known  as  Size;  and  the  purest  gelatine,  fhrni 
air*bladders  and  other  membranes  of  fish,  is  called  Imnglau.  Gelatine 
not  exist  as  such  in  the  animal  tissues,  but  is  formed  by  the  action  of 
oiling  water.* 

II760.  **  GeUuine  is  soluble  in  water,  and  the  hot  concentrated  solution 
■nm  a  jelly  on  cooling.  It  is  precipitated  by  tannic  acid,  forming  an  inso- 
sbte  compound,  which  forms  the  chief  part  of  leather.  Leather  is  made 
y  ntaeping  softened  skins  in  a  strong  infusion  of  oak-bark,  catechu,  or 
liter  aatringent  vegetables  containing  tannic  acid.  Skins  are  prepared  in 
ways,  yielding  different  kinds  of  leather,  such  as  tawed  leather,  wash- 
r,  dECt;  but  the  process  of  tanning  depends  on  the  action  of  tannie 
on  the  gelatinous  tissue. 
6700.  ^  Uelatine,  when  acted  on  by  sulphuric  add,  yields  gelaiUie  ««- 
wt  gipeieaU,  C*H7N'O,2H0.  When  treated  with  potash,  h  is 
aid  to  ywkl  glycicoll  and  leucine.  Glydcoll  unites  with  oxide  of  lead, 
moing  a  oompound,  C«  H'  N"*  0, 2PbO.  (Mulder.)  It  also  combines  with 
itric  add,  forming  a  compound  add,  C«  H'  N*  0«  +  3NO  +  4H0,  which 
ryatailiaesy  and  forms  double  salts  with  bases.  That  with  lime  is  CaO,C* 
1JNH>  +  «(CkO,  NO*). 

6791.  ^Accordiog  to  Soberer,  the  composition  of  gelatinous  tissue  is 
epresented  by  the  formula  C«»H«N5^iO",  or  doubled,  C*H~N"0^; 
rhich  latter  formula  represents  2  atoms  proteine  +  SNH',  +H0  +  O^^. 

6792.  ^  Although  gelatine  is  thus  nearly  related  to  proteine,  and  is  doubt- 
ana  fonned  from  one  or  other  of  its  modifications,  3ret  it  has  none  of  the 

of  a  compound  of  proteine.    It  does  not  yield  proteine  when 
on  by  potash,  and  it  does  not  produce  a  purple  colour  with  hydrochlo« 
ie  acid.     It  therefore  no  longer  contains  proteine. 

5798.  ^  This  accounts  for  the  fact,  that  animals,  fed  exclusively  on  gela* 
ixte,  die  with  the  symptoms  of  starvation.  The  gelatine,  containing  no 
iroieine,  cannot  yield  albumen,  fibhne,  or  caseine;  and  it  has  already  been 
tated  that  the  animal  system,  although  it  can  convert  one  form  of  proteine 
Dto  another,  cannot  form  proteine  from  compounds  which  do  not  contain 
t*  Blood  therefore  cannot  be  made  from  gelatine,  and  the  animal  soon 
Baa.  But  when  mixed  with  other  food,  especially  compounds  of  protdne, 
■rif»*"<*  may  be  usefol,  and  may  serve  directly  to  nourish  the  gelatinous 
jes.  (Liebig,  Animal  Chemistry,  98,  130.)  This  would  explain  the 
of  gelatine  as  a  part  of  the  food  of  convalescents,  whose  debilitated  sys- 
cannot  readily  convert  albumen,  d^c.  into  gelatine  for  the  nutrition  of 
tissues,  and  finds  it  ready-made  in  the  food.  The  experiments  of 
[>*Aroet  on  the  gelatine  from  bones  have  proved,  that,  as  part  of  the  diet  in 
WTTp***^*,  gelatine  produces  the  best  efifects,  and  materially  abridges  the 

*  How  happen!  it  then,  that,  aa  it  exiats  in  the  hidea  or  ikios  of  animala,  it  com* 
with  tannic  acid  to  fonn  a  inhatance  (leather),  preoiaely  the  aame  in  its  che- 
compoaitiop  aa  the  precipitate  formed  by  a  aolntioii  of  fektana  with  that     *^  * 
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period  of  convalescence.    When  it  ia  given  sknte,  nil  mnimala  nm  i 
il  with  disgust,  and  die  irronfined  la  gelatinous  food. 

dTV4.  "  Chtmdrine. — This  substance  forms  ibe  taKue  of  cutibgl 
occiirs  in  the  ribs,  trachea,  nose,  &c  and  of  the  cornea.  It  ia  ilowt 
solved  by  boiling  with  water,  and  when  dry  reaemblee  glue.  Bat  ill 
from  gelatine  in  not  being  precipitated  by  tannic  acid,  and  in  b«m| 
cipitatea  with  acetic  acid,  alum,  green  vitriol,  and  acetate  of  IcM.  1 
when  in  the  cartilaginous  state,  arc  compoaed  of  it.  According  mH 
it  ia  composed  of  C"  H'"  IM»0«>;  that  is,  of  pTDt«ne  +  4W-i 
Chondrine  leaves,  when  humeri,  from  4  to  6  per  oeaU  o€  a^m,  i 
bone-en  rlh. 

0706.  "  Arterial  JWnnAnine.— The  middle  coat  of  the  ajtety,  «h 
«  very  elastic  merobraoe,  leaves,  when  burned,  1.7  per  oenl  cf  i 
Aocording  to  Soberer,  it  is  composed  of  C**  H**  N*  0'« ;  thai  ia,  n 
+  2H0. 

57M.  "Horny  ntotin-.— This  occura  in  two  ferma,  wttmkimm 
aompact.  Tbe  former  constitutes  the  epidermis,  and  the  ii|iilliiiiai. 
liniiur  membrane  of  tbe  vessels,  of  the  intestines,  and  of  the  painful 
The  latter  forms  hair,  horn,  nails,  &c. 

679T.  "Schenr  luu  analyzed  numerous  speciinenB  of  both  la 
homy  mstler,  and  deduces  from  his  results  the  fbrmula  C**  WM 
Unt  is,  protaine  +  NH'  +  O*. 

679S.  *'  Homy  matter,  when  acted  on  by  potash,  yields  | 
adclitioa  of  agetic  acid. 

6790.  "Fealhert  are  closely  allied  to  horny  niattei*,  I 
Scherer,  contain  one  atom  of  oxygen  less;  the  formula  oCfi 
from  his  analysis,  being  C"  H»»  N'  O". 

6600.  "  PigmeiUummgrvmocuii. — This  substance,  «coordiagl»& 
contains  more  carbon  than  any  of  the  preceding;  but  its  fom^  hi 
been  ascertained. 

5801.  "  It  is  to  be  particularly  observed,  ihal  the  formulfe  abene 
for  iho  principal  tissues  of  the  body,  arc  only  intended  lo  show  tbf  re 
Ihey  actually  bear  lo  proleine.  It  is  not  meant  that  ihcv  are  lorwdi 
body  by  the  addition  of  water,  ammonia,  or  oxyj^n,  lo  proleiw:  o 
contrary,  we  are  as  yet  ignorant  of  tlip  conditions  under  whii-h  th 
produced;  and  in  some  cases,  ns,  lor  CKam|ilo,  in  ijrlaiinc,  several  di 
views  may  be  taken  of  their  torniaiidU. 

Brain  and  IS'crroiis  Matlrr. 

6802.  "  Nervou*  matter  is  disiiiicl  from  all  other  animal  tiKUW,  i 
produced  by  the  animal  system  exclusively.  In  composition  it  is  IM 
diale  between  fat  and  the  compounds  of  protcine,  containing  niiropn.' 
is  absent  in  fats,  but  in  Ihr  smaller  quantity  than  proleine  do^:  aiall 
on  the  other  hand,  much  richer  in  cnrlxm  than  protciiif  or  iti  nv^v 
It  appears  likewise  lo  contain  phosphorus  as  an  cssonlial  insn^imt. 

58U3.  "From  the  recent  ri'senrchcs  of  l-'ninv,  brain  appear*  to  o 
8  peculiar  acid,  aimloyous  Ui  the  fiitiy  iicids,  uhich  he  mil:!  cwr^-hrif 
and  which  cimliiins  iiitriyen  ;ind  phosphorus;  this  is  niixcl  »iih  nn 
minous  subslnnce,  with  an  oily  acid — llit-  oliopliosphnric  acid,  withf 
terine,  and  finally  with  smidl  quantitiis  of  ulcine  and  margarine.  « 
oleic  and  margaric  acids. 

5804.  "The  two  acids  |)cculiar  to  the  brain  and  nervous  matter. 
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iMMWinw  fne,  but  geoenlly  combiiwd  with  aoda  or  with  pbosptuUe  of 

A806.  "  Catbrie  acid  is  extracted  by  etber  Irom  tbe  braio  after  it  bas 
btVi  expoted  to  the  acttoo  of  bculiog  aloobol,  which  congutaCee  the  albumetk 
[W  nUter  deposited  on  cooling  by  tbe  ether  is  a  imxturo  of  ceiebric  acid, 
fwtsmUy  DomlHDed  with  soda  or  booe-eanh,  oleophoephate  of  soda,  and  a 
■Hie  albumen. 

n  AS06.  "  This  mixture  is  acted  on  by  alcohol,  acidulated  with  sulphuric 
■■d,  which  precipitates  sulphates  of  lime  and  soda,  and  albumen.  The  fit 
■pad  solution  contains  ceiebric  and  oleopbosphoric  acids ;  cold  ether  re- 
■oves  the  latter,  and  the  ibrmer  is  purihed  by  solution  in  hot  ether  and 
■cystallisation. 

5807.  "When  pure,  it  is  while,  crysluUinc,  and  pulverizable.  In  hot 
water  h  swells  up  like  slareh,  but  does  not  diBsolve.  It  cootains  phos- 
iborus,  but  no  sulphur  if  purified  from  albumen;  tiie  phosphorus  amounts 
n  barely  one  per  cent. ;  and  it  coniains  2.3  per  oeat.  of  nilrogeu.  It  has 
!ba  characters  of  a  latty  acid,  but  its  acid  properties  are  feebly  marked. 

4806.  -OUophotphorie  add. — This  acid  has  not  yet  been  obtainsd  quite 
Mue.  With  the  alkaliea  it  forms  sosjts,  and  its  compound  with  (xnia  ap- 
;iMr>  to  anal  in  the  brain.  When  il  ia  long  boiled  with  water  or  alcohol, 
t  ii  lesolred  into  oleine  and  phosphoric  add.  This  chaitgo  is  accelerated 
ly  acids,  but  it  takes  place  also  spontoneoualy  at  the  ordinary  temporaluroi 
nly  more  slowly;  and  the  presence  of  animal  matter  in  a  state  of  decom- 
xwitioa  seenw  to  cause  il  lo  be  resolved  into  olcino  and  phosphoric  acid, 
rhus,  wboi  brain  has  been  allowed  to  undergo  partial  putrefaction,  it  no 
ooger  yields  oleophosphoriu  acid,  but  oleine  and  phosphoric  acid.  !t  oon- 
ains  two  par  cent,  of  phosphorus.  Tlio  nleiue  of  this  acid  is  identical  with 
Itat  of  human  fat. 

5809.  "  Ckoktterine. — This  fat,  aa  extracted  frotn  the  brain,  in  which 
t  occurs  in  considerable  quantity,  has  tlic  same  composition  nnd  properlies 
la  ti»  fat  of  biliary  calaili.  (Uouerbei  Prcmy.)  Frtray  has  also  sue- 
leodod  in  delecting  in  the  liver,  traces  of  the  characteristic  fat  acids  of  tlie 
nio. 

5810.  '■  The  grey  portions  of  the  brain  appear  to  be  chiefly  albuminous; 
rfasie  tbe  white  portions  consist  of  an  albuminous  tissue  similar  to  the  grey, 
Nil  loaded  with  the  fats  above  described. 

5811.  "  The  so  leaning  of  the  brain  in  diseases  of  that  or^n  seems  lobe 
he  result  of  putrefaction,  and  is  accompanied  by  the  separation  of  tbe  olaine 
Irom  tbe  phosphoric  acid.  The  oleine  itself  also  is  decomposed,  yielding 
&ee  oleic  acid. 

6813.  "There  can  be  no  doubt  that  the  brain  and  nervous  matter  (which 
■  quite  similar  to  brain)  are  formed  in  the  body  from  compounds  of  pro- 
Mine,  either  by  liie  loss  of  some  azoiized  compounds,  or  by  the  addition  of 
highly  carbonized  products,  such  as  fat.  But  we  are  ignorant  in  what  part 
oTtbe  body,  or  by  what  organs,  nervous  matter  is  prepared.  This  point 
requires  minute  investigation.  In  the  mean  lime,  according  to  Chevreul, 
the  &tty  matters,  which  occur  in  small  quantity  in  the  blood,  are  similar  lo 
tbo»e  of  the  brain. 

6813.  "Brniu. — The  bones  of  animais  are  composed  of  bone.earth  and 
plafinonn  tissue.  By  the  action  of  hydrochloric  acid,  the  earthy  matter  is 
Ibaolved,  and  tbe  animal  tissue  is  let\.  It  is  soA,  retains  the  form  of  the 
MtM,  and,  when  dried,  becomes  brittle  and  semitraosparent.     When  boiled 


nWi  water,  it  yieUb  a  solutiui  of  gelatiDe,  &tty  malter  remamiitg  u 
■dved. 

fi614.  "The  Quthy  mstter  ii  formed  of  a  peculiar  phosphaw  of 
BCaO  +  8P«  C  —  HO,  3CaO,  P*  O  +  S{8CbO,  P"  O');  thai  t*.  ■  i 
pound  of  two  fonna  of  tribasic  phosphate.     It  fcrms  rather  more 
the  wnght  of  the  bone,  and  coDtaics  a  variable  proportioo  of  e»r. 
lime,     rluoride  of  calcium  ia  sometimes,  but  not  always,  presem  a  naM 
booea;  in  IbanI  booea,  and  in  human  bonea  from  Herculaoeum,  it  xtnT* 
loimd. 

B810>  "Teetk  contain  tbe  same  ingredients  as  bones,  bui  the  pfuywMa 
of  Mtithy  matter  ia  greater,  amounting  to  nearly  seventy  per  oeac  D» 
ommkI  of  tbe  teeth  contaioa  do  animal  matter,  and  fluoride  of  caldw  a 
Aundin  it. 

MIO.  **  In  rickets,  tbe  proportion  of  earthy  matier  is  much  dioBBiiifi 
Oalina  and  exoatosifl  are  said  by  Valentin  to  contain  more  carbonaMflf  tai 
than  aound  booe,  and  carious  booe  to  cmitain  less. 

5617.  "  When  bones  are  heated  in  the  open  lire,  they  Icmvv  an  mm^ 
aUetw,  wbich  ia  quite  white,  and  has  tbe  form  of  ihe  booe.  If  bawiiw 
beaied  in  close  venela,  they  give  off  carbonate  of  nmrnonia  and  tarry  p» 
doots,  and  (eave  a  black  mass,  which  consists  of  bone-eanh,  with  afcoMM 
per  cant,  of  finely  divided  charcoal.  It  is  called  bone  or  ivory-bko^  mi 
n  much  uaed  to  oeoolorixe  organic  solutions. 

AmiKat  Seeretiont  and  Exerrtion*. 

6818.  "JKUt.~-Thia  important  secretion,  deslincd  for  the  njpport  ef  Ar 
Toong  of  the  mammalia,  is  characterized  by  the  caseine  it  contsia*-  At 
It  alao  contains  certain  oily  or  fatty  mattera  wbich  coostitme  baaer,  «ri 
which,  bendes  &ta  analogoua  to  tbe  ordinary  aDimal  fais,  contain  ooB* 
volatile  acids  (6052,  S066),  to  which  the  smell  and  peculiar  tasianrWK 
are  owing.  Milk  further  contains  sugar  of  milk,  or  lacline  (4^T0^■  mi, 
when  tbe  caseine  has  been  coagulated  by  an  acid,  ihf  whey,  besidra  heme 
and  salts,  contains  an  albuminous  mailer,  which  is  coH^ilaied  bv  brsL 

6819.  «  Tbe  compoeilion  of  milk  is  such,  that  it  is  capable  of  st^poduc 
animal  life  without  any  other  food.  Its  caseine  and  albumen  sonr  fbrtkr 
formation  of  blood,  and  for  the  nutrition  of  the  animal  lisaiies,  whtie  itt  *■ 
gar  and  fat  support  respiration ;  and  it  furnishes,  besides,  all  tbe  win  '»tia 
the  body  requires. 

6830.  "  The  following  table  exhibits  the  composition  of  tbe  imDt  </  *a- 
man,  of  the  ass,  and  of  the  cow.     (Henry  and  Chevallier.) 


Bultar 

>r  of  milk 


Milk  of 

Wonon 

An 

Cow 

152 

182 

4M 

3.&5 

on 

S.13 

6.&0 
0.4;. 

u;W 

*.r: 

87S.8 

91  e> 

er^os 

300.00 

lOO.OO 

100.00 

Buffu 
SiTui 
Wftter 


6881.  "When  the  food  is  highly  farinaceous,  the  proportion  of  butt«  ■ 
increased ;  but  when  the  food  contains  much  of  the  compound*  of  prowfc 
there  is  lees  butter  and  more  caseine  presenl.  The  more  active  eueitiaB  ii 
taken,  the  amaller  also  is  the  proportion  of  butler. 
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SSSS.  *<  Milk,  afler  it  baa  hecotaa  woar,  undei^jOM  the  tioous  feratenta- 
ioa  <SS16). 

S83S.  "  iSaliiNi. — This  fluid,  secreted  hy  the  salivary  glands,  is  com- 
HKd  of  water,  with  about  one  per  cent,  or  solid  matter,  partly  saiiDe.  It 
lAm  eooteins  a  tnu^e  of  sulphocyaoide  of  potasnum,  or  at  least  of  a  salt 
vbieh  strikes  a  red  colour  with  persalts  of  iron ;  but  this  might  be  done  by 
m  toMate.  The  animal  matter  of  saliva  has  been  described  under  tba 
■me  of  Salivary  maoer.  It  is  soluble  in  water,  and  not  coagulated  by 
fenL 

'  S8S4.  *■  Salira  poaaeaaea,  in  an  eminent  degree,  dte  property  of  ftathing 
vfth  air,  like  a  aolotioD  of  soap;  and  Liebig  (Animal  Chemistry,  p.  118) 
joaccme  that  its  use  is  to  introduce  in  this  manner,  during  mastication,  a 
D  quantity  of  air  into  the  stomach,  the  oxygen  of  which  is  employed 


*  Ai  I  Ind  tfaat  B«neUiii,  Onlun,  and  Kaae,  pT*  dmib  importuiea  to  papuB* 
kaa  ia  ■eaonlad  bj  Liebig  uid  GngoTj,  I  dMm  it  azpmliaiit  to  mbimD  th«  foUow* 

akinidnd  teeouDl  of  il,  preparad  b;  ma  laeantlj,  bun  Baneliiu'  Raport,  1840, 
,  and  Unkam'a  Elementj,  IDSO. 

Hw  aaias  «C  p«p«ae  bM  bean  given  to  «  pMuBar  mattar  oonstitating  tlia  tetiva 
irinetpla  oTtba  ^aatric  flaid,  the  diicovei;  of  which  la  doe  to  Mr.  Waanaaa,  Pep- 
ana  mar  ha  oblaiDed  b;  infaaing  the  mncona  mamhraiia  of  the  domach  in  aeldu- 
atad  wiisr.  The  BnlutJDD  thua  procured,  fau  Iha  pnpertj  ot  diaaolring  the  eoagn- 
lated  while  of  egg  cnmplatelv  in  half  an  hour. 

Wheo  tbo  membrane,  wilbout  bsing  cat  into  piecce,  hot  well  waahed,  ia  digaalad 
ji  a  l*ige  quaolil;  of  water,  at  a  tem^rature  between  86°  and  96°,  a  variety  of  aab- 
rtaocea  are  ubtcted  na  well  ■■  p«Hine;  bat  if  aflerwardi  cold  water  be  aaMtttutad 
bt  the  wans,  aeareolv  anj  matter  beiidee  pepaine  ia  taken  np.  The  aitraetioD  maj 
mdure  with  ancceeairi'  porlioni  of  water,  nntil  (ymptoma  of  putrefhctioD  anane, 
The  eolatioii  thne  obtained,  with  the  addition  of  a  litlle  chlorohjdrie  acid,  haa  the 
>rapertj  of  diuolrins  roagnlited  albumen  ipeedilj.  Pepaine,  extracted  b;  thue 
aoaiu,  Gontaiiu  a  tittk'  iilbDmea,  which  maybe  precipitated  bj  ferrocTanide  of  po- 
•SirDiD.  or  br  bealing  the  (oliiUon,  if  not  too  dilute,  to  a  tamperatnre  between  110" 
mi  21'i'  without  cbiillilion.  B;  theae  meani  the  coagulated  ilbnmeD  ia  pracipitatad 
B  flocki,  with  a  IJltle  modified  caMine. 

Fapaine  may  be  precipitated  from  ita  aolotioni  by  the  protoenlphate  of  iron,  anl- 
ikala  of  copper,  acetate  nf  lead,  or  protoehloride  of'^tin.  From  the  precipilatM  tboa 
■■da,  it  may  be  aeparatad  by  expoaare,  while  anapended  in  water,  to  aalphydrie 


ing,  pepaine  retaina  a 
npiiKdtla  have  a  decided  reaction  i 
icopnala  aolvent  powera. 

Xoatata  of  pepeine  may  be  procured  by  decompoaing,  by  auljihydric  acid,  the  jne- 
dpilate  made  aa  above  luggeited,  by  acetate  of  lead,  evaporatiiig  the  reaidnal  aola- 
ion  to  the  conaiateoce  of  ayrup,  and  inbjecting  it  to  alcohol.  The  acetate  aepaiatea 
B  white  Bock*,  which,  by  deiiccation,  acijuire  the  appearance  of  a  gnm,  and  ara 
wailily  aoluhle  in  water.  Of  pepaine  in  thia  form,  one  part  in  60,000  parte  of  water, 
aith  a  minute  addition  of  chlorohydric  acid,  diaaolvai  indurated  albumen  within 

A  aimilar  efficacy  ii  aacribed  to  (he  chlorobydrate  of  pepaine,  which  may  be  ob- 
tainad  by  precipitating  the  aolution  by  bichloride  of  mercury,  and  aubjecling  the  pra- 
sipitate  to  the  proceaa  above  described  in  caae  of  the  acetate- 
Mr.  Waamann  hu  remarked,  that  the  pepaine  obtained  from  the  pig  ia  devoid  of 
the  power  to  coagulate  milk,  although  that  of  the  calf  ia  highly  endowed  with  thia 
power. 

Agraeabty  to  aome  comparative  trial*  of  the  aolvent  powera  of  dilute  chlorohydric 
■aid,  witboot  pepiine.  and  one  other  portion  of  the  nme  acid  containing  thia  princi- 
|la,  ll  appaared  that  the  one  waa  endowed  with  all  the  aolvent  power*  or  the  gaatrio 
WM  tn  a  hi^  degree,  at  ordinary  tempenlnrea,  while  the  other,  under  like  circnnk 
Mtacsa,  diaplared  themooly  toan  insgnificant  extant;  bat  whan  the  acid,  without 
papaine,  waa  aided  by  boiling  heat,  ita  advent  powera  war*  aqaal  to  that  of  the  eola- 
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6836.  *'  Gattru:  Juiee. — 'I'his  remarkable  fluid  Bean 
any  priocipie  capable  of  accouniiiig  Tor  iis  solvent  power.  In  the  wfH 
sUmiach  it  is  aeutral,  but  during  (ligeslion  it  becomes  itcicl,  frooi  iteiif^ 
relion  of  Tree  muriatic  Bcid>  According  to  Wasnriiuin  and  oUwrd 
it  coataias  a  peculiar  principle,  PepsitK,  wliicb  has  the  property  of 
ing  food,  and  which  is  obtained  by  the  action  of  water  on  Ihe  will- 
lining  niemliranc  of  the  etornach  of  the  pig.  According  lo  Liiebig,lM*i^ 
pepsine,  as  a  distinct  compound,  does  not  exist.  The  aalutioa  atikimm§ 
membrane,  slightly  acidulated  with  chlorohydric  acid,  ct^rlainiy  imttm 
albumen  and  filirioe,  if  kept  in  contact  with  ihena  out  of  tbs  borirttA* 
ordinary  temperature.  But  none  of  ibese  etfecls  Cake  pikce,  vatm  At 
membrane  has  been  previoualy  exposed  lo  the  air,  and  im  in  aaWry^ 
eompontion.  Hence  Liebig  ascribee  (Animal  Chciai«lry,  lOV  aaf-)  te 
solvent  power  of  the  gastric  juice  lo  the  gradual  decomposilion  of  %  ■<■ 
dissolved  from  the  membrane,  aided  by  the  oxygen  introduced  ia  tJK  «fcn 
Albumen,  itc  when  thus  in  conteet  with  decumposiag  or  fi^Toeaiiig B*' 
ler,  are  rendered  soluble  by  a  new  arrangement  of  Inelp  pnrlirlf  "^ 
accumulation  of  free  cblorobydric  acid,  derived,  no  doubt,  (rcfn  b> 
salt,  at  last  puis  a  stop  to  furiher  change.  The  whole  food  is  naw  hi 
into  the  form  of  fhyme,  an  opaque  homogeneous  fluid,  which 
passes,  first  into  chi/le,  and  finally  inio  perfect  blood,  la  the  dty^  i> 
formation  of  fibrine  has  already  taken  place;  for,  when  diawti,  kaq*- 
lales  spontaneously,  like  blood.* 

58:i6.  "  PancrfOtic  Jaice. — The  fluid  secreted  by  the  paiicrawa|B- 
cd  into  the  duodenum,  and  mixes  with  the  rhyme  as  the  latter  la*ci  4r 
stomach.  It  contains  albumen,  and,  according  to  some, 
acid,  lis  nature,  however,  ie  little  ujiderstood,  and  its  lu 
unknown. 

Bile  and  Biliary  Calculi. 

5827.  "  The  bile  is  a  yellowish  green  visrid  liquid,  secreted  by  ihr  fiiw. 
It  has  a  faint  disagreeable  smell ;  and  its  taste  is  at  first  sweet,  aftrmnis 
bitter  and  nauseous.  Ox  bile  has  been  chiefly  examined,  but  thu  of  bmd 
and  other  animals  is  very  similar.  The  researches  of  Tiedemua  uA 
Gmclin,  of  Bcrzelius  and  Eteman^ay,  have  shown  that  bilp  may  be  indr 
to  yield  a  vast  number  of  different  compounds,  oiosl  of  which  are  productj 
of  decompos  i  l  ion . 

5828.  "The  bile,  according  to  Demarray,  conlnins  so<ia  in  combiMD* 
with  s  peculiar  acid,  ckohte  acid.  When  bile  is  boileii  with  an  escwsa 
chlorohydric  aeid,  il  yields  ammonin,  tauriut,  and  choloidic  and:  uki. 
when  boile<l  with  caustic  poiasli,  ii  yii;jds  carbonic  acid,  ammonia,  wj 
ekolie  arid. 

.■J829.  "  Choleic  Aeid. — When  bile  is  nr-lrd  on  by  alcohol,  crreiio  .m- 
purilics  are  lell  undissolved.     The  purified  bile  gi\es  with  acetate  oi'  'lai  ^ 


ixi^lH  parlly  of  slbuii 


M  ch^Ift  is  dpslinpd  to  bocoaic  bJui>d.  il  may  bs  rua»<mably  expected  to  coolua  d* 

inTerencG)  reipccUng  chyle,  made  in  the  former  edition  of  thi*  Compandium.  iff** 
to  In  unclioned  by  tlioie  uf  Liebig  cxpreated  in  the  teil. 


Tms 
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ifnapitnie  of  chokale  of  lew],  which,  when  acted  on  by  (ulpburettad  hy- 
drogen, yields  cholcLc  add. 

I'  5€30.  "  It  forina  a  yellow  spongy  man,  soluble  in  water  and  alcDbo^ 
which  has  an  acid  rcnctioD  and  a  bitter  taale,  and  is  decomposed  by  heaL 
fl  combines  with  sadii,  forming  a  compound  which  Demar^ay  coniiden  as 
K  soap,  the  eoltitioit  of  which  in  water  has  the  physical  characters  of  bil& 
MbI  although  this  bo  the  case,  and  although  the  compoaition  of  the  chdeic 

Cd  appears  lu  be  the  same  as  that  of  (he  orgaoic  part  of  bile,  yet  we  can- 
.  consider  the  bile  uh  choleate  of  soda ;  for  the  latter  is  decomposed  by 

Mic  acid,  which  has  no  action  on  bile. 

668I>  "  Accordini;  u  the  aoaiyaes  of  Demar^ay  and  Dumaa,  as  calco- 
iUed  lo'  Lichig,  thf!  ibrmula  of  choleic  acid  is  CHmN'O",  and  this  Ibr- 
IBula  may  leprescni  n[«  the  organic  part  of  the  bile. 

6632.  "  When  choleic  acid  ia  boiled  with  chlorohydric  acid,  it  yields 
•mmonia,  taiiriuo,  ami  choleidic  acid.  The  latter,  being  insoluble,  is  6b- 
pDsiled,  and  the  taurine  is  extracted  from  the  mother  liquor  by  conoen- 
bsting  and  adding  n  lai^  quantity  of  alcohol,  when  the  taurine  slowly 
vryBtaltizes. 

6S33.  "  Choloidir  Icid. — This  acid  is  scdid,  fusible,  of  a  yellow  cdoor 
■nd  bitter  tnate,  insi>)iil)le  in  water,  soluble  in  alccJtoL  It  combines  with 
Ijbsm,  neutralizing^  iIktu,  and  forming  salts  which  are  soluble  in  aloobol. 
It  contains  no  nitro^n,  and  its  formula  ia  C*H**0'*. 

5S34.  ■'  Taurine.— This  substance  fbrtns  white'  crystallioe  needles^ 
which  are  soluble  in  water,  and  sparingly  soluble  in  aloobol.  Its  fomnihi 
ia  C«  H'  NO". 

6886.  **  The  production  of  these  subsUuicea  is  easily  explaluedt 

If  from  choIeLc  .eid  C»H"N»0«, 

We  snbtnict  1  »toni  Unrioa    C*  H'  NO*  >  _  r-i  um  »•  nu, 

And  1  atom  unmoDia       .  H*  n        j  ' 

Thera  niatiat  1  atom  eboloidie  >«id  mm  C"  H>*  O'^ 

6836.  "  Cholie  add. — This  acid  is  formed,  along  with  carbonic  acid 
and  ammonia,  when  bile  or  choleic  acid  is  boiled  with  an  excess  of  caustic 
poUsh.  It  is  precipitated  by  acetic  acid,  and  purified  by  alcohol  from  un- 
altered choleic  acid. 

6837.  "  When  pure,  it  forms  fine  needles,  which  are  p(<nnanenl  in  the 
airj  or  large  letraedrons,  which  become  opaque  on  exposure.  It  is  inso- 
luble in  water,  soluble  in  alcohol  and  ether,  it  forms  neutral  salts  with 
bases.     Its  Ibrmula  is  C*  H"*  O",  and  its  formation  is  easily  explained. 

If  from  choleic  icid  C«  H"  N«  0«", 

We  aubtracl  2  atomi  cirbonic  acid   C»  0»  )        _,  „,  p.,  _, 
And  2  aioms  ammonia    .  .      M>  H<  J "  ^  "    "   °^' 

There  remains  1  atom  cholie  acid  .         =  C"  H">  Oi> 

5636.  "  Berzelius  statiis  that  the  bile  is  far  from  being  so  simple  in  its 
GonstilulTon  as  E>cTiiar^ay  supposes;  and  by  a  series  of  ingenious  processes 
has  obtained  from  the  bile  a  number  of  dil^rent  substances,  which  he  has 
named  Bilint,  Biliverdint,  Dytlytine,  Fellinie  Add,  and  CkoUnie  Add, 
basidea  taurine  and  cholie  acid,  as  already  described.  Biline  is  essentially 
the  aane  as  Ocman^y's  choleic  acid  ;  and  it  is  probable  that  most  of  the 
frthera  are  products  of  decomposition.  But  even  supposing  choleic  acid  to 
he  cowpoaod  of  two  or  more  difierent  compomids,  not  isolalod  by  Dema^ 
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^y,  yel,  as  Liebig  has  well  remarked,  (Animal  Chemistrr,  316}  •( 
not  overlook  ihe  fact,  thai  it  is  constant  in  iia  composition,  mad  tbri  im 
this  composition  we  can  deduce  the  principal  pmijucls  of  itae  aOioB  a* 
and  alkalies  on  bile.    It  ia  choleicacid  or  bile  at  a  whole,  *ihMbet  ill*^ 
compound  or  a  mixture  of  several,  to  which  we  hav«  to  look  for  te 
DatioQ  of  the  changes  by  which  bite  may  be  formed  or  dt-cumpovA    Ih 
researches  of  Bcrzelius  have  rendered  ii  probable  thai  cbuluic  ndi  m  •«• 
single  compoundj  but  this  docs  not  atTecl  it^  ubimaic  compoaitiaft  Mr  ' 
relation  to  decomposing  agents.     It  ia  also  clear  that  bile  is  very  fMT 
change  in  almost  all  circumstances,  and  yields  a  great  variety  ot  pMhi 
moat  of  which  have  little  physiological  interest.    For  these  reason*  wt  All 
merely  refer  (he  nader  to  the  elaborate  paper  of  Bcrzelius  tn  tta  fcaip 
journals.    The  resullij  of  Demari^ay  we  have  given  rnore  in  detail;  heo^ 
as  calculated  and  interpreted  by  Liebig,  they  admit  of  direct  nppbcMM* 
physiology. 

583».  "  When  dried  bile  is  acted  on  by  alcohol,  the  pure  bitenrehsh* 
of  soda  is  dissolved,  and  the  residue  is  found  lo  cootaJu  ukicd*,  wlli,  ui 
fatty  matter.  The  latter  consist  of  choleaterine  and  ordinary  (at,  mi  p» 
aibly  contain  a  portion  of  the  peculiar  fats  of  brain.  The  di^ulrcd  peUvfc 
besidos  true  bile,  contains  a  small  portion  of  soaps  of  margaric  ud  ^v 
acids  with  soda. 

S840.  "The  sugar  of  bile  or  picromel  of  Gmelin,  so  called  fmni  iMWVi 
and  bitter  taste,  appears  to  be  choleic  acid  or  biline,  altered  by  the  (XM* 
to  which  it  has  been  subjected. 

5S41.  "  Biliary  Calculi. — The  concretions  which  form  in  the  pAUt^ 
der,  and  are  often  the  cause  of  much  sufiering,  are  almost  altrayi  osopH' 
of  choleslerine,  with  more  or  less  colouring  matter.  Hot  alcobol  Aaal** 
the  cholesterine,  and  deposits  it  in  shining  scales  on  cooling.  TbHB  atai 
have  often  a  form  nearly  cubical,  and  a  pearly  lustio. 

6842.  "  Lithofellic  Acid — This  acid  has  recently  l)r.?n  ,!i~xT-^-'  H 
Goebcl  in  a  biliary  concretion,  and  appears  to  he  (ho  r-h;-  r'  ■  . 
the  concretions  called  Acsoar  a(on«3,  which  occur  in  herbivoroui  w^alv 
According  to  Ettling  and  Will,  its  formula  is  C*°  H"  O.  It  is  «)1bI^  io 
hot  alcohol,  and  forms  a  crystalline  powder  on  cooling.  It  is  ioscdaUc  io 
water,  and  forms  with  alkalies  soluble  soaps,  with  oxides  of  lead  aodalnt 
insoluble  compounds,  it  is  dccom|K>scd  by  heat,  and  when  acted  oa  k« 
nitric  acid  yields  a  new  acid. 

5943.  "  According  to  Liebig,  who  deduced  the  above  formula  frcNDlkr 
analysis  of  Billing  and  Will,  lithofellic  acid  may  be  formed,  along  nk 
hippuric  acid,  by  the  oxidation  of  choleic  acid. 


1  eq.  choleic  acid,  C"  H"  N"  0«  / 
and  10  eq.  aijgsa,  O"  i 


CHeq.  luppur 


C"  H"  N'  O"  O*  H"  >■  0« 


.1844.  "Excremenli. — The  excrements  of  man  contain  about  ooe-f(w(*k 
of  their  weight  of  solid  mailer.  The  ashes  of  dry  feces  amount  lo  IXU 
to  15.00  per  cent.,  and  are  composed  of  phosphates  and  other  salts.  TV 
excrements  also  contain  nitrogen,  and  yield  ammonia  when  they  nitntj. 
The  value  of  night-soil  as  manure  depends  on  the  salts  and  anunooia  otii 
fnces,  and  also  in  a  great  measure  on  the  ammoniacal  and  other  mIu  ei* 
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rine.  Tbm  cdcMir  of  fsEoe*  is  generally  said  to  be  owiDg  to  bile;  but 
g  states  tbat  tbere  is  ooly  a  mere  trace  of  bile,  if  any^  to  be  fbond  in 
eces  either  of  man  or  animals.  The  yellow  matter  of  fieoea  is  insolii* 
I  alcohol,  with  the  exception  of  a  small  proportion,  and  even  that  has 
le  characters  of  bile. 

45.  ^^Lympk. — ^The  lymph  of  cellular  membrane  is  water,  with  a 
trace  of  albumen  and  of  common  salt.  The  lymph  secreted!  by  the 
8  membranes  is  much  more  highly  charged,  containing  seven  or  eight 
aou  of  albumen  and  salts.  It  coagulates  when  heated,  or  by  the  ac* 
if  nitric  acid.  The  liquor  amnii  and  the  fluid  of  hydatids  is  similar; 
le  fluid  of  dropsy  is  said  to  contain  urea,  and  to  have  cholesterine  sos- 
id  in  it. 

16.  ^*  Mucus. — This  is  the  secretion  of  the  mucus  membranes.  When 
,  it  leaves  six  or  seven  per  cent,  of  yellowish  solid  matter,  of  which 

five  parts  are  mucus,  the  remainder  albumen  and  salts.  Mucus  does 
flsolve  in  water,  but  swells  like  tragacanth  into  a  viscid  mass.  It  dis- 
I  in  caustic  potash. 

17.  **  Put  is  the  matter  secreted  by  ulcerated  surfaces.  When  lieahhy, 
.  thick  yellowish  liquid,  formed  of  opaque  slobules  floating  in  a  clear 

When  mixed  with  water,  the  globules  fall,  forming  a  yellow  insolu- 
dimeiit.  Pus  contains  about  14  per  cent,  of  solid  matter,  and  is  eo> 
tod  by  heat  and  by  acids.  It  contains  albuminous  matter,  fatty  mat* 
id  salts. 

t8.  **  The  matter  of  the  globules  of  pus  is  similar  to  that  of  the  glc^ 
of  Mood,  or  globuline.  Pus  is  distinguished  from  mucus  by  the  mi* 
9pe,  or  by  the  action  of  caustic  potash,  with  which  pus  becomes  thick 
Dpy,  while  mucus  forms  a  thin  solution. 

Urine  and  Urinary  Calculi. 

{9.  ^Urine. — This  important  excretion  is  separated  from  the  arterial 
in  the  kidneys.  It  has  a  pale  yellow  colour,  and  a  peculiar  smell. 
Asity  varies  from  1.012  to  1.030.  It  has  an  acid  reaction,  or  is  neu- 
lUt  never  alkaline  in  a  state  of  health. 

M).  **0n  standing,  it  deposits  a  slimy  mucus-like  substance,  secreted 
the  lining  surface  of  the  bladder.  This  mucus  acts  as  a  ferment,  and 
I  the  urine,  afler  a  time,  to  undergo  decomposition ;  for,  when  it  is 
ited  by  the  filter,  the  urine  may  be  kept  unchanged  for  a  much  longer 

»1.  "  When  spontaneous  decomposition  has  taken  place,  the  urine  is 

[ie  from  the  presence  of  carbonate  of  ammonia,  derived  from  the  urea. 

contains  about  seven  or  eight  per  cent,  of  solid  matter,  the  remainder 

water. 

»2.  **  The  characteristic  organic  principles  of  urine  are  urea  and  uric 

6359,  5361).     The  urea*  has  been  recently  declared  by  Cap  and 

fnomalouM  Cyanate  of  Ammonia;  Urea. — Discovered  by  Fourcroy  and  Vao- 
in  urine,  by  Wdhler  as  the  6rst  organic  compound  artificially  produced.  It 
Mtituent  of  uric  acid,  and  is  contained  in  the  urine  in  combination  with  lactic 
lenry).  Urea  is  also  a  product  of  the  reaction  of  cyanogen  on  water  when  a 
D  of  that  gas  is  allowed  to  undergo  spontaneous  decomposition  (Pelouze  and 
d«on). 

sp.— By  mizinff  fresh  urine  evaporated  to  the  conaiatence  of  a  syrop  at  a  gea- 
t,  whieh  ahoald  never  reach  that  of  ebullition,  when  still  warm,  with  its  own 
I  of  cokmrloM  nitric  acid  of  ap.  gr.  =s  1.49.    If  the  evaporation  has  boon  ear. 
74 
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Henry  to  be  oombined  with  lactic  add ;  but,  m  repeating  tbeir  expn 
the  editor  has  always  obtained  pure  urea  instead  of  ibe  lactate.  1 
appear,  therefore,  chat  in  some  individuals  it  occurs  oncooibiDedi,  ii 


o  Ume.     Tba  crj<il 

conains  oi  k  compound  of  nitric  acid  >nd  uiM,  which  ia  BpaHngly  aolvMi 
acid.  By  the  actian  of  the  nilrio  a^-id  on  thg  warm  Hiation,  heat  u  dm^ 
eOeneBCeace  ensuea.  Thie  is  ehipth  owing  to  tha  deatractionof  the  eoliM 
inlj  ia  Dot  d 


foims,  from  the  first,  nsarly  whilo  .:mtal>  of  nilnto.  AA^ben  ootd  ia  lap) 
oordinj  to  the  method  formerly  rccoioinondod,  the  cryatala  are  T017  bnin 
purified  with  difficult;.  It  ii  advisable  lo  leparite  from  tha  iiii|iiiUi< 
much  Bi  poaaible  a(  tna  cbloridea  it  eonuina,  bj  crjstallixation,  bcfcn  ad 
□ilric  Bcij  (Cap  and  Henrj), 

"  A  BolutioD  of  tbe  colourleH  crjrtala  of  the  nitnta  of  area  ia  tnatid 
bonale  of  baryta  unlil  it  ia  rendered  perfactljr  neutraJ;  on  erapoixtiaf,  o 
nilnte  of  barjla,  and  then  of  ure-n,  will  be  obtained.  The  cryatala  of  Sal 
being  rediaaoEved  in  a  lillle  cold  vi-uIht,  are  freed  fram  the  laat  portknaif  d 
of  baryta;  the  aolution  in  alcnliol  ^>iT8i  cryiUls  of  pure  area  (Wohlat). 
aUlea  that  coloured  crytlala  of  uitu  are  beat  decolorized  by  a  little  peiBBB| 


polaah,  which  desCroya  ibn  colouring  mi 
cesB  of  the  rail  ia  ri^moved  b;  alcohol, 


wMcb  cooveita  it  into  paiozidia 


lean  oT  uaine  nunc  ana,  iiie  conceniraiaa  anna  may  M  •Odaaia 
id  aalntion  m  ozalio  acid,  wheo  the  iparingly  aoliibla  oxalata  of  a 
aAer  being  deprived  of  ila  colour  by  charcoal,  may  be  Junjiuuiid 
le  oxalate  of  lime  and  pore  urea,  by  being  dilated  with  poandedck 
It  can  alio  be  prepared  by  the  decompoaition  of  the  cyanala  d 
'         loniao,  et  of  the  cyanate  of  oiide  of  leai]  by  ptu*  or  aai 

"  Prtf. — Cryitalliiei  in  coloarlaaa,  Iranaparent,  foar-aidod,  aonaawkal 
prinoa,  of  the  ip.  gt.  1.35,  i*  aoluble  in  its  own  weight  of  cold,  and  is  erar 

tioninhotwatar,  in4.5pertiDfcold,atid  in  2  parte  of  boiling  alcohol:  tta 
•ointion  ha*  a  cooling  bitter  laats  lilie  nitre  ;  when  pure,  it  i*  perfectly  fi 
in  tha  ^r,  ii  not  deliquescent,  faeea  at  2Sn°  into  a  colourleaa  Uijoid,  ia  M 
by  a  higber  temperature  into  ammonia,  emanate  of  ammonia,  and  dry  add 
acid.  Alkaiiea  do  not  caute  the  separation  of  ammonia  in  the  cold  I'm 
several  acida  without  decompOEition  (o  cryslallizalde  saline  ci>Tii[Kiiirid>  * 
rating  ila  solution  with  nitrate  of  silver  or  acctalp  of  ieod  it  is  decoiiip«»J.' 
ducta  being,  wit)i  the  iirat,  nitrate  of  ammonia  mid  cry  stall  ine  cvanate  of  dv 
the  second,  acetate  of  ammonia  and  carbonate  of  lead.  With'bvp<>niIn>B 
inatanlly  decomposed  into  nitrogen  and  rarbonic  ncid  gases,  which  arr  ei 
equal  volumes;  with  chlorine  it  forma  hvdrocbloric  acid,  nitrn^en.  and 
acid.  When  fused  with  the  hydraled  alhahrs.  or  healed  in  concentrated  1 
acid,  it  ia  decomposed  together  wilh  Ihc  constituenu  of  three  cq  of  wiitr 
bonic  acid  and  ammonia.  Urea  contains  tlic  tlciiienls  of  cvanate  of  an>ni"Di: 
-f.  C'NO):  it  may  also  be  conndered,  according  to  Dumas,  ■■  a  second  com 
carbonic  oxide  and  amide,  in  which  the  niianlily  of  the  latter  is  double  thi 
amide  C'0'  +  2N  HI, 

"Mtrate  of  Vrta —This  compound,  when  recently  precipitaird  from  a 
peara  in  the  form  of  hne  crystalline  plates  of  a  brown  colour  and  motb*i 
lualrei  the  purer  Ihe^  are,  Ihe  more  Ihcy  lose  tlii^  appearance  ■  a  aolutwe 
urea  treated  wilh  nitric  acid  gives  a  granular  wlnir  crvstalline  prcciniUir. 
soluble  in  eight  parts  of  cold,  but  more  freely  in  hot  »uicr.  from  which  .1  en 
in  broad,  scarcely  Irnrislucent  plalea;  is  sparingly  aoluble  in  mine  and.  w-t 
it  may  be  boiled  without  dccompoaitioD.  Is  cumpoied  of  one  eq.  of  tiitiic  1 
of  urea,  aud  one  of  water  jRcgnault)." 


aah  ii  prepared  by  roaalmg  Ihe  cyanoferrile  of  polasaium.  Aquous  aolulioi 
cyanntc  thua  obloined,  and  of  sulphate  of  ammonia,  being  mingled,  the  aj 
ia  subjected  to  boiling  alcohol,  which  lakes  up  the  urea  only  On  cooling.  I 
crystalliies,  and  may  be  rendered  purer  by  rccrvslalliiation  from  the  me 
struum.     Kane,  UM. 


I 
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^^JnCtate.  It  U  not  known  precudy  in  what  state  of  combination  the  uric 
^Jflii  occurs;  but,  when  it  is  not  deposited  sponlaQeouelj',  it  appears  od  the 
^^jlUitioii  of  an  acid,  and  the  spoolaneous  dopoaition  of  it  is  probably  owing 

ft  Ihe  ptesence  of  fT«e  acid  in  iinuauai  quantity. 
^^,»  6853.  "  The  proportion  of  urea  has  been  (bund  by  Lecanu  to  be  lolera- 
TjMf  uniform  in  the  same  individual,  but  to  vary  much  in  different  iieraons. 
■nmH  larger  in  adult  men  than  in  women,  and  least  of  all  in  old  people  and  ' 
-?ilJfcJ'  y<"""g  children.  The  proportion  of  uric  acid  varies  in  s  similar  way. 
,  gVbB  Gitlowiiig  analysis  of  urine,  by  Uerzebua,  will  give  a  view  of  the  usual 

.m.r'          Vnt  30J0 

Una  uid       .......  l^ 

^,it  Luitia  Mid,  liLsbita  of  unmonia,  uiil  uiinial  mitter  ad- 

hering  to  them              -           -            .            ,            .  17.U 

MacuiofihobUddor 033 

Satpliatcof  potuh               .....  3.7I 

Sulpbileofiods       ......  3.13 

,            PhcwphaU  of  Boda     ......  3.M 

PhnphileofamnioDia         .....  j.65 

,.             Chloride  of  loiiiura               .....  4.45 

Hydrochlorale  of  ammoni*                ....  1.50         ■-■ 

„              Euthj  mattera,  with  a  tracs  of  flaorida  of  oaloiam            -  I.OO 

Siliceoui  oacth          ......  0.03      • 

1000.00       '"' 

ftH54,  "Scharling  has  recently  examined  the  brown  organic  matter 
which  gives  ibe  colour  to  inspissated  urine,  and  seems  also  to  be  the  source 
,  of  its  peculiar  odour.  He  obtained  a  brown,  fusible,  resinous  mass,  having 
a  strong  odour  of  castoreum  when  dry,  and  a  urinous  smell  when  boiled 
with  water.  He  calls  it  oxide  of  omichmyle,  (from  a*ujKF"*.  urine,)  and 
suppoMS  it  to  contain  a  radical,  omichmyle,  the  comprisition  of  which  \»  still 
unknown. 

6i^5S.  "  When  urine  is  distilled  with  an  excess  of  nitric  acid,  there  are 
formed  several  products,  among  which  Scharling  states  that  he  has  observed 
benzoic  acid,  and  an  acid  containing  chlorine  derived  from  the  salts  of  the 
urine  This  acid  appears  also  to  be  formed  when  oxide  of  omichmyle  is 
distiUed  with  nitromuriatic  acid.  From  his  analysis,  Scharling  deduces  the 
'  Jbnnubi  C*  H*  CI  O*  +  HO,  which  represents  benzoic  acid,  in  which  one 

a  of  hydrogen  is  replaced  by  one  eq.  of  chlorine.  It  is  also  isomeric  with 
oride  of  salicule  or  chlorosaliculic  acid  (5S36). 

5856,  "Along  with  this  acid  there  is  formed  a  volatile  greenish-yellow 
al,  wliicli  Scharling  found  to  contain  twice  as  much  chlorine,  and  the  ele- 
ments of  nitric  acid.  This  compound  he  calls  nitro-chloromichmyle.  When 
beaied  with  acids,  it  is  decomposed,  and  yields  another  oily  matter,  chloro 
nuchmyle.     All  these  observations  require  confirmation. 

SSAT.  "  The  urine  of  hcrbivora  is  alkaline,  and,  when  the  animals  are 
■tall-fed,  contains,  besides  urea,  hippuric  acid;  but  when  they  live  in  the 
open  air,  or  nre  forced  to  labour,  benzoic  acid  alone  is  found. 

5S56.  "  The  urine  of  the  carnivora  is  acid,  and  contains  phosphates  and 
sulphates  of  ammonia  and  soda,  as  well  as  uric  acid  and  urea. 

9959.  "  The  urine  of  serpents  and  of  birds  la  of  a  soft  semisolid  consist, 
ence,  and  dries  into  a  mass  like  chalk.  It  is  almost  pure  urate  of  ammo- 
nia,  but  contains  a  small  quantity  oTpbosphataa. 
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688(1.  "Urinary  Caltitdi. — The  most  abundant  catculi  an  tfaoMofMi 
(Kid.  They  have  generaily  a  fawn  colour,  are  soluble  in  csiutie  f 
and  precipilaied  from  the  solutioa  by  acids.  They  oIho  ciiaaol*B  ii 
acid  with  the  aid  of  heat;  and  the  solution,  when  gently  ^vaponUdtoh^ 
neeS)  leaves  a  purple  stain  of  inureside.  This  spociea  of  calcului  mMB) 
consumed  befora  tlic  blowpipe,  leaving  a  mere  trace  of  nsliea. 

5861.  "Urate  of  Ammonia  occa^onally  forma  a  cdlculuo,  wbkftfe 
tinguished  from  the  former  by  giving  out  ammonia  when  digiHlflil  nfc  | 
aah. 

68(12.  "  Bone-earih  forms  a  common  calculus,  which  is  eartky,  ak 
in  diluted  acids,  except  acetic  acid,  insoluhli^  in  polosh,  and 
by  heat. 

6868.  "  AmmoniacO'Tnagnegian  PkarphaU  also  occurs  pr«tiy  fixjHirffk 
It  is  the  same  double  salt  which  forms  wheoever  magnesia,  {ikafkaS 
acid,  and  an  excess  of  ammonia,  are  brought  logelber.  It  is  ■  ■■  - 
acetic  acid,  and  precipitated  again  by  ammonia.  It  has  oAeo  a 
aspect.  When  heated,  it  gives  off  ammonia,  and  leaves  phoepbatooTaip 
nesia. 

6864.  '^Funble  Calculus. — This  very  common  calculm  is  a  i 
the  two  preceding.  It  is  white  and  chalky,  and  melts  esailjr 
blowpipe.     Acetic  acid  dissolves  part  of  it,  hydrochloric  acid  the  _ 

6868.  "Oxalate  of  Lime,  or  Mulberry  Calcultia,  haa  ■  daHt.«riMiri 
rough  surface,  and  is  very  hard.  It  is  insoluble  in  acetic  acid;  bK*ta 
healed  to  redness,  it  is  couverled  into  carbonate  of  lime,  which  diMiBB 
acids  with  effervescence. 

5866.  "Xanthic  Oxide  is  a  rare  calculus,  first  observed  bj  Or-  lll(a& 
It  has  a  light  brown  colour,  and  becomes  resinous  by  frictioD.  Il  Awba 
in  caustic  potdsh,  and  is  precipitated  from  the  solution  by  curbeoic  mA 
It  disaolves  in  nitric  acid  without  eflervescence  {  and,  wbea  cnfonB^ 
leaves  a  yellow  mass.     Its  formula  is  C'  H»  N'  O'. 

5867.  "Cyilic  Oxide  is  al.w  very  rnre.  Discovert^  bv  Wr.r.nit  It 
is  yellowish- while  and  cryslalline,  with  a  waxy  lustre.  It  dtmhB  a 
caustic  potash,  and  is  deposited  from  the  solution  in  hexagonal  fJiM  ^ 
the  addition  of  acetic  acid.  Il  also  dissolves  in  ammonia  and  the  bhoI 
acids;  with  the  latter  it  forms  crystalline  compounds.  When  its  nhin 
in  potash  is  heated,  ammonia  is  first  given  olf,  and  aOerward.i  a  njHihrf 
bte  vapour,  with  the  odour  of  sulphurel  of  carbon.  Its  fomiula  is  O  H* 
NS»  O*. 

5868.  "Both  the  preceding  species  are  entirely  consumed  befim  ih 
blowpipe. 

6669.  "  Calculi  sometimes  occur,  in  which  layers  of  uric  acid  alKTMB 
with  layers  of  phosphate  of  lime,  ammoniaco-magnesian  pho«phate,  ud  h- 
■ibie  calculus. 

Change*  ^ekieh  o> 

5870.  "  When  wu  consider  that  ihe  food  of  vegetables  and  of  animb  ii 
either  altogether  different  from  their  substance,  or  pas!*s,  before  bfiai 
assimilated,  into  a  new  form,  we  cannot  hesilnle  to  admit  that  the  imtn- 
tion  and  growih  of  both  classes  of  organized  beings  depend  on  cbenioi 
agencies,  although  these  operate  under  peculiar  conditions,  and  an  iii0B- 
enced  by  the  unknown  forrj^  which  we  call  Vitality,  so  as  to  produce  (•■ 
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LlriU  ihai  CBonol  be  imilaled  by  the  chemist  in  hia  wqwment*  on  dead 
(BMtler. 

■  6871.  "The  food  oC  vSgelablcs,  «9  for  as  their  orgnnic  structure  u 
itPBoemed,  consists  entirely  of  inorgnnic  ornpouads;  aad  no  oi^nisod 
ilbdy  can  serve  for  the  nutrition  of  vegotalili  -  until  it  has,  by  the  processee 
IF  decay  or  putrefaction,  be«n  resolved  into  <;<  riain  inorganic  ■ubBtsnce*> 
,r  68T2.  "These  are  carbonic  acid,  watii,  <iad  ammoaia,  which  are  well 
ihkown  to  be  the  final  products  of  putrefnciiun.  But,  even  where  these  an 
Aqtplied  to  vegePables,  ihcir  growth  will  not  proceed  unleai  certain  mioenl 
j|>liiiliiiii  I II  are  likewise  furnished  in  small  quaQlily,  either  fay  the  soil,  or  in 
fte  water  used  to  moisten  it.  Almost  every  plant,  when  burned,  leafcs 
Mhes,  which  commooly  contain  silica,  poinsh,  phoaphate  of  lime;  often 
i«bo  magnesia,  soda,  sulphates,  and  oxide  of  inn.  These  mioenl  bodiM 
j|ipeario  be  essential  to  the  existence  of  the  v^etaUetiNDeB,  oo  that  ^antt 
erOI  not  grow  in  soils  destitute  of  them,  however  tbinxlaDtly  auf^lied  with 
ourbonic  acid,  ammonia,  and  water.  ' 

6S78.  *■  In  the  process  of  germination,  oxyj^  is  abaorbed,  heat  ia  given 
on,  and  in  some  cases  at  least  an  acid,  said  to  be  the  acetic,  is  fonned,  Ibtt 
■ae  oT  which  appears  to  be  to  extract  from  the  aoJl  the  beaea  necesMry  for 
die  future  progress  of  the  plant.  The  starch,  or  albameo  of  the  seed,  b»- 
eomca  solubh*,  and  in  the  juice  undergoes  ccTtaiD  cbangei,  ij  which  the 
woody  fibre  or  lignine,  required  for  the  stem  and  leaves,  ia  produoed ;  but* 
m  soon  as  leaves  and  roots  are  developed,  iho  further  nutrition  of  the  plant 
depends  on  their  power  of  absorbing  from  the  atmoepbere  and  the  soil  the 
matteri  whi^  constitute  the  food  of  the  plnnt. 

9HT4.  "  According  to  Licbig  (see  his  A^ricaltural  CfiemiatTy),  the  whole 
sT  the  carbon  is  now  derived  from  cartioiiir  iicid,  which  is  either  abaoriied 
from  tbe  almoHfiherc  niid  min-waier  bv  Mi-:'  leaves,  or  from  the  RKMsture 
and  air  in  the  soil  by  the  roots.  Its  carbon  is  retained,  and  its  oxygen 
given  ont ;  this  decomposition  being  effected  in  the  plant  at  all  times  when 
esposed  to  the  action  of  light,  along  with  a  certain  temperature. 

0878.  **  The  hydrogen  and  oxygen  of  vegetables  are  derived  from  wn- 
"  I  the  reader  will  here  observe,  that  the  great  mass  of  vegetablea, 

I  of  lignine,  starch,  gum,  &c.  is  actually  composed  of  carbon 
ysaa  water. 

flSTft.  "  The  nitn^n  of  vegetables  is  derived  chiefly,  if  not  exeluaivHy, 
frOD  ammonia,  which  is  supplied  to  them  in  rain.  Liebig  has  shown  be- 
jond  all  doubt,  (hat  rain-water  always  contains  more  or  less  carbonate  of 
aaoDMHiia.  If  we  acidulate  pure  rain-water  with  a  little  sulphnric  acid,  and 
anporaie  to  a  small  bulk,  the  addition  of  lime  causes  the  disengagement 
«f  ammonia,  easily  known  by  its  pungent  smell.  It  is  remarkable  t^at  the 
annnooia  of  rain-water  has  always  a  putrid  smell,  which  indicates  its  origin. 
In  6ct,  it  is  derived  from  the  putrefaction  of  preceding  races  of  animals  and 
vegetables,  and  must  at  all  times  exist  in  the  atmosphere,'  although  its  rela- 
tive quantity  ia  so  small,  that  it  is  not  easily  detected  until  it  has  been  accu- 
mdated  in  rain,  which,  in  passing  through  the  air,  dissolves  it  readily,  and 
eoDveya  it  to  the  earth. 

B677.  "  It  is  also  to  be  observed,  that  the  soil  itself,  like  all  porous  bo- 
Jha,  possesses  the  property  of  absorbing  ammonia,  and  therefore  will  attract 
itflom  tfie  atmosphere.  Alumina,  peroxide  of  iron,  and  humus,  all  absorb 
ammonia  powerfully.  Gypsum  (sulphate  of  lime)  and  other  sulphates  c(mi- 
VM  the  carimnale  ^  ammonia  into  the  more  fixed  sulphate,  which  n 


584  (MOAinC  CHBMISTRT. 

in  tbe  soil  till  abaorbed  by  tbe  roots.    This  explains  ia  a  frieal  mMatii 
use  of  these  iagredieDts  in  fertile  soils. 

5878.  "  It  is  ouly  under  the  influeoce  ol'  light  thai  planls  eu  dM» 
pose  carbonic  acid,  fixing  its  csrboD  and  MUing  Tree  its  oxygen.  Di^ 
the  night,  on  the  contrary,  they  undi::!^  a  kind  ofslow  coiiibustM(k«>}fi 
bang  absorbed,  and  carbonic  acid  forined.  Hm  llie  tuilance  in  thwoHNH 
alternation  is  vastly  in  Tavour  of  the  procet^s  b>'  uhicti  oxygen  n^im 
the  atmosphere,  for,  the  whole  carbon  of  a  liin'si.  for  example,  betB|riMiMd 
from  carbonic  acid,  an  equivalent  quaDtil\  of  oxygen  must  hm  kiM 
liberated  j  and  this  consideration  alone  eosM's  us  to  explain  (be  fal,  ttl, 
notvithstanding  the  enormous  amount  of  oxygen  withdnwn  fnvAaifr 
mospbere  by  the  respiration  of  animals,  b)  combustion,  by  pal  '  ~ 
and  by  (be  action  of  vegetables  during  the  iiighl,  in  all  of  which 
tbe  oxygen  is  coovertedinto  carbonic  a<nd  ol'  ci|ual  volume,  the  fi 
of  oxygen  in  the  atmosphere  does  not  diminish,  and  ihai  of  carbouE 
does  not  increase. 

5879.  "  From  these  connderatic«ui  it  af>|iear$  that  there  mvt  alsB^ 
exist  a  balance  or  fixed  proportion  between  the  ex.istiog  amount  al  ataai 
and  that  of  vegetable  life.  Where  onimali-  ^ibouod,  and  where  ihb  au)j 
on  the  usual  operations  of  civilized  life,  then  -.  carbonic  acid  must  be  lu|^ 
ibrmed.  But  this  carbonic  acid,  in  yielding  ii-^  carbon  to  Tegdatioa, fM 
also  its  oxygen  to  restore  the  purity  of  the  cir,  aod  support  again  iba^P 
lation  of  men  and  animals.  Again,  the  decny  and  putr^laciion  of  t^w- 
mals  and  vegetables  yield  carbonic  add  and  mmnonia,  the  very  sbMhs 
which  form  the  food  of  a  new  race  of  vegei.iblf^s:  and  these  agaiiiO^ 
bute  to  the  nourishment  of  new  animals;  bu  liinl.  in  this  nni  riiiaag  W* 
of  chemical  changes,  the  death  of  one  generaiion  supplies  tiie  rrmai  t^i^ 
to  that  which  is  to  follow. 

5880.  "  It  has  Img  been  tbe  prevailing  opinion,  that  the  carbon  of  f^* 
is  derired  directly  from  humua  or  humic  add  existing  in  the  soil,  tkAB 
supposed  to  be  absorbed  in  the  form  of  a  soliiiinn  in  water,  or  as  ^^■ft*f 
ammonia;  but  it  must  be  admitted,  as  Lieb  ^  hiis  shown,  tliai  thsrf  it  ■" 
evidence  whatever  that  humus  is  directly  absorbed  by  plajiU.  [!■•.»• 
il  exists  in  the  soil,  is  almost  entirely  insolu'>k'  in  water,  and,  wbcaa>ii>- 
ble  form  occurs,  the  solution,  however  weak,  is  always  of  a  dark  hw^ 
colour;  whereas  the  juices  of  plants,  when  first  absorbed,  are  wluudw 
Again,  humic  acid,  as  described  by  chemists,  never  occurs  ia  aotis,  Wa* 
product  of  the  action  of  alkalies  on  humus,  and  besides  forms  aoluUVM 
dark-coloured  as  those  of  humus.  Good  ferhle  soil  digested  with  coU  ^ 
let  yields  to  it  no  colour;  water,  fillering  through  such  soil,  pssMMoaiOB^ 
less,  as  may  be  daily  observed;  nay,  moss-waler,  which  is  actually  «ol«- 
ed  brown  by  humus,  is  decolorized  by  passing  through  a  good  lenilt  i^ 
containing  humus;  finally,  a  pcaly  soil,  which  contains  nmre  humsi  iWs 
any  other,  is  noloriously  barren. 

5S81.  "On  the  other  hand,  the  first  vegetables  which  prvw  on  lh«««4 
could  not  have  derived  their  carbon  from  humus,  which  is  a  prududef  thr 
decay  of  vepJlables,  but  could  only  have  oUiiinod  it  from  csrboeie  sdd. 
and  if  this  source  of  carbon  wore  then  sufiicienl,  thrre  is  no  nvsoa  talwt 
for  another.  Besides,  if  we  reflect  on  the  ciilrt'nie  luxurianj-e  of  if^itStiM 
in  uninhabited  countries,  where  the  soil  has  never  been  manuml.  wecssoK 
fail  to  perceive  (hai  the  carbon  of  ihsl  vegrlation  must  liavc  been  cWlj 
derived  from  the  nimosphere;  and  when,  in  addition  to  this,  ««  find  tfc* 
the  proportion  of  hiimu«  in  nil  soils  bearing  vegeiation  increa«^  ratbsrtkw 
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CmiDishes,  in  spile  orthf^  vast  unounl  of  carbon  aDuually  accumulated  and 
ntDovc^  in  the  crop9,  we  are  oompelled  to  adopt  ibe  same  conclusion. 

6H^'i,  "  Tills  latter  cooaideratioD  shows,  that  the  humus  and  olber  or* 
puiic  matters  in  mnnEirr:^  do  not  act  directly  in  furnishing  carbon,  and  that 
Ibeir  use  chielly  [l'?pr:n<K  on  other  ingredients.  These,  as  Liebig  has  de- 
monatraled,  arc,  first.  Lhr  ammonia  tney  contaiu  or  yield  by  putre&ction ; 
ind,  srconrlly.  the  miiiE-'ral  bodies,  auch  as  potash,  phosphate  of  lime,  Stc, 
pond  in  their  ashes. 

f  tS93.  "  But,  Bllhoiigh  there  is  no  evidence  that  humus  is  directly  absorb- 
M  by  plants,  and  the  ptit-nomena  of  peat  and  mossy  soils  prove,  that  the 
nlnbie  forms  of  humus  are  unfavoumble  to  vegetation,  yet  it  cannot  be 
loubted  that  humus  or  mould,  both  of  the  soil  and  the  manures,  performs 
lA  important  fuiu^tion.  It  slowly  and  gradually  undergoes  combustion, 
fMdintf  a  cooslani  and  steady  supply  of  carbonic  acid  in  moderate  quanti- 
ty.  Tain  is  partly  absorbed  by  the  roots,  and  partly  rises  into  the  atmo«- 
dwre  to  be  absorbed  by  Itie  leaves;  but,  as  the  proportion  of  humus  in  the 
nil  does  not  diminish,  that  which  is  thus  consumed  is  probably  restored  to 
be  soil  by  the  secrciioiis,  or  rather  excretions,  from  the  roots. 

5884.  "  Kumus  rIso  probably  acts  by  absorbing  and  fixing  the  ammonia 
tflbcatmosphrre. 

568S.  "  Aci^irding  to  the  views  above  staled,  which  have  been  admira- 
lty laid  down  by  Liebig  in  his  Agricultural  Chemistry,  the  chief  use  of 
naoutes  is  not  to  suppiy  plants  with  carbon,  but  with  ammonia  and  inor- 
;aoie  matters.  Evtry  plant  requires  certain  mineral  substances,  without 
rhich  it  cannot  prosper ;  nod  a  soil  is  fertile  or  barren  for  any  given  plant, 
iccordin^  as  tt  conlnins  these.  Thus,  the  ashes  of  wheat^straw  contain 
nuch  silica  and  potash,  while  the  ashes  of  (be  seeds  contaiB  pboaphate  of 
iRimonia  and  magnesia.  Hence,  if  a  soil  be  deficient  in  any  one  of  these, 
t  will  not  yidd  wheat.  On  the  other  hand,  a  good  crop  of  wheat  will  ox- 
MUisI  the  soil  of  these  substances,  and  it  will  act  yield  a  second  crop  till 
hey  have  been  restored,  either  by  manure  or  by  the  gradual  action  of  the 
realber  in  disintegrating  the  subsoil.  Henoe  the  benefit  derived  from  fal- 
>ini  and  from  the  rotation  of  crops. 

0886.  **  When,  by  an  extraordinary  supply  of  any  one  mioeial  ingre- 
lieot,  or  of  ammonia,  a  large  crop  has  been  obtained,  it  is  not  to  be  expect- 
ed  timt  a  repetition  of  the  same  individual  manure  next  year  will  produce 
be  aaine  effect.  It  must  be  rentembered,  that  the  unusual  crop  has  ex- 
Musted  the  soil  probably  of  all  the  other  mineral  ingredients,  and  that  Ibey 
fteo  must  be  restored  berore  a  second  crop  can  be  obtained. 

A867.  "The  salt  most  essential  to  the  growth  of  the  potato  is  the  double 
lioaphate  of  ammonia  and  magnesia;  that  chieHy  required  for  hay  Js  phos< 
ihete  of  lime;  while  for  almost  all  plants  potash  and  ammonia  are  highly 
iSDeficial. 

5888.  "From  the  principles  above  mentioned  we  may  deduce  a  few 
rahmUe  conclusions  in  regard  to  the  chemistry  of  agriculture.  First.  By 
ixamining  the  ashes  of  a  thriving  plant,  we  discover  the  mineral  ingredients 
vhicb  must  exist  in  a  soil  to  render  it  fertile  for  that  plant.  Secondly.  By 
ixamining  a  soil,  we  can  say  at  once  whether  it  is  fertile  in  regard  to  any 
dants,  the  ashes  of  which  have  been  examined.  Thirdly.  When  we  know 
fae  delects  of  a  soil,  the  deficient  matters  may  be  easily  obtained  and  added 
o  it,  unmixed  with  such  as  are  not  required.  Fourthly.  The  straw, 
esTca,  Stc  of  any  plant  must  be  the  best  manure  for  that  plant,  since  every 
ngetaUe  extracts  from  the  soil  such  matters  alone  as  are  essential  to  it. 
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This  ImpoilaDt  principle  has  been  amply  vcrifii^J  bj-  the 
the  use  of  wheal-3traw  or  its  ash&j  as  niamire  Tor  wheat,  and  of  ikt  d^ 
pings  oflhe  vines  as  niauure  for  the  vineyard.  Whepa  these  an  w  '  "~ 
Other  manure  m  retiuired.  Fillhiy.  In  ihe  rotation  oC  crops,  thoff 
be  made  lo  follow  which  require  diSereni  minerals;  or  a  crop  »h«AM 
tracts  little  or  no  mineral  matter,  such  us  peas,  shuuld  coaie  allcr  tat  «kA 
'  oxbausls  the  soil  of  ita  phosphates  and  potash. 

5889.  "Of  the  chemical  manures  now  so  much  used,  bone-duMmiflm 
the  phosphates,  which  have  been  eiTracted  by  successive  cropaofpHMJ 
corn,  the  whole  of  the  bones  of  ihecaiile  fed  on  these  crops  liaoii^  tia^ 
rived  from  the  soil;  Its  gelatine  also  yields  ammooia  by  puirei«ciMft-  Gfc 
dno  acts  as  a  source  of  nmmoiiia,  cooiainiog  much  oxalate  and  laM  rf 
ammonia  with  some  phosphates.  Night-»oil  and  urine,  especiallj  Aalir 
ter,  are  most  valuable  for  the  ammonia  they  yield,  as  well  as  Tor  p^o^  ~~ 
and  potash:  but  are  very  much  neglected  in  this  country,  aiibM|h 
importance  is  fully  appreciated  in  Belgium  and  China.  Bran  i*a)«| 
valuable  manure,  especially  for  potatoes,  as  it  contains  much  of  iht  IM^ 
niaco-magneslan  phosphate. 

5890.  "  Nitrate  of  Soda  probably  acts  by  ita  alkaU,  rvplsdi^  pmi, 
but  it  is  possible  that  its  acid  may  also  yield  nitrogen  to  plaats,  mM^ 
we  possess  at  present  no  evidence  of  (bis,  and  indeed  no  eiijeaa  ■! 
plants  can  derive  their  nitrogen  from  any  other  source  than  fraot  U^M<^ 

5891.  "  Such  is  a  brief  sketch  of  the  general  lawa  of  regaMBmu  tf 
preaeot  known,  in  so  far  as  ihcy  are  connected  with  chemistrT.  dt** 
changes  in  the  juices  of  vegetables,  by  which  the  numerous  promtttf  Aa 
vegetable  kingdom  are  formed,  wc  know  nothing.  The  Juico  «f  fkM 
contain  ammonia  and  sugar,  gum  or  starch;  all  (he  elements  mn  thH^ 
present  from  which  the  nitrogenized  compounds,  albumen,  fibrWi  ad 
caseine,  in  other  words,  prolcine,  may  be  formed,  and  it  appears  tlalfV^ 
tables  alone  can  produce  proteine.  Thus  the  final  producta  of  n^tm 
form  the  food  of  animals ;  the  modifications  of  proteine  aenring  fa  itf^ 
tion,  properly  so  called,  and  ibe  starch,  gum,  sugar,  and  oil  werviof  bt  lit 
support  of  respiration. 

5892.  "The  life  of  animals  is  distinguished  chemically  from  iW  of 
vegetables  by  the  circumstance,  that  in  ilie  former  usygen  is  coafltHj 
absorbed  and  replaced  by  carbonic  acid,  while  in  the  latter  carbonic  stii  • 
absorbed,  its  carbon  retained,  and  its  u.xygen  ^ivenout.  Consciounpai ii^ 
the  power  of  locomotion  are  peculiar  to  animals. 

5893.  "In  animals  two  processes  are  constantly  carried  <»:  tbdif 
respimlion,  by  which  the  animal  heat  is  kcpl  up;  and  thni  of  nutrlioa,  ij 
which  the  matter  consumed  in  the  vital  functions  and  expelled  fKniia 
body  is  restored. 

5694.  "  Respiration  is  essentially  a  combustion  of  carbon,  which  ioa* 
bining  with  oxyf^n  is  convened  into  carlwnic  acid,  and  at  the  wnta** 
furnishes  the  animal  heal.  Liebig  calrulriles  that  the  amount  oftviM 
daily  burned  in  the  body  ofan  adull  nian  is  about  fourteen  ounces,  Mldii 
the  heat  given  out  is  fully  sulhcient  to  kec]i  up  ihc  tempemture  oftlia  W*> 
and  to  account  liir  the  eva]>omtion  of  all  llio  gaseous  mailer  aad  «^ 
expelled  from  the  lungs. 

5895.  "This  carbon  is  derived  in  ilic  first  place  trom  the  ummJ 
the  body,  which  undcr^'ii  a  constant  waste,  but  uliimalcly  from  the  looi 

5896.  "In  the  carnivorn,  whose  fuod  is  almost  entirely  txMopami^ 
compounds  of  proieine,  albumen,  &i,c.  one  pari  is  devoted  lo  ■ufipl]' >ki 
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"Male  of  tbe  tissues,  while  ODOlber  portioiii  or  b  coireqioiHliiig  Bmount  of 

riously  existing  lissue,  u  decompoeed  so  as  to  yield  ibe  carbon  lequired 
respiration.  As  tbe  tissues  can  only  be  decompoaed  by  the  exercise 
^  tbe  vital  function!^,  ibis  is  tbe  reason  wby,  in  tbe  camivois,  an  encar- 
IIbus  amouDt  of  muscular  motion  is  required  to  furnish  the  necessary  sup- 
■f  of  carbon. 

1^6807.  "  On  the  other  hand,  the  food  of  the  berbivora  contains  but  little 
W  the  compounds  of  proteine,  only  sufficient  to  restore  tbe  waste  of  the 
■■lie* ;  while  the  carbon  required  for  respiration  is  supplied  by  Ibe  starch, 
icn,  augsr,  oil,  Aic.  which  form  the  gieat  mass  of  their  food,  and  no  such 
pK>uni  of  muscular  motion  is  required  in  them  as  in  (he  carDivors. 
'  S8fiS.  "  It  is  in  the  form  of  bile  chiefly  that  tbe  carbon  undergoes  com- 
Mtion.  Hilherlo,  ihe  true  function  of  the  bile  has  been  disputed;  and  by 
lost  authors  that  fluid  has  been  considered  as  an  excretion,  intended  to  be 
Ip^led  from  the  body  in  the  feeces.  But  Liebig  has  shown  that  only  a 
nail  fraction  of  the  whole  amount  of  bile  can  be  detected  in  any  shape  in 
le  Iseoes,  and  that  the  bile  unquestionably  is  reabsorbed  in  tbe  inlestina) 
anal,  and  re-entci^  Ihe  circulation,  where  it  sooa  disappears  {  and  as  tbs 
roportioD  of  carbon  in  the  bile  is  very  large,  altbou^  not  sufficient  to 
□count  for  all  the  i7nrbonic  acid  given  out,  there  is  no  reason  to  doubt  that 

ia  gradually  consumed  by  the  oxygen  of  the  arterial  Uood,  and  coarcrt- 
1  into  carbonic  aciil  and  water,  which  escape  by  tbe  lungs  and  skin. 

5809.  »  To  return  to  tbe  subject  of  tbe  animal  heat :  tbe  food  that  ia 
iquired,  and  hence  the  appetite,  must  be  proportiaiBl  to  tbe  amount  of 
artKRi  required  to  supply  the  animal  beat.  Now,  in  hot  climates,  where 
be  external  cooling  is  less,  less  heel  is  required,  the  B]^)etite  is  much  more 
>eble,  and  tbe  usual  food,  consisting  oC  fruits  and  v^etables,  contains  a 
kr  smaller  amount  of  carbon  than  in  cold  climates,  where  the  appetite  is 
een,  and  Ibe  food  highly  carbonized,  such  as  Beah,  or  even  Uubber.  For 
he  suae  reasons,  warm  clothing,  by  diminishing  the  loes  of  heat  hy  ex.- 
inMil  eooUng,  blunts  the  appetite ;  and  those  who  remove  from  a  cold  to  ■ 
•zm  climate  always  find  (hat  their  appetite  fiuls.  This  is  a  warning  from 
■tora  to  diminish  the  amount  of  food  taken ;  and  if  it  were  attenoed  to, 
ad  tbe  common  but  absurd  practice  of  stimulatinK  the  appetite  by  ardent 
qoon  and  hot  spices  abandoned,  Europeans  might  enjoy  as  good  health 
k  tbe  East  or  West  Indies  as  at  home.  It  is  obvious  that,  even  in  Europe, 
loie  food  is  required  tn  winter  than  in  summer.  (Animal  Chemistry,  2S.) 

O0OO.  "  In  endeavouring  to  explain  the  formation  of  the  bile,  it  is  ob- 
btiriy  of  no  moment  whether  we  derive  i[  from  the  athutnen,  fibrine,  &o> 
r  tbe  food,  or  those  of  the  tissues,  their  composition  being  identical.  Liebig, 
lemming  choieJc  acid  (o  be  the  chief  organic  constituent  of  the  bile,  and  its 
wtnata  to  be  C"  N'  H"  O",  has  shown  that  the  half  of  this  formula,  added 
k  that  of  urate  of  ammonia,  C'°H*N'0',  which  gives  the  sum  C"N« 
l»0»,  ia  equal  lo  the  formula  of  blood  or  flesh,  C*»N»H«»0",  with  tbe 
idilionofone  atom  water  and  one  atom  oxygen.  (Animal  Chemistry,  185, 
M.)  Again,  proteine,  C"  N'  H**  O",  ptiu  three  atoms  of  water,  gives 
le  same  sum,  excepting  one  atom  of  hydrogen,  viz.  C*•N'H**0'^  In 
lia  way  we  can  see  how  the  tissues,  acted  on  by  oxygen  and  water,  may 
ield  tbe  ingredients  of  bile  and  urine.  Thia  is  tbe  first  attempt  which  has 
een  made  to  trace  chemically  tbe  connection  between  the  food,  tbe  blood 
r  tbe  tissues,  and  the  secretions  or  excretions;  and  showing,  as  it  does, 
Mt  these  questions  are  capable  of  elucidation  on  chemical  principles,  it 
76 
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nutt  be  TBgardad  bb  the  most  important  idea  yet  suggested  in  uinsl  ^ 
mistry. 

6901.  "  Supposing  it  to  be  weU-fouDded,  the  ti&stiea  which  ant  a 
are  resolved  first  into  bile  and  urate  of  ammonia.  The  former  is 
Jrom  the  lirert  reabeorbed  and  burned,  as  before  stated.  The  laller.ii^ 
pents  and  birds,  is  expelled  unchanged;  but  in  moD  and  quadr^ifca 
whom  the  amount  of  oxygen  inapired  is  much  greater,  it  is  alaoui  ' 
yielding  finally  carbonic  acid,  ammonia,  and  urea. 

6002.  "  Should  the  supply  of  oxygen  in  the  humao  subjetl  bt 
caeot  to  act  on  the  urate  of  ammonia,  then  the  uric  acid  is  depfl 
grave!  or  calculus ;  if  the  supply  of  oxygen  be  somewhat  grealer,  h 
aefictent,  oxalic  acid  is  the  result,  and  mulberry  calculus  occun; 
much  exercise  be  taken  and  abundance  of  oxygen  supplied,  ibe  <a 
of  the  uric  acid  is  completed,  and  nothing  is  lefl  but  urea  or 


5903.  "  "nils  explains  the  true  cause  of  uric  acid  and  mutberry 
to  be  a  deficiency  of  oxygen;  it  also  explains  why  uric  acid  calculviil^ 
lowed  by  mulberry  calculus  in  those  who  remove  from  the  ion  a  fc 
country,  where  more  exercise  is  taken;  and  from  these  coaMenam 
may  see  how  valuable  aie  the  results  which  wilt  Sow  frora  a  tbonN|k 
veitigation  of  all  departments  of  animal  chemistry. 

6904.  "  The  luine  of  the  berbivora  differs  from  that  of  man,  is  iM 
in^,  besides  urea,  hippuric  acid  when  they  are  at  rest  or  stall-fed,  «lki 
loio  acid  when  they  are  in  full  exercise,  and  when  coose^gomlf  ■■> 
oxygen  is  supplied.  Liebig  has  shown,  that,  if  to  five  tintes  the  Saa^d 
blood,  we  add  nine  atoms  of  oxygen,  we  have  (he  elements  of  di  ■« 
hippuric  acid,  nine  atoms  urea,  three  atoms  choleic  ncid,  three  auv^ 
monia,  and  three  atoms  water;  and  that,  if  to  five  times  the  dma^'f 
blood  we  add  fbrty.five  atoms  oxygen,  we  obtain  the  clemeots  of 
benzoic  acid,  thirteen  and  a  half  atoms  urea,  three  atoms  choleic 
atoms  carbonic  acid,  and  twelve  of  water.  Moreover,  two  ata 
with  twoalomsof  water,  contain  the  elements  of  six  utoms  allantcMML 
in  the  urine  of  the  fixtal  culf),  and  one  atom  choloiiJic  acid,  whidt  ■ 
posed  to  be  the  same  as  the  nteconium. 

5905.  "The  bile  of  the  hcrbivora  is  much  more  abundant  than Art^ 
the  carnivora,  an  ox  secreting,  according  t.i  Hiidnch,  .ITIbs.  of  biW^ 
As  the  waste  of  matter  in  the  hcrbivora  is  but  liinlred,  it  is  obiiootkai 
cannot  supply  all  the  bile,  and  consequcnlly  n  great  part  of  it  mud  h* 
rived  from  ihc  starch  and  other  nonnzotiwd  eonslituenis  ot'lheir  I'oal.wW 
lose  oxygen,  and  enter  inio  combination  with  some  azolised  product  «f* 
decomposition  of  compounds  of  proleine. 

5906.  "  In  order  to  show  bow  iliis  is  possible,  Liehig  poiola  oat  thtf  ^ 
elements  of  two  atoms  of  proleitic,  with  those  of  thnw  atoms  urir  adrft^ 
two  atoms  oxygen,  amount  (o  the  same  sum  ns  six  atoms  hippunc  ki'**' 
nine  atoms  urea ;  while,  if  to  five  atoms  sinrch  wo  add  two  Miomi  haarr 
acid  and  two  atoms  oxygen,  the  sum  is  ot|iinl  lolwo  atoms  cbolcKioiuJ 
twenty  atoms  carbonic  acid. 

5907.  "  Again,  if  the  elements  or]>rotcino  and  sinrch,  oxygen  and  »iW 
being  present,  undergo  Iranslbrmation,  and  nmtiiallv  atfert  e«cb  other.  <h 
products  of  this  metamorphosis  may  be  urea,  clioleic  acid, 
carbonic  acid.    Thus : 
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6  »towi  protame,  6  (0«  N«  H«  OM)  ■»  C««  N»  H»  0» 

15     „     starch,    16  (C»«      H»oO'0)  =  C»»       H««>0'M 

12     „     water,     12  (  H    O  )=  H"  0«» 

5     „     oxygen,        .        .        .        sb  O* 


And 


9  atomi  eholeic  acid,  9  ((^  N  H»  O")  »>  Cs«  N»  H«r  0» 

9     „     urea,  9  (O  N'H^  Oa)a>C»  N»Hm  Qm 

3     „     ammonia,  3  (      N  H«        )«        N«  H* 

60     „     carbonic  acid,  60  (C               OS)a«                   0»> 


Theinmii bbC4»N*oHm>0<>' 


IMK)8*  **  The  reader  will  observe  that  these  equations  are  given,  not  as 
WpOTTinting  what  is  actually  proved  to  occur,  but  only  to  show  how  such 
may  be  conceived  on  ordinary  chemical  principles*  But  it  is  to  be 
in  mind,  that  all  the  necessary  substances  'meet  In  the  drculatioD ; 
and  starch  from  the  food,  oxygen  in  the  arterial  blood,  and  that 
Is  never  absent :  while  the  resulting  products  are  the  chief  oonstitnenCs 
of  the  secretions  and  excretions ;  viz.  carbonic  acid,  excreted  by  the  lungs ; 
uvea  and  carbonate  of  ammonia,  excreted  by  the  kidnejrs;  and  choleio  acid, 
MflVQled  by  the  liver.  (Animal  Chemistry,  150  et  seq.) 

ira09.  ^  We  have  thus  seen  how  the  carbon  in  the  rorm  of  eholeic  acid 
Mr  bile,  may  be  obtained  in  a  state  most  ftrvourable  for  its  oxidation  or  com- 
IWMtion*  An,  if.the  supply  of  oxygen  be  deficient,  the  eholeic  acid  may  by 
a  paitial  oxidation  yield  hippuric  and  lithofellic  acids,  just  as  we  have  seen 
tiMU  urie  acid,  partially  oxidized,  yields  oxalic  acid ;  for  two  atoms  choleio 
acid  +  10  atoms  oxygen  are  equal  to  two  atoms  hippuric  add,  one  atom 
lithofellic  add,  and  fourteen  atoms  water.  Thus  one  species  of  biliary  cal« 
cnlusy  identical  with  the  bezoar  stones  found  in  the  herbivore,  may  have  an 
Of%iti  similar  to  that  of  the  mulberry  calculus,  both  arising  from  a  deficient 
■apply  of  oxygen.  (Liebig.) 

GOIO.  *'  Soda  is  necessary  to  the  formation  of  bile,  and  is  supplied  in 
ihe  form  of  common  salt.  Where  the  supply  of  soda  is  defective,  the  meta- 
BWrphosis  of  proteine  can  yield  only  fat  and  urea.  If  we  assume  fhr  fat 
empirical  formula  C^^  H'**  O,  then  two  atoms  proteine,  with  twelve  atoms 
,  and  fourteen  atoms  oxygen,  in  all  C**N**H"*0**,  are  equal  to  six 
urea,  six  atoms  fat,  and  eighteen  atoms  carbonic  acid.  If  we  assume 
At  to  be  C^  H^*^  O,  a  similar  result  may  be  traced ;  and  the  composition  of 
ail  fats  lies  between  these  two  empirical  formulae.  Now,  it  is  worthy  of  ob- 
aarvation,  that,  if  we  wish  to  fatten  an  animal,  we  must  carefully  avoid 
gjMag  much  salt  in  its  food.  (Liebig.) 

6011.  "  As  another  point  of  connection  between  the  products  of  the  me- 
taasorphosis  of  bile  and  of  the  constituents  of  urine,  in  addition  to  the  po6- 
flibility  already  mentioned  of  both  being  derived  from  the  oxidation  of  pro- 
leiae,  it  may  here  be  remarked,  that  three  atoms  taurine  and  three  atoms 
ammonia  are  equal  to  one  atom  uric  acid,  one  atom  urea,  and  twenty-two 
atoms  water;  and  that  one  atom  taurine  and  one  atom  ammonia  are  equal 
to  oae  atom  allantoine  and  seven  atoms  water.  (Liebig.) 

5912.  **  It  may  further  be  noted  that  one  atom  uric  acid,  fourteen  atoms 
water,  and  two  atoms  oxygen,  correspond  to  two  atoms  taurine  and  one 
atom  urea ;  or,  if  two  atoms  water  be  added,  to  two  atoms  taurine  and  two 
atoms  carbonate  of  ammonia.     Moreover,  one  atom  alloxan  and  ten  atoms 
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water  an  equal  to  two  abMiw  taurine;  and  one  atom  taurine  co 
elsmeuts  or  two  attniM  oiulic  acid,  one  atom  ammonia,  and  lour 
ter.  (Liebig.) 

6913.  "  Aa  alloxan  is  a  product  of  the  oxidation  of  uric  acid,  urf  mt 
hu  been  shown  above  to  be  related  to  taurine,  that  is,  to  bile,  it  wDollli 
very  important  to  study  its  action  on  the  system.  It  might  prataUftf 
beneficially  in  some  diseases  of  tbe  liver.  It  rosy  be  safely  ai'  ~  ~ 
connderable  quantity.  (Liebig.) 

6914.  "  In  the  urine  of  tbe  camivom  we  find  soda  in  modcrMe 
combined  with  sulphuric  and  phosphoric  acids.  This  aoda  wm  t 
in  their  food,  and,  after  contributing  to  form  tbe  bile,  has  becji  wcrtari  ti 
the  kidneys.  But  it  is  never  sufficieut  to  neutralize  tbe  acid*  [iiihiif 
and  consequently  we  find  much  ammonia  along  with  it,  while  tibe  « 
add. 

6016.  "  But  in  tbe  urine  of  the  herbivora  soda  is  present  in  lar 
quantity,  and  combined  with  carbonic,  hippuric,  or  beozoic  acid, 
shows  that  tbe  herbivont  require  a  far  greater  amount  of  soda  tbu  i(<* 
lained  in  tbe  amount  of  blo<>d  daily  consumed,  «khich  in  them  is  snMil;ai 
tbia  Boda  is  obtained  from  Lbeir  food,  and  employed  in  producing  tter  ik» 
dontUle. 

5916.  "The  plants  on  which  tbe  berbivora  feed  catuiot  grow  m^ti 
destitute  of  alkalies  {  but  these  alkalies  are  not  less  necessary  Ibrilii^ 
port  of  the  animals  than  of  the  plants.  The  soda  is  found  in  the  bM«i' 
bile;  and  the  potash  is  now  known  to  be  absolutely  essential  to  ibtpto 
tion  of  caaeine,  that  is,  the  secretion  of  milk.  In  like  manner,  the  l^n^^ 
of  lime,  which  is  essential  to  the  growth  of  grasses,  is  equally  eairtili 
tbe  production  of  bone  in  tbe  animals  which  feed  on  these  plants.  It « i» 
possible  not  to  be  penetrated  with  admiration  of  the  wisdom  which  it  Ass* 
u  these  beautiful  arrangements. 

5917.  "  Let  ua  now  owsider  tbe  changes  which  the  food  iiiiikigps  ii 
the  process  of  digestion,  and  we  shall  observe  this  process  in  the  onrnn, 
where  it  is  most  simple,  as  their  food  is  identical  tn  composition  wii  iai 
tissues. 

5918.  "When  tbe  fiKxl  has  entered  the  stomach,  tbe  gastfK  jatt  * 
poured  out,  and  afler  a  short  lime  the  whole  is  converted  into  a  aniBi 
homogGDeous  mass,  the  chyme.  Many  researches  have  been  madetsi^ 
cover  the  solvent  contained  in  the  gastric  juice,  but  in  vain.  It  coaaatw 
substance  which  has  the  property  of  dissolving  fibriae,  albumen,  &«-:  "^ 
we  are  compelled  to  adopt  the  opinion  of  Liebig,  according  to  mtucb  ti 
food  is  dissolved  in  consequence  of  a  metamorphosis,  analc^ou*  to  fem* 
tation,  by  which  a  new  arrangement  of  the  parlides  is  eSecied.  A*,  ■■ 
fermentation,  the  change  is  owing  to  the  presence  of  a  body  in  a  Mal**f 
decomposition,  or  motion,  which  is  propagated  from  the  ferment  iolbeH|U 
by  contact;  so,  in  digestion,  the  gastric  juice  contains  a  small  quasutva* 
matter  derived  from  tliu  lining  membrane  ofihe  stomach,  which  isiaiMI' 
of  progressive  change,  and  the  change  or  motion  is  propagated  frooi  ikis  H 
the  particles  of  (he  loud  under  certain  conditions,  buch  as  a  cvrtaia  leap*' 
rature,  &c. 

5919.  *■  The  plicnoinena  of  artificial  digestion  confirm  this  vi.-..  If  lb- 
lining  membrane  of  a  stomach,  perfectly  clean  and  fn^sh,  be  infiB«<l  in  •*- 
ter  feebly  acidulated  with  chlorohydric  acid,  the  liquid  acquire  do  lolnst 
action  on  albumen  ;  but  if  the  membrane  be  exposed  to  the  air  for  lam 
time,  or  be  left  in  water  for  a  while, — in  short,  if  Jecom potion  be  sllo>i' 
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oommenoe,— then  the  infusion,  if  coagulated  albumen  or  fibrine  be  placed 
itj  and  the  whole  kept  at  the  temperature  of  the  body,  by  d^rees  eiiects 
perfect  solution  or  digestion. 

1^920.  **  Prout  has  shown  that  the  gastric  juice  contains  free  chlorohy- 
ic  acid.  This  is  derived  from  the  common  salt,  the  foda  of  which  com- 
mem  with  the  albumen  or  fibrine,  while  its  acid,  beinff  set  free,  at  length 
f  its  accumulation  checks  further  change.  Besides  the  gastric  juice,  the 
ily  other  substance  employed  in  digestion  is  the  oxygen  which  is  intro- 
~  into  the  stomach  with  the  saliva,  which  from  its  viscidity  encloses  a 
quantity  of  air.  The  chyme  then  leaves  the  stomach,  and  gradually 
into  the  state  of  chyle,  which  resembles  blood,  except  in  colour,  being 
iimdy  alkaline,  not  acid  like  the  chyme. 

6921.  **  By  means  of  the  circulation  oxygen  is  conveyed  in  the  arterial 
tood  to  every  part  of  the  body.  This  oxygen,  acting  on  the  tissues  des- 
■ed  to  undergo  change,  produces  a  metamorphosis,  by  which  new  soluble 
Moapounds  are  formed.  The  tissues  thus  destroyed  are  replaced  by  the 
BIT  naatter  derived  from  the  food.  Meantime,  those  of  the  products  of  me- 
imorphoeis  which  contain  the  principal  part  of  the  carbon,  are  separated 
tMOD  the  venous  blood  in  the  liver,  and  yield  the  bile;  while  the  nitrogen 
Dcumulates,  and  is  separated  from  the  arterial  blood  in  the  kidneys  in  the 
irm  of  urea  or  uric  acid. 

6922.  ^  It  has  been  already  mentioned,  that  vegetables  alone  possess  the 
mver  of  forming  proteine,  which  they  furnish  to  animals  in  the  forms  of 
Ibumen,  fibrine,  and  caseine.  In  the  animal  body  these  forms  of  proteine 
le  employed  to  yield  the  difierent  tissues,  most  of  which  bear  a  simple  re- 
itioo  to  proteine.     Thus, — 

Fibrine,  albamen,  caseine,  are  Pr  +  8  +  P  -f-  Mils. 

Arterial  membrane  ia  •        -        Pr  -f*  2HO. 

Chondrineii      ....        Pr  +  4H0  +  0>. 
Hair,  horn,  du:.,  are  -        -        Pr-j-NH'+O*. 

Oelatinooa  tiaauei  are  -  2Pr  +  3NHs  +  HO  +  C^. 

TO2d.  **  It  is  not  meant  that  these  formulae  express  the  actual  constitution 
r  the  tissues,  but  only  that  they  give  the  proportion  of  the  elements  i^tually 
and  show  how  they  might  give  rise  to  the  tissues.  Some  of  these 
contain  proteine,  or  at  least  yield  it  when  acted  on  by  potash :  this 
I  tlie  case  with  hair  and  horn.  But  others,  as,  for  example,  the  gelatinous 
■sues,  although  doubtless  derived  from  proteine,  do  not  contain  it,  and  con- 
Dqueotly  cannot  yield  any  of  its  modifications.  This  explains  the  (act 
hat  gelatine  nlone  cannot  support  animal  life.  It  cannot  yield  blood  or 
ioacular  fibre,  although  it  may  serve  to  nourish  the  gelatinous  tissues. 
Bee  Gelatine.) 

6924.  ^'Liebig  has  shown  (Animal  Chemistry,  p.  141),  that  gelatine 
Day  be  formed  from  proteine  in  two  ways ;  either  by  adding  to  two  atoms 
MOCeine  three  atoms  allantoine  and  three  atoms  water  (which  are  equal  to 
Mie  atom  uric  acid,  one  atom  urea,  and  four  of  water),  or  by  subtracting 
rocn  three  atoms  proteine  half  an  atom  choloidic  acid,  and  adding  four 
itoms  water.  These  statements  apply  to  Mulder's  formula  for  gelatine; 
Nif  as  the  true  formula  is  still  doubtful,  they  are  only  mentioned  to  show 
be  method  by  which  we  may  hope  to  arrive  at  accurate  results. 

6925.  ^*  There  is  another  constituent  of  the  animal  body,  naniely  fat,  the 
Moduction  of  which  deserves  notice.  It  is  not  an  organized  tissue,  hot  is 
brmed  and  collected  in  the  cellular  tissue  under  certain  circumstances. 
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Theao  are  rest  and  oonfioement,  that  is,  a  deficiency  of  oxy^,  mi  m 
abundance  of  food  devoid  of  nitrogen.  Caraivorous  animals  ai^nmrfK 
and  ibe  herbivora  only  become  so  in  contmcnient. 

69S6.  "Now  the  chief  source  of  fftt  is  starch,  or  sugar,  ihe 
of  which  is  such,  that,  if  deprived  of  bxygtn,  fai  remains.      If  fr 
C"  H"  0'°,  we  take  nine  aloms  oxygen,  there  reiiiaios  C"  H"  & 
ia  one  of  the  empirical  formulte  for  fai.     Or  if  from  starch  we  imm 
atom  carbonic  acid,  CO*,  and  seven  atoms  oxygen,  the  remninder,  (?'H*Q 
represents  the  other  empirical  formuls  of  fal.     VVc  have  nlicad\  Hsbv 
fat  may  be  derived  from  proteine  when  soda  is  deficient  i  and  ««  nq ! 
add,  that  all  the  eltnnentd  of  food  contain  more  oxygen  than  fu,  ajB 
tion  to  the  carbon.     Thus,  in  albonicn,  librine,  and    cmaeaoe,  fot  tli% 
carbon  there  are  contained  S6  eq.  oxygen;  in  starch,  for  I'Me^ 
100  eq.  oxygen;  in  sugar  and  gum,  110  eq.  oxygea;  in  sugarof  ■ 
eq.;  and  in  grap».8ugar,  140  eq.  oxygen;  while  in  fai  there  are  oalylt^ 
oxyg^i  for  130  eq.  carbon. 

6927.  "  It  ia  obvious,  tlierefore,  that  fat  can  only  be  formed  by  a  ft^ 
ofdeoxidatlon.  But  we  have  seen  that  it  is  produced  where  oxjfjnm^ 
fident;  and  it  appears,  as  Liebig  has  pointed  out,  that  when  there  it  ai^ 
cient  supply  of  oxye^n,  the  production  of  fai,  which  is  the 


this  deficiency,  yields  a  supply  of  that  elcmt^ni,  and  thua  aerves  utif  ^ 
the  animal  beat  and  the  vital  functions,  which  would  otherwise  be«M» 
This  is  anolber  beautiful  instance  of  contrivance,  equally  simple  iri  ti» 
derful. 

6926.  "That  lat  must  be  formed  by  the  deoxidizing   proceaa  abswi^ 
luded  to,  is  proved  by  the  pheaomena  of  the  fattening  of  nnj^li    ' 
goose,  tied  up,  and  fed  wilh  farinaceous  food  oitogelher  destiruie  of  Su, 
quires,  in  a  sboR  time,  an  increase  in  weight  of  several    pounds,  lb  «l 
of  which  is  fat.     Again,  the  bee  produces  wax,  a  species  of  bi,  fiaa|ai 
sugar. 

5929.  "With  regard  to  the  production  ofnervous  matter,  whicb 
alone  can  form,  we  see,  from  its  comfKjsiiion,  intermediate  belwc^i^''^ 
proteine  and  fat,  that  it  may  be  formi^,  either  by  depriving  praiaa  < ' 
some  nitrogenoied  product,  or  by  adtlins;  such  a  product   to  iiil.     Wta* 
is  fortned  wc  do  not  know;  but  it  must  be  formed  in  ibc  aainia]  body:  ■ 
Liebig  has  suggested  thai  the  power  of  the  vegetable  alkalies  to 
nervous  system,  may  be  owing  lo  their  comjiosilion,   which  a 
nearer  to  that  of  nervous  matter  tlinn  any  oilier  compounds.     T^at 
lies  may  promote  or  chock  the  formation  of  nervous  mailer,  and  tbn*  | 
duce  their  peculiar  eftecls. 

5930.  "  In  like  manner,  certain  vogeliiMe  prn<lucts  analoginus  U  iht 
getable  alkalies,  such  as  calfcinc  (or  Ihi-ini')  anil  llx.'u bromine,  mav  bti^ 
posed,  accordiuf!  lo  Liehift,  to  pnmiote  iIip  secri'li'in  of  bile,  their 
sition  bcinfi  related  to  thnl  of  some  of  the  pnnliicis  of  bile. 

5931.  "Thus  one  atom  CAllcIno  (or  llicinu),  wilh  nine  atoms  wa 
nine  atoms  oxygen,  mny  yield  two  atciins  taiirinc     Agnin.  one  Ua 
bromine,  with  twenty-two  atoms  water  nntl  si.vte^-n  alnms  oxycCTi. 
ponds  lo  four  nioins  taurine 
eight  atoms  water,  and  fourlcen  atoms  oxypii,  ronlniti  the  elemeiits  of  tw 
aloms  taurine  and  one  alom  uric  acid.     (Ainuuil  Chemist  rv,  ISO.' 

5932.  "  Now  it  is  surely  very  romarkdlilc.  timl  llie  vegctebk*  coola«B( 
these  compounds,  ten,  mlii'e,  and  roc™i,  .-liould  be,  one  or  other  of  ikn- 
used  by  almost  all  nations  lo  yield  a  nlrcsbnig  drink:  and  it  i*  still  ■■* 
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Nirious  tlifti  the  peculiar  principle  of  tea  should  turn  out  to  be  ideoticftl  with 
HtMt  ofcolfee,  as  receni  researches  have  demonstrated. 

fiQ33.  '■  We  may  supjiose,  with  some  degree  of  probability,  that  where 
she  fomiation  of  bile,  :iiid  coosequently  that  of  urine,  which  is  connected 
irilh  it,  docs  not  go  on  a»  it  ought,  the  use  of  these  beverages,  by  pronrcting 
ite  aecrctioii  or  bile,  muy  assist  the  process  of  respiration,  promotiag  the 
lojinal  heal,  and,  ai  the  .wme  time,  conlribulitig  to  the  due  performance  of 
ill  the  vital  Tunciions.  At  all  events,  neither  the  beaeticia]  and  rePreshiiig 
efiects  of  these  articles  of  diet,  nor  their  relation  to  bile  and  urine,  can  be 
»verlooked;  and  the  universal  adoption  of  the  practice  of  using  tea,  cofiee, 
n:  chocolate,  is  a  proof  that  men  have  discovered  and  obtained  from  dif- 
ferent  sources  the  menus  of  producing  the  same  efiect. 

5S34.  "The  prct^dini;  observations  are  sufficient  to  show  that  we  may 
ntpeci,  in  progr^sofiime,  to  eiplain  the  action  of  all  remedies  on  chemical 
pnocipiei.  The  true  path  has  been  opened  up,  and  it  only  remains  for  ex> 
parifDeDtcn  to  pursue  ii  with  energy  and  persererBOce." 

OF  BESPIRATION. 

5935.  The  qiiotatJoa  from  Gr^^ory's  work  being  con- 
cluded, I  subjoin  an  article  which  Ihad  prepared  on  respi- 
ration,  as  it  contains  some  ideas  whicti  are  not  found  in 
the  preceding  nuitter,  and  some  objections  to  Liebig's  ex- 
planatioD  of  tlie  plienoineDa  of  that  process. 

5936.  Chemistry  demonBtrates,  tbat  during  tbis  process, 
the  volume  of  the  air  respired  by  animals  is  dirainisbed, 
bat  that  a  portion  of  the  oxygen  is  replaced  by  an  equal 
bulk  of  carbonic  acid.  Although,  at  one  time,  by  respect- 
able observers,  the  volume  of  (his  last  mentioned  gas  was 
klleged  not  to  be  uniformly  equal  to  that  of  the  absorbed 
ojygen,  the  ratio  of  the  one  to  the  other,  being  represented 
as  Tarying  with  the  time  of  day  and  the  season,  not*Qnly 
in  different  animals,  but  also  in  the  same  animal,  later  ob- 
■erration  seems  to  have  produced  a  general  opinion,  which 
IB  zealously  espoused  by  the  distinguished  chemist  above 
mentioned,  that  the  expired  carbonic  acid  is,  upon  the 
whole,  exactly  equivalent  to  the  oxygen  consumed. 

5937.  The  prevalence  of  nitrogen,  in  animal  substances, 
naturally  led  to  the  idea  that  it  might  be  assimilated  more 
or  less  during  respiration;  but  experience  has  led  to  an 
Of^flite  opinion;  and  Liebig  has  endeavoured  to  show, 
tiiat  in  the  nutriment  of  granivorous  animals,  there  is  no 
deficiency  of  vegcto-animal  matter  having  as  large  a  pro- 
portion of  nitrogen  as  flesh  and  blood*  (5023). 

*  I  Mibjaiii  Um  foUowins  ouDioD  of  B«n«liai.    R«port  far  IMO,  pue  313. 
"  The  qowtion  bs>  oftao  bMn  pat,  whether  BnimBls  uaimilmte  nitronn  dnrinf 
..._      .  -ling  tir  which  h*i  been  bre»thodbj  them,  it  hu  been  found 
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5938.  When  first,  by  the  Lavoiserian  school,  the  bcri 
of  all  ordioary  fires  was  shown  to  be  attributable  to  lit 
unioD  of  oxygen  with  the  combustible  employed,  the 
naturally  followed,  that  respiration  being  aticDded  Iqr  ■ 
like  union  of  oxygen  with  combustible  matter,  animl ' 
ought  to  be  ascribed  to  this  source.  Maoy  objedien  ■ 
this  explanation  of  the  origin  of  animal  html  werefl' 
quently  urged,  and,  amon^  others,  the  fact  that  (be 
of  the  lungs,  the  fire  place,  is  no  higher  than  remoter  pnti 
of  the  animal  franae. 

5939.  To  remove  this  objection,  Crawford  su^ 
that  the  capacity  for  heat,  of  arterial  blood,  being  gntta 
than  that  of  venous  blood,  caloric  was  taken  up  bv  th 
blood  in  one  state,  to  be  evolved  when  in  the  other.  Tin 
suggestion  respecting  the  relative  capacities  for  heU.d 
arterial  and  venous  MOod,  hes  not  been  supported  bf  n^ 
sequent  experience;  and  another  view  of  tlie  subject  hu 
been  taken,  which  renders  it  quite  consistent  that  tkAB- 
perature  should  not  be  peculiarly  high  in  the  luoga. 

5940.  It  is  supposed  that  the  blood  merely  t^aoiht  aij- 
gen  in  the  lungs,  but  that  thit^  oxygen  is  carbonized  difiK 
Its  circulation,  and  thus  causes  heat  to  be  given  outiou 
parts  of  the  system.  The  carbonic  acid  thus  produced,  ■ 
reaching  the  lungs  in  combination  with  the  venous 
is  exchanged  for  oxygen,  and  consequent!  v  expired  wjti 
the  breath. 

5941.  Liebig  conceives  that  tlie  iron  in  the  henatoflD 
of  the  red  globules  is  held  by  the  arterial  blood,  m  ll* 
state  of  hydrated  sesquioxide:  but  in  the  capillaries,  th 
sesquioxide  passing  to  the  state  of  protoxide,  by  yieldiM 
oxygen  to  the  carbon  in  the  blood,  combines  with  the  c•^ 

that  in  some  cuei  s  deficit  of  nltmgeti  has  eniuFd,  in  othera  an  cxo 

others,  (gtin,  the  proportion  hu  reinaired  urichangei].     Yel  rigorom 

have  proved,  that  the  nitrogen  of  reiuired  sir  ii  quite  [»Hire,  and  canoot 

laud  during  reipiralion :  moreover,  tUl  ihe  blood,  in  (-oniinon  with  all  otha  W* 

they  are  prerenl  in  Ihe  gaaeoua  mixture  pmplojcd  ;  ao  that  when 
Uining  mnro  niirogon,  is  reapired,  ■  greiter  quanhlji  it  alnorhed.  Wtwo  (k*  "»■ 
ture,  under  like  circuiiiBlancea,  Ime  an  inferiur  ciuanlil)'  of  Ditrogca,  IhnpnKWb* 
giien  out  by  the  blond.  It  mny  be  BBsumed,  that  eipetiiiiem*  hav*  cmupWm* 
cided  thai  the  proportion  of  nitrogen  in  (lie  animal  frame  i*  allogellMr  DtttpaM 
of  Ihe  quantity  of  air  reapired." 

take  up  ita  ingrodienta  in  the  aame  proportion ;  or  if  they  di..  ihit  ihei  tonlta*  " 
hold  Ihem  in  thai  proportion,  uninnuenced  bjr  the  chemical  >lGnitT  baOeM  <'■* 
conilitnenU  and  oxygen. 
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%diiic  acid  thus  produced,  and  gives  rise,  in  the  venous 
W<K>d,  to  a  carbonated  protoxide. 

'  5942.  When  the  venous  blood  reaches  the  lungs,  the 
firotoxide  exchanging  carbonic  acid  for  oxygen,  this  gas  is 
Wrpelled  with  the  breath,  while  the  regenerated  sesquioxide 
ii  again,  by  union  with  water,  reconverted  into  a  hydrate. 
mie  well  known  change  of  hue  which  follows  the  transfer 
1^  the  blood  from  the  veins  to  the  arteries,  through  the 
]^lmonary  organs,  seems  to  be  considered  as  a  collateral 
consequence  of  these  chemical  reactions.  Yet  this  change 
does  not  appear  to  me  sufficiently  accounted  for,  since  no 
tocb  alteration  of  colour  can  be  produced  by  the  transfor- 
viation  of  a  carbonated  protoxide  of  iron  to  a  hydrated 
aesquioxide.  Moreover,  tne  fact  that  no  peculiar  elevation 
of  temperature  takes  place  on  the  surfaces  where  the  ve- 
nous blood  meets  the  breath,  seems  to  me  inconsistent 
with  liebig's  explanation,  since  the  heat  must  be  extri- 
cated in  the  space  where  the  iron  is  peroxidized. 

5943.  Upon  the  whole  I  now  think  as  1  have  for  forty 
years,  whatever  other  opinions  may  have  prevailed,  that 
there  most  be  a  degree  of  heat  derived  from  respiration 

Eroportioned  to  the  quantity  of  oxygen  converted  into  car- 
onic  acid;  but  with  all  due  deference  for  liebig,  I  do  not 
agree  with  him,  that  it  is  possible  to  give  a  satisfactory 
explanation  of  this  process  upon  purely  chemical  affinities, 
such  as  exist  independently  of  vital  power.  It  appears  to 
me  that  nature  has  the  power,  within  certain  limits,  of 
making  chemical  affinities  to  suit  her  own  purposes,  and 
<:an  therefore  cause  the  oxygen  to  be  absorbed,  the  carbon 
to  combine  therewith,  and  the  heat  to  be  given  out  when 
and  where  the  processes  of  vitality  require  it.  If  nature 
have  not  the  alleged  power,  how  does  it  happen  that,  out 
of  the  heterogeneous  congeries  of  elements  existing  in  the 
egg,  the  bill,  the  claws,  the  feathers,  the  bones,  the  blood, 
and  flesh,  are  made  to  appear  at  the  various  stations,  at 
which  their  presence  is  requisite,  for  the  existence  of  a 
young  bird?* 

*  Mr.  Winn,  (L.  and  E.  Phil.  Maff.  174,)  considen  the  extension  and  contraction  of 
tlie  fibrous  tissues  of  the  arteries,  during  pulsation,  as  among  the  causes  of  animal 
bfeat.  It  is  well  known  that  caoutchouc  grows  warm  when  rapidlj  extended ;  and 
Mr.  Winn  found  a  portion  of  the  aorta  of  an  ox  to  be  capable  of  a  similar  rise  of  tem- 
pmrntore,  when,  during  two  minutes,  it  was  made  to  undergo  turgescence,  and  col. 
lapce  lioiiUr  to  that  wnich  takes  place  during  pulsation.   "A  have  decided  this  qaes. 
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5944*  Liebig  cites  the  following  interesting  fiicts. 
active  man  expires  13.9  ounces  of  carbon^  and  daily 
(Mimes,  in  the  same  time,  37  ounces  of  oxygen  =  51 
cubic  inches,  or  about  223  gallons.  Reckoning  18  ii 
rations  per  minute,  there  must  be  25,920  consumed 
day,  and  consequently  iHH  =  1  ^99,  or  nearly  tm  o 
inches  of  oxygen  in  each  respiration.  In  one  nil 
therefore,  there  are  added  to  the  blood  1.99  x  \^=\ 
cubic  inches  of  oxygen,  weighing  rather  less  than  ti 
grains. 

5945.  In  one  minute,  ten  pounds  of  blood  pass  tbt 
the  lungs,  measuring  320  cubic  inches,  among  whick 
being  divided,  there  must  be  one  cubic  inch  of  oxygei 
nine  of  blood  nearly.''^ 

5946.  Ten  Hessian  pounds  of  blood  =  76^800  ^ 
in  the  arterial  state,  contain  61i^  grains  sesquioii 
iron ;  if  in  the  venous  state,  55^  of  protoxide.t  Otfi 
difference,  is  the  quantity  of  oxygen  which  the  iro»dl 
Tenous  blood  can  acquire  in  the  lungs,  which,  deii 
from  twelve  grains,  the  whole  quantity  of  oxygen  alM 
leaves  5.60  grains  requiring  some  other  means  of  ah 
tion.  But  55i\jV  grains  of  protoxide  of  iron  wouM  tal 
73  cubic  inches  of  carbonic  acid,  which  is  douUe  th 
lume  that  the  351^  of  oxygen  can  generate. 

5947.  One  glaring  defect  in  this  part  of  the  explaai 
arises  from  the  admitted  fact,  that  nearly  one-half  of 
absorption  of  oxygen  is  unaccounted  for ;  5.60  in  tuf 
parts. 

OF  FERMENTATION. 

5948.  Certain  spontaneous  changes  which  ensue  in  orijanic  sub<4 
by  which  they  arc  more  or  less  decomposed  or  resolved  into  new  cor 
tions,  have  been  generically  designated  under  tlic  name  o(  fermentaii 

5949.  For  a  long  time  only  three  kinds  of  fermentation  had  been  ; 
nised,  called,  severally,  the  vinous,  the  acetous,  and  the  putretaotivt 
now  we  have  several  others  added  to  the  list,  among  which  are  the  ss 
rine,  and  the  viscous  or  lactic. 

5950.  The  production  of  cyanhydric  acid   (1323)   bv   the  react) 

tion,  the  author  should  have  shown  that  heat  might  be   pcrnianentlv  cAused 
extension  and  contraction  either  of  caoutchouc  or  the   ox  arterv.      But  were 
monstrated  that  heat   could  be  thus  permanently  generated,   there  would  be  i 
difficulty  in  explaining  how  the  organic  substances  employed  could  thus  giTe 
heat.     It  involves  the  question  of  the  materiality  of  caloric,  since,  if  material, 
raanent  supply  could  not  be  derived  from  an  isolated  strip  of  caoutchouc. 
*  Stated  upon  ihe  authority  of  Mullcr.     ''  Pliysiologie,  Vol.  j,  p.  :}45.'* 
t  Deduced  from  the  Researches  of  Denis  Richardson  and  Nasse,  Handworte 
der  Physiologie,  Vol.  1,  p.  138.     Note. — Measures  and  weights  are  Hcnian 
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anlsine  with  unydaline  (8055),  that  of  the  oil  of  mustard  by  myronne 
id  myronic  acid  (5091),  are,  by  Boutron  and  Fremy,  considered  as  cases 

fermentatioD ;  and  to  these,  it  seems,  we  may  add  the  generation  of  ni- 
tin,  which  is  alleged  to  be  the  efiect  of  a  species  of  fermentation  promoted 

the  leaf  of  the  tobacco  plant  afler  it  has  been  gathered. 
5951.  To  the  saccharine,  the  vinous,  acetous,  and  viscous  or  lactic  fer- 
antation,  allusion  has  already  been  made  in  treating  of  starch  (4082);  of 
ne  sugar  (4057);   of  alcohol  (5578);   of  lactin  (4070);   acetic  acid 
197);  lactic  acid  (5215). 

Of  the  Saccharine  and  Vinous  Fermeniaiions. 

6052.  The  saccharine  fermenioHon  is  exemplified  in  the  change  which 
kes  place  in  the  mash  or  wash  of  the  distiller,  by  which  the  starch  of  the 
mia,  C^  H^®  O^^  takes  two  atoms  of  water,  2H0,  to  form  drv  grape  su- 
ir,  C"  H"  O". 

6958.  The  vinous  fermentation  ensues  in  all  cases  where  alcohol  is  pro* 
loed  by  an  internal  change  in  organic  solutions.  By  some  chemists»  it  is 
ipposed  that  alcohol  is  produced  only  when  grape  sugar  is  present  at  the 
ittet,  or  flenerated  subsequently ;  since  it  is  alleged  that  cane  sugar  and 
her  saccharine  substances  must  be  converted  into  grape  sugar  before  they 
to  enter  into  the  vinous  fermentation.  It  has  been  stated,  that  by  this 
rmeotation  an  atom  of  grape  sugar  is  resolved  into  the  elements  orif  two 
oms  of  alcohol  and  four  atoms  of  carbonic  acid  (5578). 
5954*  The  juice  of  the  apple,  the  pear,  or  the  grape,  at  any  temperature 
lOTe  50^,  spontaneously  enter  into  the  alcoholic  fermentation.  This  is 
pcribed  to  the  existence,  in  them,  of  a  vegeto-animal  matter,  which  being 
rat  oxidised,  aflerwards  mysteriously  causes  the  sugar  to  be  resolved  into 
cohol  and  carbonic  acid,  as  already  stated  (5578).  The  preservation  of 
uits  and  other  organic  substances  by  heat,  in  well  closed  vessels,  is  as- 
ibed  to  the  prevention  of  that  oxidizement  of  the  vegelo-animal  ferment, 
bich  is  the  necessary  precursor  of  fermentation. 

6955.  In  the  case  of  wort  as  prepared  in  breweries,  there  is  ^reat  diffi* 
ilty  in  inciting  a  proper  vinous  fermentation,  without  the  amstanoe  of 
MMt  arising  from  a  preceding  process.  Yet  during  every  well  conducted 
leration,  a  large  quantity  of  this  substance  has  to  be  thrown  off.  Tlie 
orough  performance  of  this  process,  called  cleansing,  has  always  been 
town  to  be  necessary  to  the  flavour  of  the  beer ;  but  Liebig  alleges  that  it 
BO  lessens  the  liability  to  acetification,  and  that  by  a  process  practised  in 
KTaria,  the  yeast  being  more  thoroughly  removed  by  deposition,  such  a 
rperiority  was  attained  as  respects  insusceptibility  of  sourness,  that  large 
lemiums  were  offered  in  other  German  states  for  those  who  should  suc- 
led  in  imitating  that  process.  This  consists  in  the  exposure  of  the  beer,  in 
ten  shallow  vessels,  to  atmospheric  oxygen,  at  a  temperature  below  50®, 
f  which  the  vegeto-animal  matter  which  forms  the  yeast,  is  oxidized  and 
mpitated  at  a  temperature  too  low  for  that  simultaneous  conversion  of  the 
eohol  into  acetic  acid,  which  would  be  the  consequence  of  a  higher  tem- 
mature  under  like  circumstances. 

5956.  During  fermentation  there  is  a  commensurate  attenuation  of  the 
|iior,  of  which  the  extent  may  be  ascertained  by  the  hydrometer.  In  fact, 
lis  instrument  and  a  tliermometer  are  indispensable  to  enable  a  manufac* 
ircr  to  conduct  well  any  fermenting  process.  The  hydrometer  shows  that 
iniinution  of  density  which  measures  the  gain  in  alcohol.     This  attenua- 
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tion  is  estimated  roughly  by  the  chnnge  in  ibe  froth  or  heail,  winA,  i 
the  presence  of  saccharine  mailer  is  abundant  so  as  to  envelope  lh» 
bonic  acid,  riaea  high,  but  gradually  falls  as  the  solution  becomes  ita 
until,  in  oon sequence  of  the  formation  of  the  yeast,  a  new  head  rises. » 
of  that  viscid  matter. 

Of  the  Acetous  Fermentation,  a  Proceaa  of  Acetifiealitm. 

59S7.  To  acitii/y,  Eignifies  to  produce  any  species  of  acidity;  »C 
application  of  the  word  acetify  is  confined  to  those  processes  by  wluAi 
tic  acid  is  produced,  of  which  there  arc  several. 

-5958.  or  the  processes  nlludeJ  to,  thai  by  which  fermented  aixltfif* 
liquids  are  made  to  generate  acetic  ncid  in  the  form  of  vinegar,  tia< 
designated  as  the  acetous  fermeDCation  being  accompanied  by  an  •M 
intestinal  reat^ion  between  the  ingredients  in  the  liquid  mixture  or  am 
which  undergoes  this  acetifying  process.  This  Icrmenlation  diflrn  I 
the  vinous  in  requiring  an  extraneous  supply  of  atmospheric  ooygn 
which,  as  has  been  mentioned,  ethyl  is  chane^  into  acetyl  by  (be  CM 
of  two  atoms  of  hydrogen,  and  the  acetyl  is  afterwards  acidife4  If 
acquisition  of  two  more  such  atoms  (5197),  so  that,  from  a  hydnal] 
ostdo  of  ethyl,  a  hydrated  Irioxide  of  acetyl  arises. 

5959.  Yet  alcohol,  whether  strong  or  dilute,  does  not,  per  SASA 
the  change  just  described.  The  presence  of  some  substance  «Wk* 
attract  oiygen  from  the  air,  appears  necessary  to  cause  its  acdAo) 
Thus  dilute  alcohol  and  water  do  not  fermeat;  but  a  mixture  nf  (■ 
of  honey  and  one  of  crude  tartar  to  thirteen  of  alcohol  and  one  haah 
water,  will,  in  warm  weather,  produce  vinegar  in  a  few  ««eln(fl 
The  change  eflecled  in  the  alcohol  may  be  understood  from  the  fan 
already  given. 

5960.  The  usual  method  of  producing  vinegar  by  the  exposure  rflii 
in  open  vessels,  demonstrBles  that  the  necessity  of  atmospheric  torpi 
been  learned  in  practice.  Latterly,  the  process  has  been  prtyiiktiirf 
by  allowing  the  liquor  to  fall,  in  drops,  upon  the  shavings  of  biach  w 
the  temperature  being  kept  up  nearly  lo  101)^  According  to  LietRg.  in 
way  one  part  of  spirit  of  wine,  containinf;  eighty  j>cr  cent,  of  alcobiil ' 
about  five  paris  ol'  water  and  -j-sVb'*'  ^^  yeast  of  honcv  or  other  Tmbi 
may  be  converted  into  vinegar  in  from  twonlv-four  lo  thirlv-si^  hocr^ 

Of  Ike  Lactic  or  ^  ncows  Fermentation 

5961.  This  has  onU  of  late  been  Irtntod  is  a  disunct  procest.,  aiibo 
its  elfecls  ha\o  long  lioen  kn  iwn  I  j  ihos  cti^ntr<  i  m  tb<  niaouloclui* 
sugar  and  fermenlcd  liquor*!  whether  for  diMilUti  ii  or  dr  nk  The  « 
ness  in  beer,  ale  or  porter  the  premature  nciJit\  ol  iht  diMiller'  •• 
are  referrible  lo  the  |  rocess  under  considerulion  Ti  is  thi"  termeW 
which  supervenes  in  Ihi  absence  of  \<asi  or  «hcne\er  inv  niinyiK 
substance,  o\idi7fd  In  tin  air  to  n  c<  rtain  cMmt,  )■?  pre^nt  It  did 
from  the  iinous,  in  i,'iMng  rise  to  hclii  and,  inanniie,  and  a  vise 
matter,  usually  callcil  ropy,  with  hydrogen,  as  well  as  carbonic  • 
Many  years  since  I  was  surprised  to  find  th'~  gas  given  out  bv  cider  ii 
state  of  intense  fermentation,  lake  fire,  and  discovert'd,  on  esaminatioa. 
inflammable  gas  to  b<:  hydrof^'n. 

5063.   Agreeably  I:  n  stnlemont  given  in  Crahiiin,  S03,  an  alom  olw 
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s,  and  an  atom  of  lactic  acid,  are  equal  to  one  Btom  of  gnpe  sugar, 
inns  an  atom  of  oxygen. 

S963i  I  am  under  Uie  impression  that  all  the  four  fermentations  may 
■ue  «tber  successively,  or,  to  a  certain  degree,  simultaneously.  Thus, 
ber  starch  or  Lactin  may  be  converted  into  grape  sugar.  This  product 
ay  be  partially  changed  into  alcohol,  and  in  part  into  lactic  acid  and 
anntte  (4074)j  while  a  portion  of  alcohol  simultaneously  generated,  may 

undergoing  acetification. 

5964.  Eiacfa  fermentation  has  lis  appropriate  ferment.  Thus  diastase 
citea  the  saccharine  fermentation,  ycasi  the  alcoholic,  oxidized  diastase, 
seine  or  curd,  the  lactic;  while  ihe  scum  or  sediment,  called  mother  of 
negar,  promotes  the  acetic  ferroentalion.  ll  is  the  object  of  (he  vintner, 
B  brewer,  and  distiller,  to  permit  only  the  two  first  rermenlations,  ihc  sU 
faolic  especially,  to  which  the  suocharioe  is  accessary.  This  object  is 
cured  by  taking  great  care  to  hnve  the  juice  or  wort  simultaneously  sub> 
stsd  U>  a  temperature  between  60''  and  10",  and  a  limited  exposure  to  air, 
itlt  the  addition  of  the  proper  ferment,  where  this  is  necessary  j  while,  bjr 
•est  cleanliness,  the  presence  of  any  matter  capable  of  inducing  ihe  act^ 
us  or  lactic  fermentation  is  avoided.  Much  liquor  is  spoiled  by  the  sub- 
if  ution  of  the  viteout  for  the  alcoholic  fermentation. 

fi06S.  In  a  memoir  published  in  the  Annales  da  Cbymie,  3d  series,  Zi 
oi.  257,  Messrs.  Boutron  and  Fremy  have  made  some  interesting  obser> 
itiODa  respecting  the  generation  of  lactic  acid  in  milk.  Oxidized  caaeioa 
rl33)  b  cotuidcied  by  ibem  as  pre-eminent  in  efficacy  as  a  ferment,  fbt 
■e  lactic  fermentation,  by  acting  on  ihe  sugar  of  milk  or  lectin ;  but  ia- 
Msequeoceof  sn  affiniiv  for  the  ^eaeriiic-d  itrid,  ihe  oxidized  caseino  forms 
jtb  il  an  Inert  xompounil  which  precipitates. 

d966.  The  generation  nf  lactic  acid  requires  the  presence  both  of  lactin 
id  free  oxidi/ed  lyisein.  Of  course,  in  order  to  increase  the  production  of 
le  ociil,  it  Mri.s  r-pijri<l  jioessary  to  add  an  additional  quantity  of  lactin  to 
Jllc,  bat  to  renew  the  efficiency  of  caseine,  i(  was  found  sufficient  to  satu> 
ite  the  lactic  acid  as  ollcn  as  the  productioa  of  this  acid  was  arreated  t^ 
e  precipitation  of  the  oxidized  casein. 

6007.  Diastase,  aflcr  being  exposed  a  few  days  to  the  air,  becomes  ca- 
ible  of  inducing  the  viscous  or  lactic  fermentation.  The  membraoes  of 
ifi  stomach  of  a  dog  or  calf,  or  (he  substance  of  a  bladder,  by  a  like  ez- 
xure,  were  found  capable  of  inciting  the  fermentiUion  in  (question.  Tet 
lintal  matters,  in  appearance  similarly  prepared,  are  productive  of  difibreot 
■ults,  OS  respects  the  proportions  of  mannite,  of  viscous  matter,  of  lactic 
Md,  or  alcohol,  generated.  The  means  by  which  the  various  ferroents, 
■pectively,  produce  their  appropriate  changes  are  involved  in  the  greatest 
iscurity.  Some  important  additions  have  been  made  to  our  knowWge,  as 
Mpects  the  facts.  The  ferments  have  all  been  shown  to  be  vegeto-aaimul 
tatter  in  a  state  of  oxidizcment,  and  an  analogy  seems  to  have  been  esta- 
lished  between  their  influence  and  ttinl  of  some  other  agents,  which  have 
BSD  ctmsidercd  as  sciing  by  what  has  been  called  catalysis,  which  is  a 
Dw  name  given  by  Bcrzelius  to  an  old  mystery.  It  has  long  been  known 
■at  there  are  two  modes  by  which  chemical  changes  are  to  be  excited.  Id 
oe  of  these,  the  presentation  of  one  or  two  extraneous  elements  causes  de> 
imposition  and  recompoailion,  by  the  reactions  between  the  elements  so 
resented,  and  those  subjected  to  alteration,  as  in  the  various  cases  of  dec- 
re  affinity  (509,  &c.).  In  the  other  mode,  substances  undergo  transfor- 
MtioDs  by  being  made  to  rearrange  their  constituents  into  one  or  more  new 
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combinations,  by  Ehe  presence  of  other  bodies  with  wliich  tbey  da  M 
bine,  and  which,  in  some  cases,  undergo  no  change  ibemsebo.  i 
the  last  mentioned  mode  of  reaction  that  the  name  above  pwligM 
been  applied.  Yet,  under  this  head,  proccisses  have  been  crudeljuai 
which  have  discordant  features.  Liobig  indiscriminaEely  gives  ■  am 
Bsplanution  to  these  proces.ies,  and  to  those  of  remrtentationi  so  &r« 
might  be  crudely  rererrible  to  catalysis. 

5968.  The  following  processes  are  associated  by  this  distijiginWB 
mist  under  one  rationale: — the  tolvbilily  aci/uired  by  platina  ifH^* 
loytd  with  rilver:  the  eataiyiing  injtuence  of  platina  spongr  dr  ~^~ 
bltiek  :  the  explonon  of  futmnating  poiedert  by  tUgkt  eauiti 
proeat  lUeov^osition  of  bionde  of  hydrogen  and  oxide  irf 
agency  of  nitric  oxide  in  the  generation  of  gulphurie  acid 
ferments, 

5969.  To  me  it  seems  that  there  is  a  great  diversity  in  tt 
tics  ef  the  processes  thus  alluded  to.     In  the  ciise  of  the  _ 
is  at  least  an  atom  of  silver  for  each  atom  of  platina  in  actual  i 
with  this  metal;  and  the  change  which  the  latter  undei^oesii 
Bame  as  that  to  which  the  former  Is  subjected. 

5070.  In  the  case  of  platina  sponge  causing  the  fonwUKin  of  _  ^ 
of  platina  blacic,  causing  the  acetification  of  alcoholic  vapour,  ihr  "Aj 
agent  undergoes  no  change  itself;  and  ii  enters  not  into  chmiw^'' 
nation  either  with  the  materials,  or  (ho  products.  Liebig  Mcrita**^ 
suit  in  this  instance  to  the  alternate  absorption  and  aubsequeot  ««*<•■ 
oxygen  by  the  powder;  since,  after  exposure  to  the  gas,  it  wj-*!* 
haustion,  be  made  to  give  up  a  portion.  But  the  agetKy  of  tlii»** 
mass  cannot  differ,  in  this  case,  from  that  in  which  it  causa  tbe  (■•^i 


ments  of  water  to  combine,  and  in  which,  if  absorption  lake  pUfft 
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confined  to  oxygen  more  than  to  hydrogen.     But  the  fad  efl^j**' 
Faraday,  that  hydrogen  and  oiygen  may  be  made  to  unite  by*"*^ 
ed  plate  of  platina,  seems  irreconcilable  with  the  idea  thai  oiwj''*; 
mean  of  its  accomplishment.     But  if  absorption  be  not  openi" ' 
case,  how  can  it  o[)crale  in  ihe  oihf  r  ? 

5971.  In  (his,  as  in  nil  other  cases,  Liebig  seems  (o  owrloi* 
important  agency  of  electricity  in  the  phenomena  of  nature.  ' 
infer,  that  tho  metal   most  probably  acta  by  altering  the  f'^'^''™^  I 
larily,  and  consequent  associalion  of  imponderable  matter. 


assumed,  that  during  the  dehydrogenation  of  alcohol  by  ^"'^P'*'*,''!] 
gen  in  the  presence  of  platina  black,  this  powder  is  alternatply  f™^ 
with  the  power  to  take  ii  from  the  air,  and  to  impart  it  tn  ihai.  '^  '"T 
the  attraction  for  oxygen,  under  the  circumstances,  is  loo  fe*ble  lo  "f 
it  from  the  same  source,  this  distinguished  philosopher  prwwdsWt" 
the  inference  that  honey,  mother  of  vinegar,  and  other  subsmK"  !* 
motive  of  acetification,  act  in  the  same  way  by  absorbing  o\yg«n  fi* 
air,  and  abandoning  it  (o  hydrogen.  But  if  agrcoablv  to  the  vie*  *** 
presented,  platina  Mack  does  not  net  by  alworplion,  no  nrgument- 1"*'" 
on  the  agency  of  that  substance,  will  justify  tho  idea  that  absorption  w^i' 
other  cases ;  and  it  should  be  rceollocted,  that  platina  black  is  vpr^  •*' 
when  perf<«(ly  free  from  mnislure,  while  honey,  yeast,  mother  of  >'«*? 
and  other  substance.i  which  cause  aceiificaiion,  have  no  aitrariion  for*! 
gen  in  Ihe  absence  of  water:  moreover,  that  tho  necessity  fnr  moistait 
the  preparatory  ovidizemeni  of  gluten,  easeine,  diastase,  and  other  ort" 
substances,  which  by  exposure  in  a  humid  stale  acquire  iheir  capaciT 
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dt  aa  fermeiitSy  is  inexplicaUe.    Water  is  powerful  both  as  a  catalycer  and 
a  a  aolveot. 

6972.  Before  referring  to  the  abaorptioD  of  oxygen  by  honey,  as  a  ground 
f  explanation  founded  on  the  analogy  of  platina  black,  the  ability  of  water 
IT  cause  honey  to  absorb  oxygen  should  be  first  elucidated. 

M7d«  An  electric  spark  or  any  ignited  body,  a  wire  made  incandescent 
fy  a  galvanic  discharge,  has  an  influence  analogous  to  platina  sponge,  of 
drich  the  minutest  particle  is  sufficient  to  cause  ignition  throughout  an  in- 
laoamable  mixture,  however  large*  There  is,  in  this  respect,  an  analogy 
the  explosion  of  inflammable  gaseous  mixtures  and  those  of  gun- 
,  and  of  other  fulminating  powders,  of  which  some,  as  it  is  well 
iKnro,  detonate  by  percussion  or  friction,  or  any  cause  adequate  to  derange 
hd  equilibrium  of  their  particles.  In  the  cases  last  mentioned,  the  change 
loduoed  is  the  same,  whatever  may  be  the  exciting  cause,  and  the  mi- 
flteat  portion  of  the  congeries  being  made  to  undergo  the  change,  is  of 
jsrifoomp^nt  to  produce  a  like  result  as  respects  the  whole. 

(I974.  The  property  which  bioxide  of  hydrogen,  and  the  oxide  of  silver, 
r  bioxide  of  lead,  have,  of  undergoing  an  explosive  deoxidizement  in  oon- 
Dquence  of  mere  superficial  contact,  is  evidently  another  case,  since  the  re- 
etkm  is  reciprocaL  In  the  solution  of  the  alloy  of  platina  with  silver,  one 
ody  induces  another  to  undergo  the  oxidizement  to  which  it  is  itself  sub* 
In  the  case  of  the  bioxide  of  hydrogen  and  oxide  of  silver,  two 
both  prone  to  deoxidizement,  reciprocally  induce  that  species  of 
But  in  this  phenomena  there  is  no  third  body  to  perform  a  part 
logous  to  that  of  the  nitric  acid. 

5976*  In  case  of  ferments  there  is  not  only  the  power  to  produce  a 
liange,  but  also  to  produce  the  particular  changes  by  which  sugar,  alooholi 
nd  aoetic  or  lactic  acid,  and  mannite,  are  respectively  generated.  More* 
iTer,  these  bodies  are  themselves  undergoing  an  oxidation  or  decomposition 
rbieb  is  necessary  to  their  power;  but  this  change  is  not  like  that  which 
bey  induce.  Hence,  obviously,  they  operate  difrerently,  either  from  the 
laiina  sfwnge,  or  platina  black,  or  from  ihe  silver  in  the  alloy  formed  by 
t  with  platina.  Liebig  conceives,  that  this  increased  solubility  of  platina 
y  union  with  silver,  is  at  war  with  electro-chemical  principles,  agreeably 
o  which,  any  metal  in  contact  with  another  metal,  relatively  electro* 
OAttrve,  becomes  less  susceptible  of  attack.  But  this  is  not  alleged  of 
HTO  aaetals  in  ^chemical  combination,  but  of  masses  in  contact,  or  having 
.  Bnetallic  conductor  extending  from  one  to  the  other.  1  am  surprised  that 
Jebig  should  find  the  mystery  of  catalysis  lessened  by  the  solution  of  the 
iloy  alluded  to,  when  it  must  be  evident  that  if  the  oxidation  of  one  atom 
weate  a  suflicient  reason  why  another  atom  combined  with  it  should  be  oxi* 
HsDod,  an  alloy  of  gold  with  silver  ought  to  be  soluble.  Whereas,  it  is 
UK>wn  that  the  common  process  of  parting  is  founded  on  the  utter  insolu* 
MUty  of  gold  when  so  alloyed. 

6976.  Liebig  alleges  that  there  can  be  no  doubt  that  the  acidification  of 
ileohol  is  of  the  same  order  as  the  reaction  by  which  nitric  oxide  provokes 
fae  formation  of  sulphuric  acid  in  the  leaden  chamber  (1019),  in  which 
W€Keae  the  oxygen  of  the  air  is  transferred  to  sulphurous  acid  by  the  in- 
ervention  of  the  bioxide  of  nitrogen,  since,  in  like  manner  organic  sub- 
itHfM**^  associated  with  spirit  of  wine,  absorb  oxygen,  and  bring  it  into  a 
larticular  state  which  renders  it  liable  to  be  absorbed. 

6977.  But  in  the  case  thus  cited,  for  every  equivalent  of  acid  formed,  an 
iquivalent  of  the  bioxide  combines  first  with  an  equivalent  of  oxygen,  and 
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in  the  next  place  with  an  equivalent  or  the  sulidKirodt  acid,  tor 
pound  which  is  decomposed  by  water  intu  sulphuric  acid  and  tin 
bioxide.  There  appears  to  me  to  be  no  nnalogy  between  this 
ihal  of  (he  inlluence  of  matter  existing  in  no  equiTaleut  pre 
which  cannot  be  shown  to  form  a  dctiriiti'  chemical  compound 
acetyl  or  hydrogen.  It  is  not  reprL'jjCtiiodlhat,  in  the  vinous  I 
any  union,  either  Iransieat  or  permanent,  takes  place  between 
of  the  sugar  and  those  of  the  ferment :  on  the  contrary  it  is 
the  oxidalioD  and  precipitation  of  the  yeast  proceeds,  pari  pa 
alcohol  ificatioD. 

5979.  As  to  all  the  processes  referred  to  fiir  illustration,  as  i 
of  fermentation,  which  they  are  alleged  to  resemble,  it  appears 
Licbig  and  his  dbciples  have  been  too  sanguine  of  their  cap 
adequate  elucidation. 

5979.  Respecting  changes  of  the  kinil  above  described  as  a 
Eanc  uses  the  following  language: — "The  eUmerUa  tf  a  ecmfi 
lained  together  in  certain  moleevlar  arrangement,  beeatiue  t 
are  there  »atitfied ;  but  it  is  natural  lo  mppoae  that  lekiUt 
remain  the  same,  tkeir  affinities  for  each  other  nugkt  bejtut  « 
tatitfied  by  a  different  molecular  arrangement."  Tfais  lai^na 
held  more  reasonably,  were  this  variaiion  in  arrangement  aoec 
no  concomitant  acquisition  of  chemical  properties;  but  is  it  r 
consider  the  difference  between  sugar,  and  the  alcohol  and  a 
into  which  it  is  resolvable,  as  arising  merely  from  tnolecnlar  aj 
Can  the  active  influence  of  alcohol  upon  the  animal  nerves  bs 
to  the  situations  respectively  occupied  by  its  three  ultimate  pan 
ments,  carbon,  hydrogen,  and  oxygen,  of  which  it  coosiatsl  A< 
the  union  of  oxygen  with  llie  ingrctlictilM  of  gluten  could,  by  'aa 
cmsequenl  mechanical  impulses,  cause  the  hydrogen  and  co 
atom  of  water  to  unite  with  the  elements  of  sugar,  and  to  sepofsi 
hoi  and  carbonic  acid  as  above  mentioned,  how  can  that  movea 
consequent  rearrangement  of  the  ponderable  particles,  explain 
silion  of  new  properties,  of  which  thv  comliiiiing  atoms,  or  ihc 
previously  containing  them,  were  dcstiiuie!  Thai  the  presence 
duces  the  fermentation  of  alcohol,  and  thai  diastase  doiermines 
tion  of  sugar,  is  admitted ;  but  I  am  surprised  that  any  philoso, 
conceive,  IhnI  without  first  asceriaininj;  ii[Mm  what  the  difierenct 
perlies  of  alcohol  and  sugar  is  dependent,  we  can  understand  hi 
fercncc  is  caused.  Liebig  infers  that  a  body  in  the  act  of  decon 
combination,  rnny  communicate  a  movement  ii)  ilic  atoms  of  ai 
compound,  so  that  gluten  in  ihc-  stale  of  i).\i<laiion,  in  which  i 
yeast,  induces  sugar,  C"  H"  O",  c^isti..i;  in  iln-  .sittne  liquid,  lo 
the  elements  of  water,  making  C'  II"  O",  M]iiiraiiN!i  into  four  ■ 
ofcnrlMjnic  acid  and  iwo  of  alcohol. 
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ability.  The  fi«t  thai  the  weight  of  the  diastate  requisite  to  aaoeharify 
■Jaith  18  so  very  small,  as  is  alleged  by  Dr.  Kane,  evMlently  renders  it  ex- 
tmnely  improbable  that  it  acts  by  creating  any  mechanical  disturbance. 
Tet  this  respectable  chemist  is  so  completely  carried  away  by  this  idea, 
dMU  he  proceeds  to  make  the  following  remark:  ^  This  lawt  rf  which  the 
tiimpUtft  expresiian  is  that  where  two  chendcal  mketanoee  are  in  contadf 
mttf  motion  occurring  among  the  particles  of  the  one  may  he  commumeaied 
t9  the  other ^  is  cfa  more  purely  meehoMical  nature  than  any  other  princi* 
pie  yet  received  in  chemistry;  and  when  more  defimJtely  eetahliehed  by 
emcceeding  researchee,  may  he  the  katie  of  a  dynamic  theory  in  chemistry^ 
mm  the  law  of  equivalenU  and  multiple  combination  expreesee  the  etatical 
mmndiiion  cf  bodies  which  timie  by  chemical  force*^ 

M62.  I  perfectly  agree  in  opinion  with  the  autboiM)f  these  suggestioAS, 
•8  to  the  purity  cfthe  mechanical  attributes  of  the  prirndpU  on  which  they 
mrtfomndedf  but  cannot  on  this  very  account  deem  them  oompetent  to  ex* 
plain  the  phenomena  on  which  he  conceives  them  to  bear. 

50d8.  As  the  mechanical  influence  of  the  motion  of  bodies  is  as  the 
veigfat  multiplied  by  the  velocity,  is  it  conceivable  that  any  movement  in 
the  partides  of  one  part,  by  weight,  of  diastase,  can  be  productiveof  aaa^ 
logous  movements  in  two  thousand  parts  of  starch? 

6084.  The  idea  that  yeast  might  owe  its  power  to  animalcules,  suggested 
itself  to  me  more  than  thirty  years  ago,  and  seems  to  have  some  support 
firom  the  fiict,  that  fermentation  only  thrives  within  the  range  of  tempera- 
tafe  compatible  with  animal  life.  Latterly,  its  activity  has  been  aaoribed 
to  the  power  of  extremely  minute  vegetables.  Kane,  whiie  admittinfl  the 
•jjafwice  IB  yeast  of  a  vast  number  rf  glohuimr  bodies^  possibly  amsmml' 
emUsj  treats  the  idea  as  untenable,  because  the  weight  oS  the  alcohol  aat 
cttrbenie  add  is  greater  than  that  of  the  sugar  employed*  But  if  the 
vnioB  of  water  with  the  elements  of  the  sugar,  can  add  to  the  weight  of  the 
piodiicts,  without  the  assistance  of  animalcules,  wherefore  should  their 
•gency  be  inconsistent  with  an  augmentation  from  the  same  souroe?  But 
IIm  weight  of  the  alcohol  and  carbonic  acid  are  just  equal  to  that  of  the 
,  if  this  be  assumed  to  be  in  the  state  of  sugar  of  grapes  (6678)» 

5965.  Independently  of  any  agency  of  this  kind,  which  scmh  mrnm 
probable  in  the  case  of  some  species  of  infection,  than  in  that  lei  ier- 
mealitioB,  I  conceive  that  the  present  state  of  our  knowledge  does  not  aUoiw 
of  our  comprehending  the  means  by  which  bodies,  whether  organic  or  iBOif- 
ganic,  are  endowed  with  the  powers  ascribed  to  catalysis;  but  that  weba«*e 
gieat  reason  to  believe  that  these  powers,  as  well  as  all  the  propertiei  which 
■Itimate  elements  acquire  by  diversity  of  association,  as  in  compovad  ladi- 
oala,  aie  due  to  the  same  source  as  the  phenomena  of  galvanic  and  statical 
aleetricity. 

5986.  It  is  well  known,  that  although  pure  zinc  is  not  susceptible  of  oxi* 
by  exposure  to  dilute  sulphuric  acid,  yet  that,  when  containing  mi- 
proportions  of  other  metals,  as  in  the  case  of  commercial  zinc,  it  be- 
liable  to  rapid  oxidation  by  the  same  reagent.  This  Faraday  ex- 
plained by  the  electro-chemical  influence  of  the  comparatively  electro-nega- 
metaUic  particles  distributed  throughout  the  mass  of  the  zinc,  which  he 
to  be  productive  of  as  many  local  galvanic  circuits  with  corres- 
ponding currents.  This  explanation  has,  I  believe,  been  universally  sano* 
imed,  and  was  consistent  with  the  previous  discovery  of  Sturgeon,  that 
when,  by  amalgamating  the  surface  with  mercury,  a  metallic  communica- 
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lion  was  made  beiween  the  electro-positive  and  electro- negmliye  intiDc 
particles,  so  as  to  prevent  the  formation  of  electrolytic  curreois  throii^iiK 
oiidizing  liquid,  the  zinc  became  nearly  as  insusceptible  of  union  wiiho;- 
gen,  as  when  in  a  pure  state. 

5987.  Nevertheless,  either  when  pure,  or  when  amalgamated,  ibt  iv 
was  found  oxidizable  by  diluted  sulphuric  acid,  provided  it  werenwfcii 
element  of  a  galvanic  pair. 

5988.  The  TaciB  above  mentioned  having  been  recalled  totheOalH 
of  the  scientific  reoder,  I  beg  leave  to  inquire  whether  ibe  influenceteM 
cribed  by  Faraday  to  the  electro-negative  metallic  particles  hasnottfMB 
analogy  with  that  of  a  ferment,  than  those  which  have  been  bruu^  in 
ward  by  Liebig,  Kane,  and  others,  with  a  view  to  expl&iD  the  iaduemi 
that  clasa  of  agents  upon  mechanical  and  chemical  principles  T  WUirf" 
may  not  the  distribution  of  nitrogennted  substances  throughout  a  na^ 
inorganic  matter,  operate  as  do  the  metallic  impurities  in  cooimertiaJ  wl 
The  existence  of  a  powerful  voltaic  aeries  in  the  gymnolus  and  «hf  * 
Irical  fishes,  shows  that  the  substances  which  enter  into  the  coRipOBU 
animal  matter  are,  when  duly  associated,  as  capable  as  metals  of  fmaf 
the  elements  not  only  of  simple,  but  of  camples  galvanic  circuits. 


OF  THE  PUTREFACTIVE  FERMENTATiON. 

S9S9.  To  that  species  of  spontaneous  decomposition  which  isoAtdf*' 
trefactive,  animal  substances,  in  general,  are  much  raon?  dtspotfdAM^ 
getable;  and  the  elHuvia  which  they  emit,  duritig  the  chaiwe,  uc  vd 
more  offensive.     It  seems  as  if  certain  affinities  which  exist  b«««fc 

ultimate  elements  of  many  vegetable  and  animal  substances,  althmeh  f* 
pended  by  the  inexplicable  powers  of  vitality,  resume  their  operaiioa  is**' 
as  those  powers  cease,  with  greater  or  less  activity,  according  to  the  B>n' 
of  the  substance,  and  the  influence  of  heat  and  moisture. 

5990.  The  presence  of  phosphorus  and  sulphur  contributes  grpailvW* 
felor  of  animal  pufrofaction.  On  ihi^  other  hnnd,  few  animal  sutetaccftii.' 
susceptible  of  the  vinous  or  acetous  fermentation. 

5991.  Liebig  seems  disposed  lo  oblilerale  the  line  which  was  bfniow' 
drawn  between  fermentation  proper,  and  putrefaction.  He  alleges,  il** 
practice  the  principal  mean  of  discrimination  has  been  the  divcreirr  » 
odour.  To  fermenlnlton  has  been  ascribed  all  processes  attended  by  tna- 
formBlions,  resulting  from  ioiernal  reaction,  which  ,^^e  attended  bi  do  * 
pleasant  smell ;  whereas  fetid  processes,  In  other  respects  analogous.  ^ 
been  designated  as  puitefaciive ;  but  that,  in  point  of  fact,  the  presBW" 
nitrogen  seems  to  have  been  the  usual  associate  of  substances  prone  to»»' 
is  calleil  putrefaction. 

5992.  But  so  far  as  felidity  is  an  essential  Bttribule  of  putrefscc*'*' 
presence  of  hydrcinfn,  with  sulphur  and  phosphorus,  seems  to  me  mow  f* 
sential  than  that  of  nitrogen,  since  this  element  is  much  more  rarfii  '^ 
vehicle  of  fetid  emnnTiiions,  and,  when  isolated,  is  remarkably  inod'rm!?. 

6993.  The  pn-senrc  of  water,  or  of  its  elements,  seems  indispciuBW' -' 
the  spontaneous  decnmporiition  of  organic  substances.  In  no  ia*iso 
either  the  vinous,  aci'tnus,  or  putrefactive  fermentation  induced,  in 
stances  which  an'  prrlectly  dry.  The  ofiect  of  desiceaiion  la  pn^w 
meat  and  fruits,  siillicii'ntly  |.rn'vcs  the  c.irreetnras  of  this  allegation,  i 
probably,  by  pirnly/iug  the  nctivilv  of  the  water  in  moal.  that  sail  fan*™ 
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its  preservatioii;  and  the  beneficial  influenoe  of  sugar  upon  preserves  may 
in  tike  manner  be  explained. 

5094.  The  peculiar  efficacy  of  water  in  promoting  fermentationy  of  what- 
erer  kind  it  may  be,  rests,  as  I  conceive,  on  the  same  basis  as  its  peculiar 
efficiency  in  promoting  electrolysis*  And  until  we  are  capable  of  compre- 
liending  the  part  it  performs  in  the  one  case,  we  shall  vainly  endeavour  to 
understand  the  duty  which  it  fulfils  in  the  other. 

5995.  When,  in  addition  to  water,  nitrogen  is  a  constituent,  the  tendency 
to  decomposition  is  increased.  Gluten  and  yeast,  which  contain  nitrogen, 
are  very  liable  to  an  extremely  ofl^nsive  putrefaction.  To  their  deficiency 
in  this  principle,  Dr.  Turner  ascribes  the  indisposition  of  mis  to  putresoency ; 
but  I  conceive  their  freedom  from  water,  and  incapacity  to  unite  with  it,  to 
be  the  true  cause. 

5996.  The  insusceptibility  of  the  vegetable  alkalies  to  deoompositioo, 
while  containing  both  hydrogen,  oxygen,  and  nitrogen,  may  arise  partly 
from  their  sparing  solubility  in  water,  and  partly  ihxn  the  predominance  of 
csarbon  in  their  composition  (5506). 

5997.  Although  heat,  to  a  certain  extent,  is  necessary  to  putre&ction,  it 
may  be  arrested  by  a  high  temperature,  as  well  as  by  frost.  In  the  one 
case,  water,  being  vaporized,  is  removed;  in  the  other,  being  congealed,  be- 
oomes  inert. 

5998.  Thenard  alleges  that  water  is  not  decomposed  during  potrefiustiony 
but,  on  the  contrary,  generated. 

5999.  Besides  water,  we  may  enumerate  ammonia,  with  carbonic,  aoetie» 
and  sulphydric  acid,  also  carburetted  and  in  some  cases  pboqphureded  hy- 
drogen, among  the  products  of  putrefaction. 
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Batium,  371.  372,  27G— proceas  for  evolu- 

selenium.   H-.*— of  silver,  a.W-rf««^ 

tion  of,  272.1 

phur.  140. 

Barometer  and  barometric  column,  expla- 

Bromine, la^in  mineral  .pr.ngi.  iff 

nation  of,  14  to  2ti, 

Bronze.  dU. 

Barometer  gauge,  2(i, 

Baryta,  or  barytca,  27.',.  21G. 

BaMcigen  elements,  lUS,  aiil. 

Calamine   (siliralc  or  cirbonat*  of  lac 

Baiidity,  109, 
BaiiGable  metals,  201. 

;oi. 

Calcia.  or  lime.  273— alkalin.lv  of,  «! 

Baae  metaU,  200, 

Calcination,  274. 

Bellow.,  of  and  forgo  fires,  &'.- 

Benzoic  acid,  3*J, 

lion  of,  272. 

Beniaalooflcad,3IT 

Caloric,:!.  J,  14,74,  2C3. 

Ml  cimi,  m* 

itekma,  339.* 
ohrdrann,  335,940,  Ml.' 


onic  loid,  liquid,  Kilid,  SS5, 996,  S39, 

•ooie  oiide,  994.t 
nreU  of  potauinin,  S83. 

ode,  197.1 

BDUlion  of  iron,  335. 

iuii,3fiil. 

•0,  Zn,  319. 

f bMte  aprinfi,  326. 

DolaoD  miDenl,  354. 

cod,  290, 921, 223. 


■rpatuli,3 


rido,  It         - 

ride  ti  UBmiaum,  _„ 

J— boron,  251~bn.B>ino,  130— of  gl 
liom,  rtiiimn,  tborium,  385 — vol 
l-~hrdt«ten,  160~iodine,  ]33— iro 
^nwrenr;,  304— of  lithiam,  6t'. 
MceDGB,  lolubility  of.  in  Blcohol,  S) 
>r  DitrogiD,  12»— phoephoriu,  IS 
'— polenium,  127— Mlenium,  US- 
cod,  254— lilver,  299— enlphur,  1' 
boriuia,  270,  285— yttrium,  285. 
ridai  of  carbon,  233— of  iutpliur,  141 
rine,  106,117,119, 157,341— hvdral 
156. 


^>bTdT«te  of  the  chlorobue  of  cop- 
-,  3\4. 


miam,  350. 
alMr,300. 

<m*,  bjdropneumalic,  105, 106. 
•aaofoieUli,  2tiU. 

uficatloD,  108,  109,  110,196.     Stela- 
ant  Benttuin  ntnaaiclalurt,  4^. 


,27, 02, 68,  73— by  combLnation,  73— 
nporiulioD,  GO—Tadiidon  af,50,  55. 
iriag  matter  of  the  blood,  S45.' 
an,  diSeTODt  rayi,  78,  79. 
mbiom,  354. 

•  8h  lailtE  IS  Oifuic  ClKmutrji. 


Ill 


Cork,  239— to  aacerUin  apecific  ffranlF 

of,  100. 
Comboatibtea,  foundation  of  idea  of,  196. 
Combination,  61,91 

Comboation,  113, 118, 13S,  194,  351,  3M. 

Complex  or  double  elecLn  affinity,  90. 

Compoiud,  or  hjdnMnygeo,  bbwpipa, 


66. 


ini.  -'.3, 


Concnve  ir 

CoadensBlion,  27  lo  30. 

ConctaoMlioB  of  guei  by  ohafcoal,  222 — 
far  illuminalioD,  340. 

Condenser,  27. 

Congelation  of  wntor,  07  to  73— of  ear- 
buDic  laid,  ^9— «f  pruHi<<  uid,  248— 
ofnulpliur,  biamo(h,anliinony,ainc,  86. 

Capp«r,3IO,3ll,312. 

Corindon  Teleiis,  2G5. 

Cortoaive  sublimate,  3(VI>. 

Croconate  of  potaib,  232. 

Crocus  of  antimon?,  348, 

CryophoruB,71,72. 

CryiliJli»lion,83,84. 

CryBtaltized  potub,  363. 

CtyitaJloenpby,84. 

CryataIiafVenn>,314. 

Cubic  galena,  141. 

CupruDi  ammoniatnni,  313. 

Cupel  and  cupellation,  2!)7, 

Culinary  parMox,  32. 

Cyiiniilo.,  308. 

Cynnido,  or  bicyanide, 

343.  ' 
Cyanobaaea,  300. 
Cyanoferrate  of  potaanam,  943. 
Cyanofenite  of  polaaaium,  243,  947. 
CyanogBn,  108, 157,  341,  942. 
Cyano  aalta,  370. 
Cyan  area,  cyanorela,  or  oyanidea,  387,370. 

Dallon  on  vapour,  40. 

Damaak  aleel,  3;iG. 

Dan  iell 'a  blow  .pipe,  erroneoualy  ao  oalM, 

67. 

kved  wood,  Lghl 
iloratioD  bv  char 

cblorideoftin,  322. 
Decompoai  lion  of  ammonia,  307 — of  wUer, 

152. 
Decry Btalliiation,  87. 
Definite  j>ropor(iona,  83,  03. 
Dapblonatioted  marine  acid,  (chlorine  J 

117. 
Derbjahire  (par,  (chloride  caleinm,)  2GI, 

Oaaiccation  of  air,  meana  of  effecting, 

70— of  the  akin,  154, 
Datectionoraraenic,  340. 
Dauto  carbohydrogen,  235,  937. 
Deutoildea  deGned,  1"~ 


DiaceUteof  lead,  318 
Diamond,  220. 
Diaapora,  }tB6. 


1,156. 


IMtthermtne.  and  athenninB,  bodie*,  56 
Dicarburet  of  hjdT(ij[nn.  236. 
IHchloridoDrearbiiii.fiSa. 

Dichlondc  of  copper,  314 
Dtoiidf?,  dwdphide  of  Wd,  'ilO. 
Differential  tbermomoter,  13. 
Dilatatioa  b;  heat,  H. 
Dioxide  dcfinsd,  136. 
Dioxide  of  lead,  31  tj. 
DiHinfecIing  power  of  ohsrcont,  222. 
DiiinfectioD  by  hypocbloiilcs,  361,  36S. 
DiipereioD  ofli|[ht,TS. 
DiauJphide  of  copper,  311,  315. 
Dolomite,  271. 

Doobla  elective,  or  complei  affinitj,  90. 
Double  oxTsalu,  368. 
Double  nita  of  metals,  aCl. 
Double  BiticuIeB,  366. 
Drammond's  lime  light,  lo  called,  CJ. 
Dutch  gold  leaf,  coiubuition  of,  in  chlo- 
rine, II!). 
DBctilily  of  metals,  9C3. 
Dyeing,  267— mordaots  for,  SOT.* 
Dynamic  electricity,  82.f 

Earths,  361. 

EbollitioD,  32-'by  cold,  39. 

Effbrveacence,  43. 

Elasticity,  15  to  44. 

Elasticity  of  meUls,  963. 

Electricity ,  see  separate  trestise  on. 

BlMtro  msgnetism.t 

Eleclrometer  sud  electroscope.! 

Eleotio-iiegative  metals,  9S1.I 

Eleotraphoms,  66.  t 

Electro- positiTS  tmtsla,  S61.t 

EmnBld,9Ga. 

Epaoms«lta,B!),S7l,3S6. 

Equivalents,  94. 

Essential  oili,  341.* 

Ethor,  209." 

Ether,  chloric,  perchloric,  explosive,  12S.' 

Elberine,  336  " 

Eucblorine,t24,3r>l. 

Ethiop's  mineral,  300.-Eaelase,  9G9. 

Eudiometer,  185,  238— of  Volta,  148— all- 
ding  rod,  175,  17G,  m>. 

Eudiometry,  148,  184,213. 

EvsporulioD,  40,  41— by  air,  41— cold  pro- 
duced by,  41,CetoTa 

E»oritfs  process  forcyanhydric  acid,  247. 

Evolution  of  iodine, 

Exception  to  llic  law  tlint  cbemicnl  reac- 
tion rc(|Uircs  fluidity,  '.12. 


-niyryii  4 


Except 

byi 

Exfian 

oils  lo  llio  1 

at,!). 

tion,4.T 

<v  (bat  liquid 

sex 

Expan 

ionoflluide 

In.TiO— liqui 

d»,8 

lids. 

r-'frsK,- 

exception  I 

the 

theo 

Explo. 

,.  po».r  01 

steam,  37. 

Ex  Ire  I 
undc 

.p,.„0„, 

aporiiGlion 

f  li 

Explos 

onoffulmin 

mccTmnical 

y,5 

higli 

uleam,  37- 

dud 

S   dccoinpo 

lion,  (a— of 

ch'r 

ruBsiale,  or  cyta*U  «f 
irrite  of  potaseium.  -Ml. 
1  inoug  minerals,  J34. 

1  jr  feculent  enwaalu 

3G0. 
F    ~..ofcharc(Hil,  &«.,  2S 
'         ry ,  cinder,  328. 
damp.  235. 

I,  I<J2— oflivdrogait,  U 
,  Jlronlia,  277. 
■ersof-ulphur, 

FluiCi' a'^riforin,  10,   14    to  44, 

Fluoride  of  arse 

ealci  urn,  212,  25« — ehr 
,,  134,255~>ilieoi), 
r  lury,  309 — sUrar, 


raleofhydroKen,  35ai 

'draleofp.>tss.iiia.SS8.1 

uciu.>erfpol««,«B.8» 

ie,lUo,  134.  I57.a5«. 

leacids,  orfloaCMls.  157. 

.icnlo  of  bydrogeo.  370  t 

aorulo  of  poUMium,  ST*. 

>lack,  wbite,  erode,  SU.* 

eres,66. 

coal,  220.' 

r'a  solution,  :«7 

iig  of  mercury,  J  I,  330-4 

73. 

Fren 

h  alum,  260. 

Frict 

on,  ignition  by,  GO. 

E'r 

rific  raixlures,  73. 

Ti 

tif«ous,  2!>7. 

Ulc 
vale 

ilpl 

nf  specific  graTitinef.  Hi- 
nt wcichU  and  voluB«.l!i9 

-Ilia ,  20.-.— cblorob  vdrK  wi 

,  i; 

ureti,  eudioroetrical  aulm 

iin>Bx< 


ghtingf  239. 

netera,  106, 107. 

jussac  on  yolumes,  107. 

nn  silver,  (packfong,)  352. 

Ite,  2^i6. 

Iff,  290.t 

.251,254,297,36a 

fornied  by  foaed  borax,  251. 

er  salt,  88,  89,  356. 

Qa,  268,  269. 

aa  fluacid  of,  269. 

Qium,  268. 

290. 

n  sulphur  of  antimony,  348. 

Lnd  silver  coin,  263. 

meter,  85. 

rd's  extract,  318. 

meter,  102. 

ty,  specific,  100, 102, 103. 

1  vitriol,  326. 

im,  85,  357. 

itita,  141. 

en  bodies,  or  elements,  108, 202. 

isalU,  356. 

ning  metals  by  refrigeration  by  the 

imer,  263. 

47,  48, 49,  62,  64— capacities  for,  44 

f  condensation,    63 — for    chemical 

posM,  64 — latent,  4— by  solution,  68 

idiation  of,  52 — specific,  44. 

:arbohy4fogen,  236,  240. 

seUteoflead,  318. 

pressure  boiler,  35. 

■team,  35. 

geneous  attraction,  83. 

(tone,  322. 

icids,  157.    See  Jleids^  halohydrie. 

Tgyrum  precipitatura  album,  309 — 

do  bichloride  of  mercury.* 

te,  151. 

ite  of  alumina,  266, 267— of  carbon,* 

-of  chloral,  232— of  chlorine,*  156 

riime,  274. 

ite  of  lithia,  284— of  potash,  136,  280 

'soda,  281. 

ited  bioxide  of  tin,  320— dioxide  of 

f>er,  314 — protoeulphide  of  iron,  330 

ibnitrate  of  bismuth,  322. 

c  ether,  oxide  of  ethyl,  238,  273.* 

»gen,  143,  156,  160,206.* 

»gren,  polysulphide  of,  170. 

>meters,  101. 

»pneuroatic  cisterns,  105. 

Niublimate,  Howard's,  305. 

»U8  protochloride  of  iron,  329. 

>meter  of  Daniell,  155. 

>meters,  39. 

»metic  process  Bf  Dalton,  by  the  dew- 

It,  155. 

shlorite  of  lime,  361 . 

nitrites,  365. 

aitrous  ether,  238.* 

lulphates,  366. 

nilpfaites,  366. 

*  Se«  Index  to  Or(^aic  Chemistry, 
t  8m  Index  to  Electricity. 


ce,  10,70,71,74,163. 

Snition,  galvanic,  58, 59. 
ustration  of  eqnivalenta,  95. 
mplement,  chemical,  21. 
roponderable  subitancei,  3; 
ndigo,  202.* 
nfluence  of  air  on  apparent  weight  of 

bodies,  103. 
nfluence  of prewnre  on  the  bulk  of  air,  88. 
nfluence  or  solution 'on  chemical  roae* 

tion,  92. 
nfusioni,  hygrometor  for,  101. 
nk,  329.* 

norganic  chemistry  commenced,  tnaagc- 
ment  of,  in  treating,  107. 
norganic  subttanoei.  107. 
nsects,  light  evolvea  by,  76. 
nsolnble  chlorides,  pratennons  to  the  sa- 
line character,  35d. 
naoluble  oxalates,  238. 
naoluble  oxides,  356. 
nsolnble  sulphides,  966b 
nstrument  tor  the  inflammation  of  miall 

portions  of  gas,  819. 
odacids,  157. 

odide  of  arsenic,  338— bisnrath,  384— ejr* 
anogen,   245— gold,   898— iron,  390— 
lead,  319— mercory,  907— eiWer,  899— 
sulphur,  140— tin,  381— line,  333. 
Iodides  of  carbon,  233, 
Iodine,  106, 130, 131, 134, 897. 
Iodine  in  sea  salt,  886. 
lodo  salU,  370. 
lodons  acid,  133. 
Iridium,  293, 297, 351. 
Iron,  91 ,  245,  324— with  acids,  Sa^-with 
carbon,  863— with  gold,  38&-wire,  181. 
Isomeric  bodies,  817. 
Isomorphoos  substances,  84. 


Kermes  mineral,  348. 

Kernels  of  bitter  almonds,  846.* 

Kupfer  nickel,  351. 

Laboratory  thermometer,  18. 

Lakes,  267.* 

Lamp,  Argand,  65, 235. 

Lamp  enamellers,  66. 

Lamp  without  flame,  65. 

Latent  caloric,  4. 

Laurel  water,  246. 

Lavoisier's  apparatus  for  recomposition  of 

water,  153. 
Lead,  315— reaflrents  by  which  it  may  be 

precipitated  from  its  solutions,  317. 
Lead  water,  318. 
Lepidomeue,  284. 
Leslie's  thermometer,  13. 
Light,  3,  75,  76,  77,  78,  79. 
Light,  chemical  effects  of,  80. 
Light  carburetted  hydrogen,  236. 
Light,  sources  of,  76 — polarisation  of,  80, 

81 — without  caloric,  76. 
Lime,  92,  273,  274— with  silicic  acid,  275 

with  oxides,  275— with  water,  275. 
Lime  light,  67. 

*  See  Index  to  Orgaak  CtMnietry. 


Uqoefkction  of  cirbonic  scid,  S39- 
Liqueftclion  of  chlorohydrie  afid 

163 — of  cyinogan,  241 — of  nitrooi. ■ 


163. 
Liquid  aulpfau 
Lith>>,  1^. 
LiUiLiiim,-J»l. 

Utm<a,l]'3,2IJ8. 

Liver  aruitimon;,  34S. 

Lou  of  gaa  by  coDdenUtion,  tMO. 

Luu  cornea,  299. 

Lunu  caustic,  300. 

Lung*,  aclJDD  of,  29. 

Liulre  of  metaJa,  263. 

Magiiterj  of  biamuUi,  333. 


u  acid,  138. 


HapiMita,  371. 
Mapi«iam,  STO. 
MagaeaifttoiM  alumina,  967. 
H^natie  inflatuoe  of  niekcl,  31 


InlitvofmBUli,  9S3. 

lib  ixoD,  336. 
9, 138, 364. 
>cid,  354. 
HuuJ^titraorail«fTJtRol,  193. 
Marbla^  273,^7. 
Hirnnc  acid,  203.' 
Hanh'a  sppantiia,  343. 
HaUar,  1,  3. 
Huaicot,  316. 

Maogbara'a  blowpipa,  m  iwUm),  68. 
Hoeauiieal  ditiuon,  333. 
Mecbawco-chemical  ■cbdct  of  charcoal, 

223. 
Madia  of  refraction,  79. 
Meconileoftead,  317. 
Heitins  ice  by  cDDibiution  of  carbon,  222. 
MenacHaiiite,  355. 
Mercury,  HI,  300,  301. 
Mercury,  fraica,  230. 
Mercurial  sails,  301. 
Meccurio-pncumatic  cistern,  105. 
Metitlic  crystal.,  87. 
MeUllic  oiidoa,  20G.I 
MeUU,  197,  2(12,  203. 
Metals  of  alk&ties,  234. 
HeUls  of  earths,  264,  2&4. 
Metals,  ei  pulsion  of,  6,  7. 
Metals  proper,  2G1. 
Metameric  bodies,  244. 
Meteorolitei,  324. 
Meterionc  iron,  324. 
MinaroJ  crysUls,  V7. 
Mineral  waters,  13U. 
,316. 


Miniui 

Moieture  in  air,  IM. 

Moiature  in  clay,  2<;<>- 

MolybdBteoflead,3&4- 

Motybdanum,  3.'>4- 

Moon,  light  of,  7G." 

•  Sh  In.W'i  !.>  Ornnir  Cbi 


riato  of  lime,  375. 

tholine.    or    DHlkjl,  S3S--tUi 

to  of,  235.* 

tha,5W9,  S29.%3.* 

thalJne,233,  340. 

e  naphtha,  341.* 

e  protoaulphid*  of  iraa,  3X 

ral  acetate  ofcoppar,  314 

ral  nitrate*,  364. 

ral  pboaphatea,  3t>7. 
,  .OD  on  Ugbt,  75. 
tel,  351— ■pong}',  297. 
ite  of  ammoQia,  I^fr-oT  tffm 
-^f  cobalt 

>— ofail, 


iclal*,  2»0,  2tll. 
•.Uinn.  123,  136,  1S7,  I5B.» 
usen,  sulphuric  acid  of,  IB. 
ID!  compouati*  of  caft«B,SH> 


ian,209. 
»,  327. 


I,  of  pltofhem,3l^^ 


ieof 


U,  iiiffrcurial.  30(1. 
V  nerves     pecoliu-ly  ifawt  »* 
lydric  acid,  171. 
gas,  bydrurel  ofKaljI,  HB,B. 

jmc,  352. 

:i.:Tds,  l()0-~alkaliM,  lO. 

,.f„odx.2.-,l 
..■.-.i?,  3.'.1— alloyaof.aSI. 

t„r indium,  ;U. 

.l\'old,*ll.t 

,  L.-,7,  l«i. 

of  copper,  an — iron.  M    h>4 
line.  2:!2— muneaia,  iO. 

cetasvlla.231 

.,  2W,  -iw. 

lily  ofmcUla.  2iZL 

I,  2V)— bromioe.  l*>-i»i- 


jm.  2li!l — iridium.  3il— ltf»- 
-magnesium,  270 — aii/»««. 
-of  molybdenum,  :W-iii«- 
.u-..iPl-..ru,ni,un,.;lil-«- 
Ml— silion.  SKt— leilam* 
ium,  270-iiUmum.  Xi3,  Si 


336, 337— buiam,  » 
oleiiuit,  S73, 975--ch1cirinc,  133^ 
miimi,  35S— copper,   312— gold,  i 
liTdragan,  156— iron,  3!fi,  Sj&— lo 
133— bad,  316,  317— munnne, :     — 
merca^,  303,  303— nickel,  35S— i      o- 
nn,  IT^pfaosphoTai,  S15— poUo    .Ja, 
9b3— plktinDm,    394— «ilT«r,    SSe -m- 
dium,    363 — itniatiaiii,    377 — fnluliar, 
137— tin,  330— line,  331, 333. 
,Ox7bua  of  tmnwmam,  309. 

Ozroliloimta  of  poU^,  127 — of  bujta*, 
%1— ofath?].- 

OzjcbloridB  of  antimoDj  34&— -of  toa- 
BoUi,  333— of  marcDrr,  306. 

O»no,  106, 110,  111,  113, 113, 114,  US' 
-•eiib,  157. 


•X" 


Ofitsr  ihelli,  374. 


PldUdinm,  3C0— dioji  of,  350— ipooKe, 

397. 
FalmgU«,3S. 
PuuTuiofeB ,  S4l 
Pandoz,  odliiHfy,  33,  33. 
PuliclH,  I. 
Paich  iMf,  SM. 
Pearl  uh,  380. 
Paneil  of  aoUr  light,  76. 
Perbromida  of  iodine,  133 — of  phoapbonu, 

817. 
Parcarbnnt  of  poUnium,  383. 
Parchloratei,  364. 
Parefaloride  of  Bnlimony,  130,  345— of  cj. 

uogen,  24S~or  iodine,  133— of  phoa- 

pbonu,  317. 
PwcDiaion,  heat  produced  bj,  GO. 
Percoaaioa  pawdar,  3C8. 
P«riodide  ofc&rbon,  233. 
Ptrkiiu  on  ■team,  37. 
Paroiida  of  barium,  277 — of  calciam, 

— ofcopper,3n— ofpolBiaium,  aS)— o  t 

■ilYer,  3!I9— of  lodiuni,  2»3— of  ition. 

tio[ii,277~or  line,  3.11. 
Parphoaphuretled  bjdrogen,  3IB.I 
FaranlpDids  of  antimony,  345 — of  araenic 

335,  338— oflaad,31!». 
PaUlite,  284. 
Pawter,  363. 
Pbiloaophic  eandls,  147. 
PUociatoa,  196. 
Piston  Talve  Toluniet«r,  ITS. 
PlMMifaatvof  iron,  33G— of  lead,  319— of 

Ubm,3I1— of  ■oda,21l. 
Phimbatei,  3ie,  3G7.     See  Emen< 

•nd  of  Index  la  Organic  Chemiit 
Phoaphitea, 


Organic  Chemiitij. 


*  Ah  IdJh  io  Organic  CbcakKij. 


Pboaphonia,  114,  131,  161,311,313,363— 
combiiBtinD  of.  312— CTratolliisd,  813— 

ignited  bv  radintian,  5^— iaomeric  aeida 

of,  217— wilh  gold,  290. 
Phoaphuret  of  araenic.  339— of  iron,  396 

—of  line.  331— of  potoMiuia,  283. 
PhosphureU,  3G6. 
PhoephuifitB  of  mercDty,  309. 
Phosphuroited  hydrogen,  219.t 
Phyiical  reaction,  I. 
Phy.iological  reaction,  3. 
Planta  require  air  and  water,  154 — abaorb 


Pkiii 


J,227." 


>,  tfl7. 


Platinam  or  platina,  993,  394,  396  397. 
FUtinnm,     fuaion  of,   66— icndl,  396— 

aponn,  74,  396,  297. 
Flomb^,  290, 933. 
Flnmbam  coroaam,  319. 
Fnanmatic  cbamiatrj,  83. 
Folarixation  of  light,  80; 
Polea,  nenliTO  and  poatiTa,  197.* 
Polymeric,  335. 

Folyialpbnret  of  h/drogsD,  170. 
Pompholii,  339.     . 

Ponderable  elementa,  107— flnida,  104. 
PorenUin,  368,  907. 
Poroaitj  of  charcoal,  65,  933. 
Foraoa  bodiaa,  933. 
Potaib,  S8S. 
Fotaah,  biehromata  of,  363— Utartnte  asd 


MDnnsta  of,  3M. 
97f-~oUoroplatui 


Potaaaiam,  169, 178, 
of,  996. 

Powder,  bleaebing,  ITS,  361. 

Preciona  atonea,  to,  965. 

Precipitated  anlphnrat  of  antimonj,  349. 

Preparation  of  oxygen,  111,  119 — of  potw- 
ainm,  97B, 

Preaaare,96— of  Uie  atmoaplivra,  14,  15, 
18,  33— an  fluida,  30,  31— of  liqoida.SS, 
33— modifiea  boiling,  34— toatnina  ebe- 
micai  actioD,  43. 

Prince  Rnpert'a  drops,  3S6. 

Principal  character  of  acida,  368 — gronpa 
of  lalta,  358.t 

Priim,  77,  78,  80. 

Proportiona,  deSnita,  93. 

Prolobromida  of  iron,  133. 

Protochlorida  of  irwDic,  335— blMMlth, 
323- carbon,  233— copper,  311,  314— 
cyanogen,  24.')— gold,  391,  393— iodine, 
133— iron,  163,  196,  335— marc nrj,  301 
30C— tin,  330,  337. 

Protocyanide  ofiron,  330 — phoaphnretled 
bjdrogen,  316 — tetenide  of  copper,  316 
— aulphata  of  iron,  183,  186— anlphate    . 


,330. 


Protoauiphide  of  araenic,  335, 336 — copper, 
311— gold,  292-iron,  335,  330— load, 
319— mercury,  301,  308-tin,  331. 

Protoxide  of  barium,  277— biirauth,  S83— 
calcium,  373 — copper,  31 1— iron,  396, 
33ti— lead,  316— mannneae,  354~mer- 
corj,  30I~nickal,  352— nitrogen,  179 


poUwlBmi 
n»— •tmitii 


iUB,  960— rflrw,  396— •odiotn, 


Ji  blna,  330. 
___      teofpiiUih,330. 

Paiap,  air,  31— condciuiD^,  Xf—rxbuut- 
ing,  Z7—foititxg,fn — lifUDr,97 — wmtar, 
le,  SI. 

FnrplB  powder  of  CMno*,  S91. 

PTrdi^aotu  acid,  S3&. 

Pjnnnstar,     6— D«iu«U'a,     7 — Wtiga- 


Qiiuti,a&1,353; 

Quiek  eominiuiicifica  of  fcMt,  69. 

Qnickliaw,  206,906, 274. 

Radiant  light,  75. 

Radiation  of  cold,  55— of  heat,  6G. 

Rodiaton,  54,  55. 

Radical  ofan  acid  or  biie,  tb«  eombualibia 

body  in,  157. 
Rodicala,  metallic,  110, 143 

110,  H3. 
lUdionl  beat,  S2,  56. 


Bun 


i-ilac 


c,  40. 


RorefactioD,  S3,  ^7,  Sil. 

RitionslB  of  fnngibiltty  of  glua,  48— TO' 
frigcraUon  of  a  jet  of  bigS  atMm,  30— 
diveriily  of  radiating  power  of,  64. 

Ravi,  cheoiLcal,  heating,  illomiiutiDr, 
56,  57,  76. 

Reaction, elMliCiOl'air, »!—  intensecorpua. 
cular,  lUti— attractive,  2-repula.vo,  i 

Raaelion  of  particlea  and  masaei  of  mat- 
ter, 1. 

Reaumur'*  scale,  12. 

Receiver,  eihaustod,  22  to  27 — condenaa. 


11,2;). 


Recompoeition  of  water,  153. 

Red  caUsgc,  infusion  of  as  a  lest,  203. 

Red  oiide  of  copper,  311— of  iron,  325- 

ofiead,  3:^4,311)— of  mercury,  302. 
Reduction  of  metals,  2(i3. 
Refleclora,  54. 
Refraction,  7(J,  78. 
Refrangibilitj  of  light.  79. 
Refrigeration,  73,  74,  a:M. 
Registering  thermou 
lUgnl--*' '-  •' 


Remarks  on  noiii 

IIW,  im.     Sec  t:ssa. 
Repulsion,  2— rcpulsii 

loric,  3,  i). 
ReaerToir  for  hydrogei 
Reaervoira,  self-regulal 
Respiration,  21),  '^ii. 
ReBr>Unceofair,2ri. 


cMd,  :l 


,  l!i2,  i:w  i: 


Rhubarb,  tat  for  allcdtM,  VO. 
RocheUe  aalt,  itSff. 
Rock  crystal,  5ti— eall,  5«. 
Roll  sulphur,  13ti. 

Ruby,  T" 
Rum. 


1.231. 
y  lamp,  a3<j,  TCT7. 


foly  iami  . 
Sol  alembroth, : 
Saline  solutions,  llfl. 
Salinity,  358. 
Sails,  lOe,  356. 
Salts  of  the  ocean.  970— of  poMh.  B- 

orproloiido  of  copMr,  314— ^ih^K 

350 -of  soda,  ScS. 
Sonclorio'i  tfaermonMlw.  tl. 
Salurni  arbor,  B6,  33*.  333. 
ScaJo  ofequivaleata,  M. 
Scolea  of  iron,  32^. 
8cheele-a  creeo,  337. 
Scoria,  355, 
Selenacida,  158. 
Selenido  of  anlinwny,  349— uwaic9- 

biamutb,  334— iron,  330— ImI  »- 

mercury,  304— tin,  328— u«e,  30-^ 

phosphonia.  217. 
Sclenisalto,  369. 
Selonium,  108,140.  141.  142. 
Selenium  acids,  or  Mlmaeida,  tST 
Seleniurets,  or  aclenides  of  ptu^M 


reeulatinff 
(ilircheatfi 


ing  thermoanlcrs,  tt 


r.  Sfl. 
Lricit 
pboapbalM,  Sai 
iphorus,  217. 
Sesfjuicarbonsles,  3tTT- 
SeBqiJichloride  of  ant t many. 
■■■'.j,  3:la — of  carbon,! 

Sesqu  icy  snide  of  iron,  33a 
■"■;»iimoiide,     137— ouido    rf 
a»— of  biamnth.  323— of  e 


of  chroi 


,  352- 


,  Xd — of  mmagaaeam,  354. 
.    ipliosphalaa,  3ti3.t 
Sosquisulphide  of  aniiauHiT.  3fe  3C-^ 
3:Ki— of  iron,  325,330 
isd  and  potufc.  3£. 


>r  hydrate  of,  2» 
mradiliov,  *b4  al  hiMi  p.  u 


[  SUked  Ume,  oi  i  oT,  9i,  374. 

81idins-rod  na  mimnini,  ITS. 
i  8m.lt,  :<54. 

SmeU  ofarwDic,  342—o{t\eamm,  HI. 

Smokj  rock  cr]iaUt,  dtatbarouiia  proper- 
li«i  of,  56. 

Saow  and  lalpbiuic  acid,  73. 
i8db|m,S03.' 


— cblorhodi&ts,  350— cb]ori< 
.     ebloroplatimte  of,  395. 
:  Solar  njm,  57. 

Solu  apBctmm,  Tl^,  79. 

Solid  carbonic  acid,  2i&—hydnUiotiibla- 
;      Tins,  119-~aulpliuric  acid,  140. 

Solida,  cjrcnlntian  of  heat  in,  47— eipan. 

T    cold, 

at. 
8ol*eDt.of  gold,  119. 
,  Soraa  from  chromic  acid,  353. 
l,8oan:Mof  heat,  57,  64. 
Bpaoa,  apecific  heat  of,  4G. 
SoKifie  naiUy,  63,  OS,  lUO,  101, 103. 
ic  Beat,  44,  45,  'J»— of  maoa,  46. 
79. 


I  SpiDelU  nibj,  S 


1,997. 

Spiiogaof  Virpnia,  169. 
Stalactite,  366. 
Sutactile,  ealcareoui,  23G. 
Btatet  of  caloric  in  nilure,  74. 
Staatn,  condenaalion  of,  53— decompoai- 
tion  of,  152. 


ftn.t 


,271. 

_le  of  copper.  314. 

Sobnitnte  ofailTer,  300. 

Suboxide  of  araenic,  335— of  potaaaium, 

9«J3— of  aiWer,  2!)!)— of  aodium,  283. 
Suction  pump,  10,  30. 


Sogar  or  lead. 
Surphacidi,  II 


ir  onead,' 

,hacidi,  I5c<,  t>8d. 

Iphate  of  anlimonv,  3l>i — of  barvti 
^6,  365— of  biiiuiilh.  3<;'>— of  coppe 
313— oflead.3(>.'>— oflimc,3(;'>— ofmai 
neaia,  bU,  370— of  incrcurj,  365— of  ai 
Tet,  365— of  aoda,  suspended  crratall 
ntion  of,  FH— itronlia,  365— iharinJ 
370— tin,  365— ytlria,  365. 

Salphatea,  365. 

Bnlphide  of  barium,  27r — of  cadniium,  353 
— of  copper,  31.'j — of  lijdrogBn,or  aul. 
phjdhc  acid,  100.  167 — nf  oianganeBo, 
354— of  molybdenum,  3)1— of  platinnm, 
897— of  polMh,  136— of  Mlenium,  143 
— of  «lT«r,  9iRt— of  zinc.  331,  333 

Salphidsa,  135,  3^.  :)59— of  antimony, 


-of  mercury,  301— of  pkoa- 


..,..  .ji— chloridei  of,  140. 
ou  U,  .ulphidea,  135,268. 

Sii.^ Ited  hydrogen,   166,   17<0.     Bm 

^cid,  mljAyitie. 
Sulphur  springs.  IGQ.  299. 
Supercarbonsle  of  ma^neaia.  271. 

Saiiwet,  radiating,  54. 
Kurulids,  or  bioxiJe,  of  barium,  376. 
Symbola,  ohoiuical,  1(6. 
i^ympatliBtia  piolure,  169. 
S/ntbeiia  of  ammonia,  207— of  cUomkT. 
dric  acid,  IGU— of  nilroua  add,  184. 

Table  of  affinity,  93— of  eqiiivalenll,  180 
— offrDatins  iniiturea,  73,74— of  nM- 
Ul>,  362- uf  weigbia  oF  gaaei,  104— «f 
volumea,  169. 

Tatina  eallaie  of  iron,  i.  e.  ink,  337. 

Tanlable,  354. 

TsnUlum  (aae  Ce/wmliim),  354. 

Tartar  omeUc,  346,  3l!8. 

Taitralo  of  iron  and  pobuli.  3IB-«f  uli- 
moity  and  potoah,  346, 36d— of  Iwtd,  UT 
— ot  poUah,  2f;2— of  potash  and  Mda, 
aal  Itochelle,  309— ofaoda,  -J!^' 

Tail  tu  tea.  368.  i 

Telluriacida,  158.  389. 

Tellurhydrateg,  158. 

Tolluribiiae,  360. 

Telturide  of  meTcury,  304. 

Telluridea.  369,359. 

Telluli-MlU,  143,360. 

Tellurium,  lOd,  143,  167. 

TeQiperature  and 


3a3— ofalUer,  119,  3!)i^4— of  aada,8aS. 
Teurtocarbohydronn,  336,  340. 
Theory  of  atoma,  (&~-of  chlorine,  166— of 

electru-magaetiam,  appendii— of  Jf«Uo- 

ni,  .^i6.*-of  phlogiston,  l!f6. 
Theory  of  Tolamea.  1S7. 
The  rmo-e)ec  trie  batterjea,  333.1 
Thermo-elecl/ic  pile,  W.f 
ThDrmometer  of  Sanclorio,  II. 
Thormomelon,  10.  14.36. 
ThenuDscope  of  Melloni,  5a 
ThiUoriar's  proc-eas  for  aunealatian  of  oai- 

bomc  acid,  44,230. 
Thomaon'a  equi Talents,  M. 
Thoriua,  369, 370. 
Thorite,  369. 
Thorium,  869. 
Tin,  B»,  299,  380. 
,  TiiwJor,  921. 

Tin,  cryalalline  liydralo  of,  331. 
>i  j  Tin,  hydralcd  bin;dd«  of,  3SU. 

'     1  Baa  ladn  la  tkmtMtj. 


TiUDlum,  3&5. 
Topaz,  265. 

Torricellian  ax  perl  men  1,  17, 
ToughnoM  of  meUlfl,  203. 
Trans  Id  iasion  orconUgion,  3S3. 
TriiicBtalaofloail,3l:^. 
Tribrnmide  of  gold,  392. 
Trichloride  af  gold,  2!ia. 
Trioiide  of  geld,  ^1. 
TriBulpbideofgold,2»2. 
Trilocubobydrogon,  235. 
Tubalaled  retort,  figure  of,  Hil. 
Turmeric.  2l)3,  277. 
Turpelh  rainenl,  303. 
Tungtlen,  3.>3. 
Tjpe  metal,  S3. 

UndaUtions  of  light,  75. 
Uraniuni,  355. 
Una,  SM4. 

Vncnnm,  43,  46,  70,  71— Torticellii 

Vanadium,  355. 

Vspeat,  40,47-~Bene]maon,  43-«f  chlo- 
ride of  carbon,  233 — ethereal,  47 — of  i 
dins,  131— of  sulphur,  ISti 

Vaporiialion,  31,  37,  40— cold  produced 
by,68— ofice,7l. 

Vegetable  colouring  matters,  203 — cbar 
coal  reoiovo  Ibem,  ^U_-deBlToyed  bv 
chlorine,  110 — by  hjpoehlorous  acid, 
134— by  hjpoohlorites,  361. 

Velocity  of  sound  necelerated  in  hydr 
gen,  I4G. 

Vinous  fcrnientati0D,22G. 

Vitality,  B  Bource  of  heat,  64. 

VitriRed  borax,  3ot1. 

Vitrioliled  tartar,!.  e.Bulphati  potoies,  357 

Vitrlot,  colcothar  of,  328. 

Vitriol,  oil  of,  13a. 

Vitreous  compound  of  antimony,  348. 

Voice  affoeled  by  hydrogen,  147. 

Volatile  alkali,  204— oiide  of  osmium, 
— oxide  of  eelenium,  141. 

Voltaic  current,  action  of,  on  phospho 
311. 


oMteT,  178. 

ir,  150,  151,  1S3,  154,  3Sl-ttk  ii 
acid  with  bura,  151— acta  fib  ■ 

.  d  with  lime,  X74 — acta  Ub  a  tal 
Ih  acids,  161— am  >l>K>rten(.IKt'4 
r — congeUlion  rf,  69 — exyiwM  «( 
•frouD  bj  boiling  etliar,  66  ■■if 
d,  fiSl— of  eryaullinlioo,  l)-«^ 

,  aatad,  156 — pomp,  l»--ba»:,  Sti^ 
nic  Chemistiy  uai  ApHtadii,ti* 

—/a  on  nomBadaloiv,  nJt,  and  nM 

Weight  of  air,  104— of  Dm  abnoMbnH 
le-of  «Ms,  104— of  flni^  IM-' 
••■am,  104. 

[faiDg  in  Tacm,  104. 
ihu,  atomio,  96, 97. 


V 


Img  procea 

-el  bp,  44. 

te  hydrata  oTinm,  32G. 

(e  ■nlpbnr  spTinfa,  199. 

I  oat,  M*rd  ot,mamn  hjgnmum,  4 

di  from  the  African  da— rta,  aiflt 
..  154. 

da  replete  with 
d  gauia,  S36. 

lulon'a  eqni*«l«ntB,  94,80    u}^ 


Tttria,  S69, 

Tttrio  carite,  969. 

Tttrio  tanulit«,  269. 

Yttrium,  269— chloride  of,  S8K.  I 

Znifi-e,  354. 

Zinc,  SI,  331— acetate  of.  00,  SO-OP 
bonnle  of,  331— cj-anide  of,  XO-tn* 
ridBof,:m— iodide  of,  333-oiitH  i 
331— selenide  of,  33.T — silicaleof,  JS- 
Bulphatc  of.  Xll— sulphidf  of,  331. 
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I  of  ammonia,  460— of  tunpteb, 
if  molvbdeDam,  459 — of  oude  of 
,663— sf  |HiiMmB,575. 

Koflead,  459,460,  496. 
id  oxida  of  alhyl,  acetic  etb*r,  Mi. 
a,  391. 

a  rcrmentation,  59C,  538. 
.or  aectule,  3T7,3£Q,54T — chlorida 
19,  5»>— cbIoroh;drale  of  chloride 
(9^ — oiychloride  of,  !ut> — Irioxida 
>7— tfioiide  hTdrated,  45C. 
calic,  379,  456,  458,  547, 597— ace- 
471,  547— aidehydic,  547-alloi- 
4d8— uoiniric,  445— benioic,  3d3, 
450,  47C,  492,  588— broroohydric, 
-bromouliculic,  4H2— butyric,  435 
Ttie,  473— caflee  taaoic,  47^1— ca- 
4Zi— eaproic,  425— carbonic,  372, 
>63, 584,  :.8(i-—c  eta  brie.  573— chlo- 
153— cblarochToniic,  482— ebtaro- 
ic,  564-chloro.aIicuUc,  48l^cbo. 
576,  589— cholic,  577— choloidio, 
588— oholopholic,  445— cionamio, 
150— citric,  4<11— ciUaconic,4(i2— 
lalearie,  425 — crolonic,  4K— cyan- 
ic, 375" — oyanoialic,  4tf4 — cyan- 
45r)_delphinic.  42.1- dialutic,  490 
idic,  4t£)— crythric,  487- ethalic, 
-elheroiulphurouB,  537 — elbionic, 
-fellinic,  577— formic,  471— formo- 
jlie,  478— formous,  471— fumaric, 
-fuming  nitric,  4411*— gallic,  455, 
-glucic .  470— r  usiacinic,  464- hip- 
,  3»:t,  477,  4!)a,  .588— bumic,  584- 
aulphobeniale,  475 — hypoaulpho- 
tbalir,  475— hy  poaulphuroua,  475— 
«liculic.482-i>ethionic,  475,  530 
coDic.  462- kacodylic,  393— lacUc, 
56a,  598— liEnoaulphuric,  410- li- 

*  Bm  laorfuk  Cbemitlr^ ■ 


IhofeKie,  578— malic,  4e3--marnrii:, 
4^.  447— meoonic,  451,  4C9,  4ct7— ms- 
Tanic,  481— maluaie,  470— meaoialie, 
4f<8— nincic,  399,  471 — roycomelinia, 
4f«— royriatjoic,  435— myronie,  597— 
nitric,  453*— mln>i«.nJtrio.  433*— oitra- 
■aliculic.  4S^-oleic,434 ,  435,447— oIm- 
phoaphoric.572,573— o«lbydrie,470— 
oiialic,  372* — oxaluric,  4eB— pa]mali«, 
42*^— patabanie,  486,  488— panUrUrie, 
162 — pimaric,  445— pioie,  445 — pyn*- 
gene,  455 — pyroligneoaa,  44(1 — pyro- 
marie,  445— racomic,  46S— ricinic,  4Sa 
— ricioDol»ic,4aa — riciiiaatBario,49^- 
aaccbaric,  470~aaIiCDbydric,  479— call, 
culic,  481  — aaliculona,  479,  531— I  " 
479— alcaric,  425,  447— aue 


ilphoiiroteic.GM 
— ■ulpboaaecharic,  475— aulpbonaio, 
474,  532— aulphutie,  4iir— aylric.  446 
taniiic,  4Gu,  473— Unaric,  417,  460— 
larlralic,  463 — tartroTinic,  474 — IhiDnn- 
rir.  488— iirBmilio,4s9,  JitO— uric,  484, 
485,  579— uric  anhydroui,  466— valni- 
anic,  473,  562— xanthoproteic,  564. 

Acidifiable  ladicala,  377. 

Acids,  bibaiic,  454,  45G — from  ganltheri 

'""    <■- ,„,_  470 — niono'--  '-    ' 

,  Jri-p,ro| 
454,  456— volatila 

Aconitia,  or  acooitine,  512. 

Aconituni  napellua.  512. 

Adjective  dy«>,  419. 

Ai;edoi1s,5£). 

ArbumeT>,4ll,5C4,5(S, 
415— rageUbls,  413,  415. 

Alcaigen,  alcarain,  393, 

Alcohol,  3T4,  384, 468,  647, 
561— Blhylic,  384— melhylic,  5BZ. 


4li2^riom  (ugar,  470— taaDobaaic,~45<I 
-polybaaic,  471 — pyrageae,  466--tii- 
•_;..  Afj   A?ji HrtUiM-   t(n 


Xll 
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Aleonune,  528. 

Aldehyde,  389,  547,  548— ammoniated, 
548-~inentic,  560, 5G1— resin  of,  549. 

AlisDiine,  528. 

Alkalies,  organic,  493,  49G— vegetable, 
493,  494. 

Alkaloids,  49a 

Allan toin,  487. 

Alloxan,  486,  487— hydrated,  490. 

AUozatin,  486,  489— dimorphous,  490. 

Almonds,  bitter,  oil  of,  432,  441. 

Aloes,  451. 

Altheine,  523. 

Alumina,  419* 

Amanitine,  528. 

Amber,  443^  452. 

American  oil,  453. 

Amide,  372, 377, 380. 

Amido  chloride  of  mercury,  376,  381. 

Amido  subnitrate  of  mercury,  381. 

Amidurets,  376. 

Amiduret  of  benznle,  442 — of  hydrogen, 
380. 

Ammeline,  and  ammoline,  496. 

Ammonia,  371,  380,  586^— benzoate  of, 
477^-cyanate  of,  579 — humate  of,  584 — 
magnesian  phosphate  of,  582 — purpu- 
rate  of,  490— eaiiculite  of,  480— orate 
of,  582. 

Ammoniac,  451. 

Ammoniacal  gas,  434.* 

Ammonium,  372,  376,  380,  392*— oxide 
of,  455. 

Amygdaline,  38a 

Amyl,  or  amule,  377,  395— bromide  of, 
562— ethers,  561— iodide  of,  562. 

Amylic  alcohol,  561. 

Analysis  of  blood,  570— organic,  497 — ul- 
timate, 374 — of  urine,  5ttl. 

Angustura,  false,  505. 

Anilina,  or  aniline,  519,  520. 

Anhydrous  formic  acid,  556. 

Animal  growth,  582 — life,  586 — products, 
372 — substances,  563. 

Animine,  496. 

Anodyne,  Hoffman's,  534. 

Anthracite,  452. 

Antiaria,  or  antiarine,  516,  528. 

Ants,  471. 

Aorta  of  the  ox,  595. 

Apirine,  406. 

Aqua  ammonia?,  431.* 

Arubin,  31)9 — metamorphic,  399. 

Aricine,  504. 

Arterial  tibrine,  567. 

Arthanitine,  527. 

Artificial  camphor,  431) — cold,  530 — diges- 
tion,  590— fut,  42.'>— fibrin,  r>(i7— naph- 
tha, 453 — oil  of  ants,  557 — tannin,  4l)0. 

Aaclepine,  528. 

Asparagine,  523. 

Asparamide,  523. 

Asafcetida,  446,  451. 

Association  of  ve^table  bodies,  375. 

Astringency,  465. 

Atropia,  atropine,  512,  519. 


Sc«  Inorganic  Clif nuMiry 


Azaridine,  496.  

Balsam  of  Fern,  38^— Tohi,  383^  461. 

Balsams,  450 

Basacigen  class,  376. 

Base,  ^. 

Bases,  organic,  493. 

Basic  equivalents,  455. 

Basic  saliculate  of  lead,  480. 

Basic  sulphate  of  qoinia,  508. 

Basic  water,  453,  455. 

Bassorin,  399,  452. 

Bdellium  resin,  446. 

Beans,  568. 

Bean,  tonka,  481. 

Beer,  Bavarian  procei  for,  507. 

Beeswax,  447. 

Belladonia,  or  bellmdonine,  SIX 

Bengal  opiam,  526. 

Bensamide,  383, 442L 

Benzole,  438. 

Benzoated  oxide  of  elhjl,  544. 

Benzoic  etlier,  544. 

Benzoate  of  ammonia,  477. 

Benzoile,  377. 

Benzule,  377. 

Benzule,  or  benzyl,   377, 
of,  441. 

Berbina,  519. 

Bezoar  stones,  578,  589. 

Biamido  sesquinitrate  of  i 

Biamido  sulphate  of  mercoij, 

Bibasic  acids,  454,  456. 

Bichloride  of  formyl,  557. 

Bichlorinated  chloride  of  metkjl, 

Bichlorinated  oxide  of  methyl,  ^' 

Bihydramide,  380. 

Bihydrate  of  etherine,  38^ 

Bihydruret  of  amide,  380. 

Bile,  576,  587 — acids   of,  576,  577- 
of,  578. 

Biliary  calculi,  .'>73,  57G,  578. 

Biline,  577. 

Biliverdine,  577. 

Bioxidc  of  lead,  4-'^].» 

Bisulphide  of  ethyl,  .%4r.. 

Bitter  almonds,  oil  of,  or  hydmret  of  b» 
zule,  3^2. 

Bitumen,  374,  4.' 2. 

Black  elder,  4.")7. 

Blancliinino,  41K"». 

Blood,    analysis    of,    .')7(^ — arterial.  V*- 
mcn.stnial.  .'M17 — ven<>U!«.  .'•♦'»7.  .Vi'^ 

Bone  eartli,  .■)74 — bones,  ."»7:'.. 

Brain,  572 

Broad,  leavened,  417. 

Brewintr.  Liebi«r  on   Bavanan  procMS '< 
,      5l»7. 

Bromide  of  aretvl,  .V»0. 
'  Bromide  of  amyl.  '><;•,> — of  ctijvl.  .>4o 
I  Hromirie  willi  fortnvl,  .V>7. 
!  Bromoform.  .V>^ 

Bromohydrate  of  bromide  of  ac^trl. '**L 

Bromosaliciilic  acid.  4>:2. 

Brucia,  or  brucine,  C>05. 

Bryonia  alba,  .525. 

Bryonino,  525. 


INDBX. 


lUl 


Bnenine,  528. 
3.1    Batter,  422. 

Batjrrin,  422, 425. 
Boxine,  496. 


Caffeioa,  or  caffein,  495, 510. 
Calcium,  372.* 
Calculi,  578,  582. 

Calculus,  fusible,  582— mulberry,  582, 58a 
Camphelene,  440. 
Camphene,  440. 
Camphogen,  4.')2. 
C^amphor,  artificial,  439. 
Camphor,  438. 
Camphor,  liquid,  438. 
Candle,  necessity  of  wick  to  a,  430. 
Cane  sugar,  402. 
Canelline,  528. 
Caoutchouc,  371, 448,  449. 
Caoutchouchine,  432,  448. 
Caprin,  422,  405. 
Caproin,  422,  425. 
Caramel,  403. 
Carapine,  496. 
Carbamide,  381. 
Carbon,  371.* 
Carbon,  hydrates  of,  373. 
Carbon,  hydruret  of,  438. 
Carbon,  perchloride  of,  556. 
Carbonic  ether,  543. 
Carbobydro|en,  562. 
Carbonic  onde,  375. 
Carmine,  420. 

Camivora,  urine  of,  581,  590. 
Cascarilline,  528. 

Caseine,  568,  569,  411,  418, 564,  567. 
Casaiine.  528. 
Castor  oil,  427. 
Caatine,  496. 
Catalysis,  599. 
Catechu  mimosa,  469. 
Cathartine,  525. 
Cellulose,  410. 
Centaurine,  528. 
Cerain,  447. 
Cerasin,  399. 
Cerifera,  447. 
Cerine,  447. 
Ceroeie,  448. 
Cetene,  398. 
Cetraria  islandica,  525. 
Cetrarine,  525. 

Cetule,  or  Cctyl,  377, 398, 425, 562— chlo- 
ride of,  398 — hyd rated  oxide  of,  398. 
Charcoal,  or  carbon,  372.* 
Cbelidonia,  chelidonine,  512. 
Cbelerythrina,  495,  511. 
Chelerythrine,  4%,  511. 
Chemical  type,  378. 
Chemico-electric  reaction,  409. 
Chicoccine,  496. 
Chinova  bark,  496. 
Cbinova  bitter,  526. 
Chloral,  551. 
Chlorarsin,  393. 
Chloride  of  acetyl,  549,  550. 
Chloride  of  calcium,  374, 433. 


*  8m  Inorfsok  Chesftlstry. 


Chloride  of  ethjrl,  545. 

Chloride  of  mesityl,  560. 

Chloride  of  methyl,  556. 

Chlorides,  377.* 

Chlorides  of  formyl,  395. 

Chlorine  other,  549. 

Chloroform,  558. 

Chlorohydrate  of  chloride  of  formyl,  558. 

Chlorohydruret,  496,  502,  504. 

Chlorohydruret  of  cinchonia,  504. 

Chlorophyll,  420. 

Chloroplatinate  of  chloride  of  acetyl,  550. 

Chlorostlicine,  522. 

Chlorosaliculimide,  482. 

Chloroxalic  ether,  550. 

Choleate  of  lead,  577. 

Choleate  of  spda,  578. 

Cholesterine,  570,  573. 

Chondrine,  572. 

Chromate  of  lead,  375. 

Chyle,  576. 

Chyme,  576. 

Cider,  457, 598. 

Cinchonia,  or  cinchonine,  494,  504. 

Cinnamon,  oil  of,  440. 

Cinnamule,  or  cinnamyl,  377. 

Cinnamyl,  hydrate  of,  450. 

Cinnaruorin,  445. 

Cisampelina,  or  cisampeline,  495,  518. 

Clay,  431. 

Classes  of  radicals,  377. 

Cloyes,  oil  of,  440. 

Coagulated  caseine,  568. 

Coal,  mineral,  452. 

Coal,  naphtha,  432. 

Cocoa,  analogous  efiects  as  food  to  those 

of  coffee  and  tea,  592. 
Cocoa  stearine,  422. 
Cochineal,  420. 

Codeia,  or  codeine,  451,  494, 501, 519. 
Cofiee  seeds,  473,  514,  592. 
Colchicina,  or  colchicine,  495,  506. 
Colchicum,  507. 
Colletine,  528. 
Colocynthine,  525. 

Colophonium,  colophony,  or  roain,  442. 
Colouring  matter,  vegetable,  or  dyes,  419. 
Columbine,  526. 
Compound  element,  376. 
Compound  radicals,  375,  377. 
Compounds  of  proteine,  591. 
Conina,  or  coneine,  495,  514. 
Contraction  of  arteries,  595. 
Copaiva,  446. 
Copal,  446,  453. 

Copper,  carbonate,  403— subacetate,  403.* 
Coradalina,  or  coradaline,  495. 
Coriarine,  528. 
Cornine,  528. 
Corticine,  528. 
Corydalina,  519. 
Crotonine,  422,  496. 
Crystallizable  sugars,  400. 
Cubebs,  527. 
Cubebine,  527. 
Cucumis  colocynthis,  525. 
Currants,  462. 

*  8m  loorgaaie  Chemistr j. 
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Cnmrins,  0 
CjranajHDO,  496. 
CTuuimin,  393. 
Cjtaaia  ofuninDiiiR,  579. 
Cjuide  of  meUiyl,  55G. 
(^anidoi,  377,' 

-     -      *     ■     1,503. 


Dalleiocllin,  .^04. 
Diphnine,  49G,  528. 
DitiMioe,  52CJ. 
Dituria,  513. 


Oelpbini     . 
Deniity  of  easenlial  oils,  434. 
DenvativG  nidie&li,  37!). 
Deilrino,  407,  40(j. 
Diabetic  urine,  401. 
DiunoDd,  372.' 
Diuliue,  407. 409. 
DiecBtion,  arljficitl,  090. 
Digilaline,  49G. 
DioicainG,  SU^. 
Distillation.  373— drf,  38S> 
Dulcaman.  509, 
D}eiag,4l9. 
Dvei,  419. 
DytlUine,  577. 

Elaldefayde,  549. 

Elaoptei],43l,43a 

EUleriuni,  535. 

Ematia,  or  emstina,  603. 

Emalun,  383. 

Eqnlvalenti,  baiic,  456, 

Ergot,  401. 

Ergotine.aaO. 

Erylhroprolide  of  potaah,  565, 

Eienbeckine,  496. 

Eoenlial  oils,  371,433,441. 

Ether,  acetic,  543— benioic,  544 — biehlo- 

rine,54!>—carboDic,  543— chlorine,  549 

— furmic,  543— .(Eniinlhic,  544— oialtc, 

383,  543— autphuiic,  52»— aulpburous, 

537. 
E[hBrire,3:'ri. 
Etherole,  533. 

Ethers,  simple,  .145 — forrajl,  556, 
Ethvl,  or  etiiule,  377, 384. 384i— bisulphide 

ol;  54(i — broinido  of,  545 — chloride  of. 

54't — cninpnurids   of,    'i>X — cyanide   of. 

54G— funiiittted  oiide  of,  ,>l:i—h)'d rated 

cenanthaled  oxide  of,  544 — iodide  of,  ,>!,'> 
—Mlenldo  of,  54 1'>— sulphide  of.  f>4.'>— 
Bulpiiydrnte  of  the  Bulnliido  of.  541;— 
Urtrale  of  the  oiide  of,  .M4— tolluride 
of,  546. 

Eupalorine,  406. 

Euphorliine.  496. 

Euphorbium,  451. 


1,  4.3G,  439. 

mUblo  mattar  of  diakMw,* 
mlotioD,  596,  596,  GOt. 
i         ,  411,  415,  &67— u1«nl,S-« 

.„  J,  567, 
Fiieii  oils,  436,  429. 
Flu,  109, 

Ftuat.de  oT  calcium,  574. 
Fluoridei,  377. 
Fluorine,  372. 
Food  in  cold  climataa,  587— MMiai 

mitei,  567 — of  TageUhlM,  58S. 
Fermitted  oxida  of  •thvL  "~ 
567. 


Faaail  copal,  446. 
FiaziDine,  5S& 
Fumarine,  496. 


Gal bi nam,  451. 
Gamboffe,  451. 
Gu,  chlorohjt 


ihjdric  acid,  S30l 

jaice.576 

ria.  47a.  483,  531. 

s,  571,591. 
3UB  Laauti,  571. 


pe  siiifar,  4l>3,  404. 
y  part  nf  brain,  573, 
iiui-lne.4li4..'.3<i. 


na,  5ie. 
Min,  SM. 
fibrei  of,  409, 4ia 


-ofmeihvl,  3M,&53. 

ret  or»Dide.  300—  of  beniule,  389, 

^fcinD.iny1,3Sa. 

:cUleofmaiiiionis,54a. 

?*tauaiicid,39lJ. 

itnta  of  oxide  af  methyl,  554. 

ilniui  ether,  539. 

iclical  radiol,  384. 


'  iodide  of  laeutjrl,  560. 
tie*  of  nin  wiitar,  583. 
ica  of  heat,  373. 

■ugu,  405. 

>le,  or  eoagulsted  GbriDB,  567. 
□f  *niTl,  5(iS— of  e  tb  yl,  545— of  me- 
.555. 
1. 377— iodidei,  ilLBline,  619. 

3JS.' 

i»nhB,S08. 
73,595. 

ca  celraria,  535. 
m,  571. 
.lack,  574. 

ina,  or  jainaicina,  496,  518. 

ftalna,  5>ti,  SI3I — pancreatic,  576. 

lie,  or  kaciHlj-l,  377,  393— chloride 
i;l— cyanide  of,  393— hvdrated  Iri. 
'  of,  393— oxide  of,  393— aulphjde 

a. 

le,  432,440,  441. 
404,  574. 


419. 

iiie,538. 

'•abatitution,  379. 
,5G8. 

tiangca  dunng,  583. 

polariied,  4Ub'— polariiation  of,  by 

rine,  406— by   bUioIi,  406— by  an. 


•  Om  iHrfask  CkaaMti 


Lilacine,  5S9. 
Lime,  oxalate  of,  G6i. 
Limn- water,  374. 
Liquid  camphor,  438. 
Liquorice  lugar,  106. 
Liquids,  375. 
Linodendrine,  53S. 
Lobelia  ItiHitB,  516. 
Lobetiua,  515. 
Lubcliile,  515. 
Lupuliue.  b-iG- 
Lute,  chemical,  448. 
Ljmpb,  579. 


Msceratioa,  433. 
Magnoaia,  497. 
Ma?neaiuni   "" 
Moiie,  414. 
Mall  wort,  409. 


372. 


1,  4()G. 
Manna  tagai,  4CU. 
Mannilo,  llHi,  4(iO. 
Manurei,  585. 
Mareatinc,  433,  49G. 
Meadow  snflroD,  507 
Meconin,  451,453. 
Meconine,  537. 


Mctamino,  530. 
Mclanipyrine.  528. 
Mellon,  377,  379, 
Membrane,  eclerial  oi 
Meniiparmia,  519. 
Meniipermine,  40G. 
Mcnthon,  459. 
MenyanthiDe.  638. 
Marcaptan,  546. 
Meiile,  .SS9. 
Meaiton,  BSD. 

Meaiiyl,  or  meailylene,  377, 660. 
Melacatone,39l 
Mouldeliyilo.  549. 
Metbal,  MW. 

Methyl,  or  melhule.  377,  3M,  471— oom- 
pound>  of,  55C— cyanide  of,  655— ethen, 


iinpatitloii  oT,  67% 


MothybJ,  557. 

.M.,ilivlic  almliol,  553— ether,  661— mar' 

MelLylous  byponilrous  ether,  K4. 
Milk,  401,4^7,400.  574. 
Mineral  coal,  374,  452. 
Minoml  naphtba,433. 
ModiGcationa  of  pioteine,  564. 


M. 

Molybdei] 


a,  401. 
nnm.  f 
a,  4.W. 


..  peculiar  inMlaUllty  of  iti 


Momordiea  elaterium,  535. 

MoDobasic  acida,  454,  455— Mlla,  456. 

Monkhood,  512. 

MordanU,  419. 

Morphia,  or  morphiae,  496. 

Mould.  68S. 

Mucus,  679. 

Mudarioe,  5%. 

Mulbern  calcnina,  SSSt,  686. 

Muroiide,  4:N),  491. 
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Mvrimta  of  morphim,  600. 
Muscular  fibre,  570--tiflsae|  570. 
Mushrooms,  401 — sugar  of,  405. 
Myrica  an^ustifolia,  447. 
Myricine,  447. 
Myristicine,  422. 
Myrrh,  451. 
MyrtleberrieSy  447. 

Naphtha,  452— artificial,  453. 

Naphthene,  452. 

Naphthol,  452. 

Narceia,  451,  501. 

Narcitine,  528. 

Narcotina,  or  narcotine,  451,  501. 

Nervous  matter,  572. 

Neutral  organic  principles,  521. 

Neutral  sulphated  oxide  of  methyl,  553. 

Nieotina,  or  nicotine,  515,  520. 

Night  shade,  509. 

Night  soil,  cause  of  efficacy  as  manure, 

586. 
Nitrated  hydruret  of  cinnamyl,  383i 
Nitrated  oxide  of  methyl,  553. 
Nitrog^en,  372.* 
Nutrition  and  growth,  582; 

Oak  galls,  465. 

Oats,  gluten  in,  414. 

Odorine,  496. 

QQnanthated  oxide  of  ethyl,  544. 

(Enanthic  ether,  544. 

Oil  of  amber,  453— of  ants,  artificial,  557 — 
of  anise,  439— of  asarum,  439— of  bella- 
donna, 428— of  bitter  almond,  384,  432 
—of  black  mustard,  432,435— of  cloves, 
440— of  cinnamon,  383,  440— of  cubebs, 
439 — of  elecampane,  439 — of  fennel,  439 
— of  hops,  435— -of  horse-radish,  435 — 
of  mustard,  517 — of  parsley,  431) — of 
peppermint,  439 — of  potato  spirit,  473 — 
of  olives,  423 — of  onions,  435— of  rose, 
439 — of  sassafras,  445 — of  spirea  ulma- 
ria,  384, 483— of  sunflower,  428— of  tur- 
pentine, 439 — of  water-pepper,  435 — of 
wine,  533 — of  wine,  heavy,  533. 

Oils  and  fat,  421. 

Oils,  fixed,  421,42a. 

Ole-esscnce,  431. 

Olefiant  gas,  549.* 

Olein,  422,  425. 

Olivile,  528. 

Olivine,  528. 

Opium,  451. 

Organic  alkalies,  498 — hydrates,  373 — sub- 
stances, 371 — tissues,  372. 

Osmazome,  570. 

Oxacids,  4G4.* 

Oxalate  of  ammonia,  381. 

Oxalated  oxide  of  ethyl,  543— oxido  of 
methyl,  555. 

Oxalic  ether,  543. 

Oxalurato  of  ammonia,  400. 

Oxamide,  381,382. 

Ox  bile,  588. 

Oxide,   carbonic,  381 — of  copper,  374 — 

'  Sie  Inur^uic  Chciuiairy. 


^^^b/tS 


Rf/— or  meniyj,  odO— <^ 
Glides,  377. 

Oxidized  iron,  use  of,  as  a 
Oxychloride  ofacetal,  550. 
Oxygen,  371.* 
Oxygen,  volatile  oils  con 
Oxysulphide  of  acetal,  550. 


Palmatine,  422. 
Palm  oU,  422. 
Papin's  digester,  505. 
Paraffin,  452. 
Paramenispermine,  496. 
Paramorphia,  451,  500. 
Peas,  legumen  or  vegetable 

414,  5m. 
Peat,  585. 
Pepsine,  575. 

Perbromide  of  fonnyl,  557. 
Perchlorate  of  oxide  of  ethyl,  54L 
Perchloric  ether,  541. 
Perchloride  of  carbon,  556. 
Perchloride  of  fonnyl,  557,  558. 
Perchlorinated  oxicle  of  methyl,  SBi     \ 
Periodide  of  formyl,  557. 
Phenomena  of  fennentatioo,  600,6fl^iB ' 
P^loridzeine  and  phloridsine,  S& 
]     [>sphate  of  ammonia,569— ofhaik^ 

>74,  582. 
1     osphorus,  372, 415. 
Irnillyrine,  528. 
Picrolichenine,  525. 
Picromel,  578. 

]     rotoxia,  or  picrotoxine,  516,  tSk 
]  ••  omentum  nigrum,  572. 
1     ler  cubeba,  o27. 
I  »i.ayine,  496. 

Platina  sponge  and  black,  471, fiW- 
Plumbagine,  52<). 
Polarized  light,  408.* 
Polvgala  senega,  520. 
Poplar,  :k^4. 
Poppv,51!>. 
Popiilino,  i')23. 
Potash,  407. 
Potassium,  372,  385.* 
Primuline,  528. 

Principles  devoid  of  nitrogen.  i»^< 
Proof  spirit,  best  solvent  lor  guo 

451. 
Protoine,  5<>4 — compounds  of,  j^^I- 
Protide.  5C>.''). 

IVolochloridc  of  formyl,  .V)7. 
Pseudoinorphia,  451,  'MO  . 

Pteloyle,  5hO_^},loride  of,  50J>-W*'*** 

oxido  of,  5l»0. 
Pus,  .^)7'> 

Putrefactive  fermentation,  0<)4 
Pyrctine  resins,  443. 
Pyrelhrine,  52:^. 
Pyrogene    acids,    455 — oils,  44*-'^*"* 

44:1 
Pyroxylic  spirit,  394,  552. 

Quadroxide  of  nitrogen,  41H). 

*  See  Inorr&nic  Cb«uu:n 


'  meidow,  384. 
linine,  501,010. 
i:  sulpliBU  <^,  503— neatnl 

r,  503— pbMpiuta  of,  ua— 

3.  504. 
uk,496, 

mpouod,   primitive,   derira- 


■apoDiGcitioii  of,  444 — table 


eat  dough,  317. 
rapa,!>He. 


potuh,  480. 
liculo,  377,  3; 
uretof,  521. 


hs  blood,  570. 
■ceUte,  4G0- 
ral  ofDitrogen,  377. 
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EMENDATIONS 

ecting  the  Isomeric  Acids  of  Phosphorus j  the  Atomic  Weight 
of  Silicorij  and  Composition  of  Silica. 

will  be  perceived  by  the  readers  of  that  portion  of  this  Com- 
ium  which  treats  of  '^  acids  relatively  to  the  proportion  of  base 
red  for  saturalion'^(5181),  that  a  new  doctrine  has  been  ad- 
k1  on  that  subject.  Consistently  a  very  important  modification 
een  made  with  respect  to  the  three  previously  supposed  isome- 
ates  of  phosphoric  acid  (1153).     They  are  inferred  to  differ 

each  other  only  in  the  proportions  of  water,  or  other  base 
\\  they  require  severally  for  their  (tf|aration;  so  that  there  is  a 
•basic,  a  hi  basic,  and  tri basic  phosphoric  acid  (5184).  When  in 
ate  heretofore  designated  as  freCj  they  are  considered  as  con- 
ing three  phosphates  of  water.     This  assumed  constitution  of 

isomeric  acids  has  been  represented  by  Dr.  Kane,  and  other 
ctable  chemists,  as  affording  strong  evidence  of  the  existence  of 
ound  radicals  in  certain  salfs.  Hence  having,  in  arguing  against 
xistenceof  such  radicals,  adverted  to  the  constitution  of  the  dif- 
t  phosphates  of  water,*  I  deem  it  expedient  to  give,  in  the  Ian- 
3  of  Dr.  Kane,t  an  account  of  the  acids  of  phosphorus  to  which 
3nce  is  made,  and  of  their  habitudes  with  basic  water  and  other 


e  Phosphoric  acid  has  a  frreat  affinity  for  water,  coinbiniD|r  with  it  mlmovt  ex- 
(ly.     It  may  form  three  diBtinct  compounds^  phosphates  vfwaUar^  the  constitu- 

'  which  is  as  follows: — 

Monobasic  phosphate  of  water,         •        -         PO*  -4-    HO. 
Bibasic  phosphate  of  water,  •        -         PO* -f"  2HO. 

Tribasic  phosphate  of  water,  -         -         PO^  +  3UO. 

I  relation  was  first  established  by  the  reiearchet  of  Graham.  Phosphoric  acid 
les  not  only  with  water  in  these  three  proportions,  but  each  of  them  is  m  type 
ries  of  salts,  which  the  phosphoric  acid  is  capable  of  forming.    Thus,  there  is 

of  monobasic  phosphates,  another  class  of  hihasie  phosphateSj  and  a  third,  which 
nost  common,  of  tribasic  phosphates ;  the  water  contained  in  the  phosphates  of 
being  replaced  to  a  greater  or  less  extent,  by  means  of  equivalent  proportions 
nonia  or  metallic  oxides, 
ilution  of  phosphoric  acid  in  water,  may  contain  any  one  of  the  three  phos- 

of  water  that  have  been  described,  and  when  neutralized  by  bases  may  hence 
'.e  totally  different  salts.  The  properties  of  a  solution  of  phosphoric  acid  may, 
)re,  bo  totally  different  according  to  the  manner  in  which  it  had  been  prepared, 
tnce  this  acid  was  at  one  time  ranked  as  a  remarkable  instance  of  isomerism ; 
'aham  has  beautifully  shown,  that  the  difference  of  properties  is  only  the  result 
existence  of  the  different  states  of  combination  in  which  the  phosphoric  acid 
\y  exists.  It  will  consequently  be  necessary  to  study  separately  the  properties 
throe  compounds  of  phosphoric  acid  with  water. 

obasic  Phosphate  of  Water. — A  solution  of  this  body  reacts  powerfully  acid,  it 
itates  albumen  (wnito  of  egg)  in  white  curds;  when  neutralized  by  a  base,  it 
lalts  which  contain  but  one  atom  of  base,  their  formula  being  PO^  4~  ^0\  and 
>le  salt  of  it  produces  in  solutions  of  silver,  a  white,  soft,  precipitate,  P(>  -{- 

e  effort  to  refute  the  arguments  in  favour  of  the  existence  in  amphide  salts 
>mpound  radical  like  cyanogen, 
ements,  page  465. 


AfO.    This  u  the  leari  aUble  of  Uio  phoipbitei  oTwmtar,  it  padnUlj  p^Mte 
the  other  farma,  particnUrl)'  when  iIb  suiution  ii  boiled. 

Bibtuic  Plionhafr.  of  IToUr.— Tliis  rnrm  of  the  aciil  may  ba  ptepsred  bj  j«cofi 
•ieg  bibuic  phoBphsle  uf  lead  by  iiolphurHtlcd   hydrogen.     It  is  cbanctcmtd  ^ 


ing  alwayi  with  two  equivalunu  uf  bus,  forming  lalta,  whoae  fomiBU  ia  PV 
);  its  snlta  ffiTB,  with  nitrate  of  silver,  a  white  procipir'       """    ■   ""  " 
which  ia  not  past;  Jike  Iho  maDiibntic  phoaphnte      The  aalu  of  Ih 


only  one  equirilaDt  of  filed  base,  the  other  being  wator,  apd  ta%.y  hei>e«,ilfr4 
■iglit,  sppenr  to  be  conalitiited  iiJie  the  monabaaic  mIIi  ;  the  butc  nter  ■.*>«- 
ever,  eaaily  known  to  bo  present,  by  its  not  being  eipelled  by  ■  modermte  heat,  ailt 
the  vatar  of  cryelalhialion,  but  requiring  a.  lompecatura  approacluDg  to  igaitMaW 

TWhuie  FlioapkaU  of  (Fnrcr.— Thi<  la  the  form  of  phoapfaoric  aeul  wbieh  nftm^i 
the  elaaa  of  bs]Iii  moat  generally  known;  it  ia  charaCteriied  bj  not  precipttMiagat 
bamen,  and  by  combining  with  three  uiuiialitnts  nf  baae  when  fuUj  ncutrahMd.  b 
the  majoritr  of  csaea  of  the  three  Bnuivaleal*  of  base,  dob  ia  watar ;  tbm  lb*  «•» 
mon  phoaphnle  of  aoda  ia  a  tribaaic  pluuphalc,  iu  runnala  being  (PO  ^  ZflaOBO) 
■+■  SMAq;  whan  niodanloly  heated,  or  even  fay  long  eipoaura  to  dwj  air,  it  la^Aa 
SMAq,  but  it  requiroa  to  be  melted  at  a  red  heal,  in  order  to  diiTe  off  the  I  ■  lalj  Mt 
atom  of  water ;  nnd  if  thia  be  done,  on  rcdisanlring  the  fiuad  niaaa  in  watar,  iti 
talUiea  in  a  totally  dilTerenl  tordti  and  ia  found  to  have  been  channd  iMo  U 
phoaphatBofaoda,  the  furiDula  of  which  is  (I>0>  4-  2NaO)  +  lOAq.  Tbedib 
U  remarkably  ahown  by  the  action  of  Iheao  aalti  on  ■  Mlution  of  ailvar;  ttm 
phoaphato  ol  aoda  prodiiiilate*  nitrate  of  atlTer  of  a  caniry  ysllaw,  and  tha  nMM 
twcomea  acid  ;  ono  equiralant  of  triboiic  phoaphato  of  aoda,  inrniiipiiriin  rhiii  HP 
Talenla  of  nitrate  oTailrer,  produaing  one  eqiiinaleot  of  Iribaaia  phoayhata  rf  J«K 
two  of  aitrale  of  aoda.  and  one  of  nitrate  of  water;  thia  lait  being  liqnid  aitiit  loi 
ofeaune  renders  (lie  liquor  acid.  The  rcnclion  may  ba  limplj  ezpraiBBd 
PO*  +  2NaO.HO  and  3  <NO  +  AgO) 
gira  PO  -f  3AgO  .  .  .  2(iNO>  +  StO)  and  NO  +  HO. 
Ifon  the  other  hand,  tiibaaic  ph'>x|jh  .te  of  anda  be  need,  the  liquor  rvmaiBaaaani^ 
forPOi  +  aNaOand2,NO>  4-  Ay(Ji  eivB  PO*  +  2AgO  and  !^NO>  +  «aO). 

In  the  tribaaic  phosphatea,  it  lri.'i|Liently  occura,  that  there  ahall  bs  bataae  i^ 
Talent  of  (iied  baae,  Iho  other  iHo  hi'ing  water  ;  auch  aalta  baie  fraqDenlly  la  lei 
reaction,  and  were  formerly  caUrd  lii|>ii<wphatea.     Thuaone  tribaaic  phoanbala  af  «A 

P0>4-  Na0.2H0;  the  biphusplmto  of  ammonia  ia  tribauc,  ila  fonn^bdi^rV 


+  NH^O.aHO. 

Theaa  aalta  of  phosphoric  acid  were  originally  deaignated  b;  Grsbam,  mMpk**- 

phalCB,  pyrophoaphulps,  and  cnuimon  phosphalea." 

It  may  be  proper  lo  add  that  the  opinion  of  Professor  Ro*e  if- 
spccting  Ihe  identity  in  composition  of  ihe  different  kinds  of  pK*- 
phuretted  hydrogen(1166},  of  wliicii  one  only  is  .sponKmeou^)  i'- 
ilammable,  has  been  confirmed-  According  to  analysis,  either  cc^- 
sists  of  an  alom,  or  volume,  of  phosphorus  and  three  atums,  orM 
volumes,  of  hydrogen,  ihc  whole  aggregate  being  coiideiis.J  ii.^- 
four. 

Their  unlikcne.ss,  as  respects  spontaneous  inflammabi  I  rlv,  is  ,is.Tibw 
to  ihe  presence  of  impurities  ivliich  Ilmu!  either  lo  iirunKiti;  or  to  re- 
tard reaction  with  atmospheric  oxygen. 

tSfomic  TViigltt  of  Silicon  and  Composition  of  its  Oxide. 

In  this  Compendium  (13G1),  the  eiiuivulent  of  silicon  is  fUXciM 
be  8,  and  that  taking  one  atom  of  oxygen  to  form  silicic  acid,  <t^' 
equivalent  of  this  compound,  known  also  as  siles  or  silica,  is  lu.  Bo: 
latterly  it  has  been  inferred  that  the  equiviilcnl  of  silicones  itl- 
And  that  to  form  silicic  acidijt  takes  3  atoms  of  oxygeii  =        H- 

Consistcntly  thi,equivalcnt  of  silicic  acid  is  M-l- 
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PREFACE. 


At  the  period  when  the  medical  school,  in  which  I  have  the  honour  to 
Ad  the  chemical  professorship,  was  founded,  the  science  of  chemistry  ex- 
aded  to  little  more  than  a  knowledge  of  some  aci^  alkalies,  earths,  and 
Its,  of  which  the  most  important  ingredients  were  unknown.  Even  the 
mposition  of  atmospheric  air,  and  of  water,  was  not  understood;  the 
istence  of  the  all-important  elements,  oxygen,  hydrogen,  and  nitrogen, 
4,  having  been  detected.  The  subsequent  discovery  by  Dr.  Black,  of  the 
tent  agency  of  heat,  was  the  first  step  in  a  department  of  our  scienoe, 
iiich  at  this  period  occupies,  in  a  course  of  chemical  lectures,  a  large  por- 
^n  of  the  time.  The  discovery  of  the  same  great  chemist  that  atmospheric 
r  was  not  to  be  considered  as  a  fluid  sui  generis — that  there  might  be  more 
an  one  kind  of  aSriform  matter;  by  leading  to  a  knowledge  of  the  gases, 
Ided  another  topic,  which,  in  all  its  bearings,  practical  and  theoretical,  may 
'  considered  as  no  less  entitled  to  attention,  than  the  phenomena  of  heat. 
The  invention  of  the  Voltaic  pile,  and  the  employment  of  its  wonderful 
iwers  in  eflecting  chemical  decomposition,  besides  leading  to  a  knowledge 
many  chemical  facts  and  agents,  connected  either  in  theory  or  practice, 
e  whole  science  of  electricity,  whether  galvanic  or  mechanical,  with  cbe- 
Lstry- 

To  these  topics  have  latterly  been  added  the  electromagnetic  properties  of 
alter ;  which  by  their  association  with  electricity,  with  a  power  of  chemi* 
i  decomposition,  and  of  giving  shocks  to  the  animal  frame,  force  them- 
Ives  upon  the  attention  of  the  chemist  and  physiologist. 
Both  the  theory  and  nomenclature  of  our  science,  are  at  present  grounded 
>on  the  electrical  habitudes  of  chemical  agents.  Under  these  circum- 
euficcs,  a  knowledge  of  galvanic  and  mechanical  electricity  is  of  funda- 
ental  importance ;  and  to  impart  this  knowledge,  where  it  has  not  to  a 
ifHcient  extent  been  made  part  of  the  student's  previous  education,  should 
*  a  primary  object. 

These  impressions  are  sanctioned  by  the  practice  of  the  most  distin- 
iiished  writers  of  elementary  works  upon  chemistry,  in  each  of  which  I 
^lieve  a  brief  treatise,  on  the  electrical  sciences,  is  made  to  precede  that 
poa  chemistry  proper. 


1  school,  by  the  fart,  that  tl  ^ 
il  remedies.  Thn  <iursboQ  i^ 
be  presented  to  th^  pt^caita. 
It  of  tbeir  naturv,  or  ihs  nam 
it  influence  oq  the  «iuU  ftaoia 
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A  BRIEF  ACCOUNT 

y  the  Origin  of  the  Science  of  Electricity  Proper;  and  of  the 
Progress  which  it  made  prior  to  the  time  of  Galvanu 

1  •  An  attractive  power  is  acquired  by  resins,  sulphur, 
^lass,  and  a  variety  of  other  substances,  when  rubbed ; 
uid  if  the  masses,  thus  excited,  be  sufficiently  large,  the 
>henomena  of  light,  of  mechanical  concussion,  and  igni- 
ion,  may  result,  and  even  a  feeble  imitation  of  thunder 
ind  lightning. 

2.  As  it  was  in  amber,  in  Greek  called  Electron^  that  the 
ittractive  power,  arising  from  friction,  was  first  observed/ 
he  principle  to  which  it  was  ascribed  was  caUed  elec- 
ricity,  and  all  substances,  in  which  it  could  be  produced, 
electrics. 

3.  We  are  informed  that  Thales  of  Miletus,  who  flourish- 
^  six  hundred  vears  before  Christ,  was  so  much  struck  with 
his  effect  of  the  friction  of  amber,  as  to  imagine  that  it 
night  be  endowed  with  animation.  Subsequently,  it  was 
Lscertained  that  the  attractive  power,  which  had  been  oh- 
lerved  in  amber,  after  being  rubbed,  might  be  produced,  by 
he  same  means,  in  other  resinous  substances,  and  in  the 
ourmaline,  or  lyncurium,  as  it  was  then  called,  by  expo- 
sure to  heat. 

4.  No  further  progress  was  effected  in  electrical  know- 
edge  until  the  seventeenth  century,  when,  after  considera- 
te additions  had  been  made  to  the  catalogue  of  electrics 
>y  Gilbert  and  Boyle,  Otho  Guericke  discovered  that  light 
md  sound  might  result  from  electric  excitement.  His  ob- 
iervations  were  made  by  means  of  a  globe  of  sulphur,  cast 
n  a  glass  vessel  which  was  fractured  to  extricate  the  cast- 
ng.  Little  was  it  suspected  by  the  ingenious  operator, 
that  the  glass  globe,  thus  broken,  would  have  answered 
t)etter  for  the  purpose  in  view,  than  the  globe  of  sulphur 
in  the  moulding  of  which  it  was  sacrificed. 

5.  The  discovery  of  the  usefulness  of  glass  as  a  mean 
of  producing  electricity,  appears  to  have  been  made  by 
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Hawkesbee,  who  wrote  in  1709.  To  Grey,  who  foUowei 
Hawkesbec,  we  owe  tlio  remark  that  the  electrical  eiaw- 
meat  of  glass  iind  other  elcclrics  was  coniinunicatik  u 
other  buJics  when  insulated,  not  only  by  direct  cmUki, 
but  by  wires  or  threads  uf  great  length  j  and  br  lb 
electriciaD,  in  conjunction  with  another  named  Wheefct 
it  was  first  observed  that  this  property  of  conductiot  ihi 
electric  virtue,  while  belonging  to  fla.\  or  bcmp,  did  tf 
belong  to  silk;  also,  that,  by  the  class  ol'  bodies  in  wfaxi 
electricity  can  be  excited,  it  cannot  be  conducted;  v\uk 
in  those  by  which  it  may  be  conducted,  it  cannot  beo- 
cited.  Thus  were  two  classes  of  bodies  diatiii^ui^bed: 
one  as  electrics,  or  non-conductors;  the  other  as  non-ckc* 
tries,  or  conductors. 

6.  It  was  ascertained,  however,  that  a  conductor,  if  tof 
ported  by  a  non-conductor,  might  receive  the  electric  »» 
tue  from  an  excited  electric.  A  conductor,  so  supporui 
was  said  to  be  insulated. 

7.  Du  Faye  soon  after  ascertained  the  im{)ortant  i 
that  there  arc  two  kinds  of  electrical  esciteinent.  Oae  d 
these,  being  observed  in  glass,  was  called  vitreotu; 
the  other,  resinous,  because  observed  in  rcsinp.  By  Ik 
communication  of  either  species  of  escitemeut,  light  b( 
were  made  to  separate  from  each  other;  but  Uie  ht 
excited  by  meana  of  resins  were  attracted  bv  Bocfc  u 
were  excited  by  means  of  glass ;  and  when  these  oppo-it* 
excitements  were  made,  in  due  pro|>ortion  in  ditTercot  m- 
sqlated  conductors,  on  bringing  the  conductors  logetber,  ■ 
neutralization,  and  of  course  an  apparent  annihilatWD,  ol 
the  electricity  in  both  was  the  consequence. 

8.  The  means  of  collecting  the  electric  fiiiid  wen*  somi 
after  much  improved  in  Germany;  where  sparks  sutStifW 
to  kill  birds,  and  ignite  spirits  and  other  intlammable  mil- 
ter were  produced  by  the  joint  influence  of  several  gk)hrt 
simultaneously  excited. 

9.  In  the  year  174(i,  the  Leyden  pbial  was  ioTenled.  Co- 
neu3  and  Mushenbrceck,  attempting  to  charge  the  water 
contained  in  a  phial  with  electricity,  a  shock  was  eipe- 
rienced  by  Cuneus,  who  happened  to  touch  the  conduetot 
with  one  hand,  while  grasping  the  phial  with  the  other. 

10.  This  phenomenon  was  soon  after  cvplainrd  bv  Frack- 
lio.  He  had  ascertained  that,  whenever  either  kind  of  elw- 
tricity  is  communicated  by  friction  to  one  surface,  the  otbff 
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kind  win  be  created  in  that  by  means  of  which  the  friction 
is  effected^  provided  it  be  insulated. 

11.  When  a  glass  is  rubbed  by  the  hand,  it  takes  electri- 
city from  the  hand,  and  from  the  person  to  whom  it  belongs. 
If  standing  on  a  non-conductor,  the  person  will  be  electri- 
6ed,  at  tl^  same  time  that  the  glass  which  he  rubs  may, 
by  due  proximity,  excite  another  body;  but,  then,  the  elec- 
tricity of  the  person  who  rubs  the  tube,  and  that  of  any 
body  to  which  the  tube  may  electrify  are  of  opposite  kinds; 
the  former  being  the  resinous,  the  latter  the  vitreous  elec- 
tricity of  Du  Faye.  A  stick  of  resin  would  cause  the  op- 
posite result,  producing  vitreous  electricity  in  the  person 
rubbing  it,  and  resinous  in  a  body  touching  the  resin,  sub- 
sequently to  its  exposure  to  friction. 

12.  These  phenomena  were  thus  accounted  for  by  Frank- 
lin. Some  bodies  by  friction  (glass  for  instance)  acquire 
additional  power  to  hold  the  electric  fluid,  and  hence  draw 
it  from  the  conducting  body  rubbing  them,  and  give  up 
the  excess  to  any  adjoining  conductor,  when  the  friction 
ceases.  Resins,  on  the  oUier  hand,  have  their  capacity 
for  the  electric  fluid  lessened  by  rubbing,  and  hence,  white 
subjected  to  this  process,  give  it  out  to  the  rubber,  and 
afterwards  draw  on  any  adjoining  body  to  supplv  their 
deficiency.  Glass  and  resin,  therefore,  produce  both  kinds 
of  electricity,  which  are  merely  the  result  of  an  accumula- 
tion, or  deficiency,  in  an  insulated  body,  of  a  fluid  which 
pervades  the  creation.  A  conductor,  charged  in  either 
way,  will  produce  an  electrical  current  when  presented  to 
other  bodies  in  connexion  with  the  earth.  In  tne  one  case, 
electricity  will  flow  into  the  conductor ;  in  the  other  case, 
it  will  flow  out  of  it. 

13.  Franklin,  also,  discovered  that,  when  an  electrical 
stream  is  directed  into  a  phial,  situated  like  that  of  Cu- 
neus,  there  is,  at  the  same  time,  a  stream  proceeding  from 
the  outside ;  so  that,  in  proportion  as  one  surface  gains, 
the  other  loses ;  and,  accordindy,  in  a  charged  phial,  one 
sur&ce  will  be  found  vitreously,  or  redundantly,  excited, 
the  other,  resinously,  or  deficiently ;  and  a  light  body,  af- 
ter touching  either  surface,  will  be  repelled  by  it,  and  at- 
tracted by  the  other. 

14.  He  inferred  that  there  was  only  one  electric  fluid,  to 
different  states  of  which,  the  names  of  vitreous  and  resi- 
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nous  electricity,  had  been  erroneously  applied.     The  htkr 
he  called  negative,  the  former  positive  electricity. 

15.  Franklin  afterwards  identified  lightning  with  electo* 
city,  by  drawing  this  fluid  from  the  clouds  by  means  of » 
kite;  availing  himself  of  a  contrivance,  which  had  pn- 
vioualy  been  appropriated  to  juvenile  recreation,  to  maie 
a  most  sublime  and  useful  discovery. 
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ORDER  TO  BE  PURSUED  IN  TREATING  OP  ELECTRICITT. 

Dkscsiption  of  Electbical  Machines. — Usual  means  of  pbodvcino 
E1.ECTBICITY.— -Communication     of     Electsicitt. Diffebent 
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GENERIC  DESCRIPTION  OF  THE  ELECTRICAL  MACHINE. 

16.  I  am  unacquainted  with  any  apparatus,  designated  as 
an  electrical  machine,  which  does  not  consist  of  an  elec- 
tric, so  situated  as  to  be  conveniently  subjected  to  a  friction 
calculated  to  produce  electric  excitement,  one  or  more 
collectors,  attached  to  a  prime  conductor  properly  insu- 
lated, and  one  or  more  cushions,  for  rubbing  the  electric. 
The  cushions,  in  the  more  perfect  forms  of  the  machine, 
are  associated  with  another  insulated  conductor. 

17.  Ebcperience  has  shown  that,  of  all  the  electrics,  glass 
is  the  best  for  the  construction  of  electrical  machines ;  and 
as  of  all  the  possible  forms,  only  two  are  much  in  use, 

*  It  seems  to  be  impossible  to  desifrnate  well  by  any  appellations  heretofore 
employed,  the  difierent  branches  of  electrical  science.  As  almost  all  the  phe- 
nomena ascribed  to  Electricity,  before  the  time  of  Galvani,  are  due  to  mechanical 
causes,  I  have  heretofore  concurred  with  some  electricians,  in  distinguishing  the 
branch  under  which  these  phenomena  are  treated,  as  ^^Mechaniad  Electricity;  but 
it  may  be  objected  that  the  discovery  of  the  magneto-electric  machine,  and  other 
magneto-electric  contrivances,  causea  another  set  of  phenomena  to  be  produced  by 
mechanical  causes.  This  objection  may  be  mitigated  by  the  fact,  that  the  phenomena 
created  in  the  last  mentioned  way,  are  not  the  consequence  of  mechanical  causes 
simply,  but  of  the  reiteration  by  them,  of  the  influence  of  a  magnet.  I  have,  how- 
ever, subjoined  another  appellation,  *^  EUctricity  jrroperj*'  which  I  should  substitute 
for  that  first  mentioned,  were  not  the  retention  of  a  defective  name  oflen  less  dis- 
advantageous than  employing  a  new  one,  however  unexceptionable. 


IMPONDERABLE  SUBSTANCES. 


those  of  the  cylinder  and  of  the  circular  plate,  it  mavk 
inferred  that  these  are  preferable.*  In  either  case,  [befc 
tion  is  produced  by  the  rotation  of  a  shaft,  occupying  de 
axis  of  the  cylinder  or  pkte,  and  fastened  bv  screws  « 
cement.  The  shaft  or  axis,  being  secured  in  one  or  dmr 
collars  like  the  mandril  of  a.  lathe,  is  turned  by  a  viocL 
or  by  a  band  and  wheels,  wliich  are  »o  proportion^  ud 
arranged  as  to  quicken  the  motion.  In  order  to  prerat 
that  access  of  the  air  to  the  surface  of  the  glass,  wi»i 
causes  a  loss  of  electricity,  it  is  usual,  besides  the  cu^ik*. 
to  have  a  silken  flap,  of  which  one  border  is  sewed  to  the 
edge  of  the  cushion,  so  tliat  it  may  extend  from  tin 
cushion,  till  the  other  border  approximates  the  coUecton- 

Elertrieal  Matklne,  vrith  a  Plate  Jaur  feet  m  dimmOtr. 

18.  The  oppowte  engraving  rrprcaonls  a  machina,  conatracted  po  •>  U>  W  pi* 
nently  aifixed  to  the  canopy  ovar  the  hearth  of  ray  lecture  rmmd. 

19.  The  convemeniM;  or  having  thia  machine  in  the  aitnatioa  wkMi  it«aeafiKl 
liaie  found  to  exoccd  my  moat  ean^ninn  expectatione  ;  aa  it  ■■  always  ■!  laaLjit 
QGvar  in  the  way.  In  lecturing,  with  Iho  aid  of  a  machine  on  iIh  ^un*  UnJ  ^ 
the  lecturer,  ODD  of  two  inconvcnicncDa  ia  inoviuble.  Either  ih*  machine  wfl* 
mtaionally  be  between  him  and  a  parlian  of  the  audience,  or  ho  lauil  b*  lirtmai 
pottion  of  the  BudicQcD  and  the  ninrhlne.  Situated  like  that  wbich  t  aa  AM* 
describe,  a  mnehino  can  noillier  hide  the  lecturer,  nor  be  iiiddeii  by  bua.  ITttrf 
ita  power  a!  his  coinmand  whilu  kept  in  motion  by  an  asaiilan  t,  lia  haa  nupaKrf' 
tfl  reach  or  to  handle  boaidea  the  knob  and  aliditi  j  rod  of  tha  condaotw,  amcli  ■  ■ 
the  most  convenient  si  (nation. 

SKJ.  The  object  of  titia  machine  being  to  obtain  a  eopioua  lupplr  of  ahaliial)  If 
Bxparimenta  in  which  the  poaitive  excitement  la  aluraja  aiDpIojBd,  it  wtmmtltM^ 
iWCOBiary  to  Inaulala  the  cnahiona  and  the  axil, 

21.  The  prime  cDoductor  i>  ineulstcd  by  llic  enme  means  aa  thi»e  of  tha  ^JM 
tal  piste  machine,  (e.  27.)  At  C  C  ore  the  collectors.  R  repmente  a  •&•«  H 
which  may  he  drawn  out  to  soch  an  cxlenl,  as  lo  lie  brouglit  irt  cuiUael  •mMf 

■nalogouB  lo  thoee  described  as  belonging  to  the  hurii'nUl  piate  aiachiac,  tml  • 
preaeotod  by  Pig.  3,  (c.  W.)  Thoir  aituatlon  and  mode  of  their  applicaiwn,  atMb 
evident  from  the  repreaenlation  of  Ihcm  in  llio  figure. 

Engrarijig  and  Dtscription  of  an  Eltctrica!  Cytindtr  Mathau- 

03.  A.the  gl"""  cylinder— C,  the  pOBllive.  or  prime  condrictor.  mip pr nad  «  a 
gllasB  pillar — E,  llio  collector  with  its  prunle  nn  projeclina  ai  to  be  •juile  ntar  Vtm 
cyhnder.  Tlio  negative  conductni,  F.  rs  ntso  uphetit  by  a  gtass  pillar,  nppimiaf 
the  rubber  or  cuehion  lo  which   tlic  silk   tlip,   G,  is  atUched.     %  meui  at  itH 

*  1  am  under  the  imprCBalon  that  the  [rreat  dfadvantage  attendant  on  tbc  oh  of 
cylinder  machines,  is  the  ptesence  of  moisture  within  the  cavity,  which,  being  aaf- 
eeaaible,  cannot  bo  dcaiccated.  This  moisture  enables  the  ^laaa  In  hold  the  cbar^ 
aa  in  a  Leyden  jar,  so  that  it  does  not  relinquish  it  lo  the  colleetoni.  The  evil  ttat 
ariaing,  may  be  obviated  hy  taking  great  care,  in  (be  connlmction  of  the  inachiH.  M 
ramnve  all  the  tnoiatiire  by  a  blast  of  air  rendered  anhydrous,  and  fbrtfaa  ith  ciooaf 
the  apertures  in  the  nccke,  by  putlin|;  on  the  caps  air-tijlit  Hm  lo  keep  oat  mm 
turo,  the  capa  must  bo  of  nielal;  since,  if  conslrucled  of  wood,  moiaiare  will  ynt- 
trale.  Moreover,  the  cement  after  a  time  ia  liable  to  become  leaky.  1  rooom 
conseqiicncn  <if  the  presence  of  in 
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engraving  and  deacription  ia  given  in  tlie  eppoaite  p«g«- 
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Vf  the  larger  wheel  maj  be  raade  more  or  leM  remote  from  the  smaller  one,  to 
mdjuflt  the  tension  of  the  band  by  which  motion  is  communicated  to  the  one 
the  other. 

.  The  former  being  turned  bj  the  winch,  caases  the  smaller  one  to  reyolTOf  and 
»t]r*e  the  cylinder  to  the  axis  of  which  it  is  affixed.  The  revolution  of  the 
der  while  the  cushion  is  pressed  against  it  by  a  suitable  spring,  causes  the  fric 
which  is  requisite  to  excite  each  portion  of  the  cylinder  as  it  successively  passes 
:u8hion.  Each  of  the  conductors  is  furnished  with  projecting  brass  knobs, 
ice  to  take  sparks. 

riptian  of  an  Electrieal  Plait  MaehitUf  the  Plate  mounted  horiiontaUyj  and  to  as 
to  show  both  Negative  and  Positive  EUctriaty. 

.  The  power  of  electrical  plate  machines  has  been  generally  admitted  to  be 
ter  than  that  of  machines  with  cylinders.  The  objection  to  the  former  has  been 
iifficulty  of  insulating  the  cushions,  so  as  to  display  the  negative  electricity^ 
iptin^  the  plate  machine  contrived  by  Van  Mamm,  I  have  read  of  none  m 
h  this  difficulty  has  been  surmounted.  It  is  still  insisted  upon  by  respectable 
ricians,  ss  if  it  had  not  been  sufficiently  removed  by  his  contrivance. 
.  I  shall  now  describe  a  plate  machine,  by  which  both  electricities  may  be  pro- 
d,  and  which  I  have  used  socccssfuUv  for  eighteen  years. 
.  The  plate,  B,  (thirty.five  inches  in  diameter)  is  supported,  as  represented  in  the 
■e,  npon  an  upright  iron  bar,  about  an  inch  in  diameter,  covered  by  a  very  stout 
ft  cylinder  A,  four  inches  and  a  half  in  diameter,  and  sixteen  inches  in  height, 
I  only  at  the  base,  through  which  the  bar  is  introduced,  so  as  to  form  its  axis. 

summit  of  the  bar  is  furnished  with  a  block  of  wood,  turned  to  fit  the  cavity, 
ed  at  the  apex  of  the  cylinder,  and  cemented  therein.  The  external  apex  of  the 
ider  is  cemented  into  a  brass  cap,  which  carries  the  plate.  The  glass  cylinder 
ble  to  no  strain.  It  is  only  pressed  where  it  is  interposed  between  the  block  of 
1  within,  and  the  brass  cap  without.  The  remaining  portion  of  the  cyUnder 
B  only  its  own  weight,  while  it  effisctually  insulates  the  plate  from  the  iron  axis. 

brass  cap  is  surmounted  by  a  screw  and  flange,  by  means  of  which,  a  corre»> 
ling  nut,  and  disks  of  mahogany,  the  plate  is  fastened.    A  square  table  serves 

basis  for  the  whole.  The  iron  axis,  descending  through  the  top  of  the  table,  is 
Ished  with  a  wooden  wheel  of  about  twenty  incnes  in  diameter,  D,  (Fig.  2,)  and 
linates  below  this  wheel  in  a  brass  step,  S,  supported  on  the  cross  of  wood,  which 
the  legs  of  the  table  diagonally  together.  The  wheel,  D,  is  grooved  and  made  to 
Ive  by  a  band,  which  proceeds  from  around  a  vertical  wheel,  W,  outside  of  the 
).  This  external  wheel  has  two  handles,  by  means  either  of  ond  or  both  of 
;h  it  may  be  turned.  It  is  supported  on  two  strips  of  wo<^,  G  G,  which,  by 
opriate  screws,  (represented  at  S  S,  Fig.  2,)  may  bo  protruded,  lengthwise,  from 
s,  which  confine  them  from  moving  in  any  other  direction.  Consequently,  the 
nee  between  the  wheels  may  be  varied  at  pleasure,  and  the  tension  of  the  band 
sted. 


\  Nearly  the  same  mode  of  insulation  and  support,  which  is  used  for  the  plate,  is 
I  in  the  case  of  the  conductors.  These  consist,  severally,  of  arched  tubes  of 
s,  of  about  an  inch  and  a  quarter  in  diameter,  which  pa»s  over  the  plate  from 
side  of  it  to  the  other,  so  as  to  be  at  right  angles  to,  and  at  a  duo  distance  from 
1  other.  They  are  terminated  by  brass  ballii  and  caps,  which  last  are  cemented  on 
m  cylinders,  C  C  C  C,  of  the  same  dimensions,  nearly,  as  that  which  supports  the 
e.  The  glass  cylinders  are  suspended  upon  wooden  axes,  surmounted  by  plugs 
iork,  turned  accurately  to  fit  the  space  which  they  occupy.    The  cylincfers  are 


I  UPON  DEB  ABLE  SUBSTANCES. 


S8.  Tho  foim  of  the  colleclors  (e.  10,)  must  be  sufficiently  endciil  Ooa  A 
■entation  of  thorn  in  figure  lit.  Thcj  coniist  of  hollow  heiuiapliRrea  of  iba 
nithin  which  levcral  points  proceed  lawardi  the  plate  fram  their  ccnUM  nq 
Iv,  where  llie^  are  attached  to  llie  knobe,  kkkh.  The  hBtnispikoio*  un  aM 
aiminiBb  the  injurioua  circulation  of  >ir. 

90.  The  ciuhioni  (c  Id,)  are  represented  by  Tig.  3.  TbsM  are  uicId^^I 
the  ■pring'a,  by  which  they  ore  aindo  to  prcsa  with  an  elastic  fores  iipo«  iM 
of  the  glow,  the  degree  of  the  preumte  being  regulated  by  tbe  icrvw,  S.     i 


iraUAL  MEANS  OF  PRODUCING  ELECTSIcrTT. 

30.  It  has  been  stated,  in  the  preceding  remnrks. 
an  attractive  power  is  acquired  by  resins,  sulphur,  | 
and  a  variety  of  other  substances  when  rubbed : — also 
bodies,  susceptible  of  this  species  of  excitement,  are  ( 
electrics,  and  the  principle,  on  which  it  is  supposed 
dependent,  is  called  electricity. 

31.  I  shall  proceed  to  explain  and  illustrate  the  evol 
of  electricity  by  some  appropriate  experiments. 

ABC  32.  A,  represents  a  glass 

^  ~  ^     B,  a  similar  tube   coated 

s^jiell  lac,  or  sealing  wai.  ( 
irriii  rod.  furnished  at  one 
"itji  a  wooden  Jiandle.  i 
tliroughout  the  greater  pa 
iiri  length,  it  forms  the  u 
a  cyhndcr  of  sulphur. 

;i3.  AVhen  either  tlie  vitr 
-iirface  of  A,  the  resinous 
f;ice  of  B.  or  the  surface  ol 
sulphur  of  C,  are  rubbed. 
former  with  a  leather  co 
Willi  amalgam  and  either  ol 
latter  with  silk  or  fur,  there 
Ik,'  sutlicicnt  excitement  foi 
allnictiou  of  Icafnieial  aiidc 
light  bodies.  The  amalgam 
Irnther  can  only  be  used  ad 
tageously  with  the  glass. 


k  •-- 
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Experimental  lUustratians* 

34.  Attractive  power  imparted  by  friction  to  amber, 
a^fauss,  resin,  sulphur.  Large  glass  tubes  rubbed — also, 
djHiiders  of  sulphur  and  resin.  Thin  metallic  leaves  at- 
jiacted,  at  the  distance  of  several  inches,  either  by  the 
^ass,  the  sulphur,  or  the  resin.  ESectrical  machines  put 
n  operation. 

COMMUNICATION  OF  ELECTRICnT. 

35.  The  electric  virtue  cannot  pass  from  one  part  of  an 
electric  which  is  excited,  to  another  part  without  extrane- 
ous aid ;  nor  can  it  pass  off,  from  one  electric,  through  any 
!>tber.  Hence  these  substances  are  called  non-conductors, 
rhrough  metals,  on  the  other  hand,  it  escapes  instanta- 
oeously.  It  passes  through  flax  or  hemp,  but  not  through 
nlk.  Water  it  pervades  with  great  fiicility,  or  any  thing 
which  contains  moisture. 

36.  Substances  which  are  thus  capable  of  transmitting 
electricity  are  called  conductors,  and  are  divided  into  per- 
Ebet  and  imperfect  conductors*  The  metals  are  the  CHily 
perfect  conductors.  All  other  conductors  are  imperfect; 
ud,  at  the  head  of  this  class,  is  charcoal,  as  being  the  best 
conductor  of  electricity  next  to  the  metals. 

Experimental  Proofs  thai  Electricity  cannot  pass  from  one 
part  of  an  Electric  to  another,  through,  or  by  means  of,  the 
Electric. 

An  Experimental  Illustration. 

37.  One  part  of  a  mass  of  glass,  of  sulphur,  or  of  resin, 
being  so  excited  jby  friction,  as  to  attract  light  bodies,  ano- 
ther, not  being  rubbed,  is  not  found  to  attract  them;  so 
that  the  electric  virtue  does  not  pass  from  one  part  of  the 
mass  to  another. 

Peale^s  Experiment. 

38.  Among  a  great  abundance  of  ingenious  electrical 
contrivances,  that  which  we  owe,  as  I  believe,  to  Mr. 
Franklin  Peale,  deserves  more  than  ordinary  praise  for 
its  simplicity  of  construction,  and  beauty  of  effect.    One 

B 


IMPOMJKRA 


iL'BSTANCES. 


One  modification  of  Peale's  apparatus  is  represeoled  i| 
the  followiag  engraving,  which  I  shall  proceed  to  eipha 


39.  A  bell  glass  is  balanced  upon  a  pivot  reaching  intcnuDy  totlcmt 
between  wires  supported  on  glass  pillars.  One  wire,  A,  comnuuiHa 
wilh  the  positive,  the  other,  B,  with  the  negative  pots  of  the  aadta 
Under  these  circumstances,  If  the  machine  be  put  in  operntiiv.  At  f 
tion  of  Iho  glass  next  to  the  wire,  A,  becomes  positively  exciltdi  ih«i  ■ 
B,  negatively  esciied.  Consequently,  agreeably  to  the  general  U"  I 
bodies  similarly  electrified  separate,  those  dissimilarly  electrified  ft"^ 
each  excited  portion  of  the  glass  will  move  away  rroin  the  win  sbIm 
excited,  nnd  will  seek  thai  which  is  diflbrcntly  escited.  Thui  tS- •%'■' 
ments  changing  the  situations  of  the  excited  parts,  and  iheir  e\rh3Di;t 
situation  reversing  their  excilemenis,  a  rapid  niovcnrjent  mu;ii  rfl,-u-'.  ■■'•' 
only  mode  in  which  it  can  lake  place  freely;  I  mean  thai  of  a  ntii^.^n 
the  pivot. 

40.  The  bell  is  ornamented  by  strips  of  gilt  pnper,  which  r'nden 
motion  more  sensible  to  ihe  eye;  but  no  coating  is  rc<]iiisile  to  lhea;f 
priale  cITcct.      A  bare  bell  glass  is  suflicienl. 

41.  If  the  metallic  hand,  C,  be  made  (o  encompass  the  bi>li  sla^  i" 
be  found  incapable  of  receiving  any  motion  from  [he  elect rica f  exciifrar 
In  fact,  the  electric  fluid  will  bo  seen  passing  inio  it  on  one  sidi',  uid  j* 
ing  out  of  it  simultaneously  on  the  other  side;  proving  thai  it  c»» 
under  these  circumstances,  retain  any  excitement,  in  constijucuce  d  i 
conducting  power  of  the  metallic  band. 

42.  Mr.  Peale's  experiment  was  performed  by  means  of  a  clobular^ 
vessel  wilh  a  short  neck,  or  perforation  for  the  admission  of  ihe  pinW  rt 
II  will  be  perceived  thai  I  have  availed  myself  of  this  apparatus  tofio 
that  the  electrical  excitement  communicated  lo  one  port  of  a  noo-cpadK* 
does  not  extend  itself  lo  others;  and  thai  consequently  in  ditJeifot  fW»' 
the  same  non-conducting  mass,  opposiie  kinds  of  electrical  escriemeiU ■•! 
be  produced.  It  is  owing  to  ihis  property,  tbat  the  glass  bcU  is  fui  * 
motion.  The  electric  fluid,  being  unable  to  pass  along  the  glass,  in  its  at* 
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sek  an  equilibrium,  moves  Ihe  glass  along  with  it,  in  cooaequence  ornn 
iction  arising  between  each  wire,  and  thai  part  of  the  glass  which  has 
Cerent  excitement. 

Experimental  Blustrations. 
{3.  That  the  phenomenon  owes  its  existence  to  the  non- 
ducting  power  of  the  glass,  is  shown  by  encircling  the 
1  with  a  metallic  band  while  aubjected  to  the  action  of 
machine  as  above  described.  Under  these  circum- 
nces,  as  the  fluid  passes  from  one  side  of  the  glass  to 
other  with  perfect  ease,  that  diversity  of  excitement, 
tch  would  cause  the  rotatory  motion,  camiot  arise. 

Mpdificatum  ^  PtaU'i  EiptrimMM. 
I.  The  followiDg  (inire  ihowi  «,  inodiScation  of  Fm1«'i  ^pantiu,by  wUeh  I 
e  contriTad  tn  put  llicee  glob«i  in  motion. 


L  Tha  arched  wires.  A,  B,  Wtag  MvenJIj  conDectad  with  tlie  differeat  coadnet 
if  an  electrical  machine,  caiue  nppoaita  itatoi  of  Bicitemanl  npoa  tlw  fOr&OM 
ba  globes,  in  the  neighbourhood  of  their  pointed  tanninitioiu.  A  raToIolios  of 
eicited  eurface*,  irising  from  the  attiacljan  of  the  diSerenllj  ezcitad  wiro«,00n' 
MDtlj  eaaaei,  in  ■  miimeT  analagoui  to  that  deaoribod  in  the  oaae  of  tha  ball 
a  aboTB  mentioned. 

Additiimal  lUuttratioH. 
i.  The  principle  explained  by  the  preceding  eipenment  nic«i*a«  another  anma- 
Ulnatration  bj  means  of  an  aipariment,  1^  the  explaiution  of  which  tha  fill- 
ing enfraTinff  ii  intended. 

T.  A  gbH  ball  ii  eiipporlecl  on  a  glaae  plate.  On  the  plale,  itripa  of  tin  foil  an 
taUa,  ■■  to  form  a  broad  circle  or  border  near  the  margin  of  the  plata,  and  dor 
i  to  that  circle.  There  ia  likewiae  i  Bat  braai  riny,  eappoited  and  of  conns  ia- 
Udb*  glaaa  pillara,  ao  ai  to  have  iti  inner  edge  immetliataly  over  the  exterior 
t  of  the  foil 

B.  The  braaa  riog  being  in  cammuDlcation  with  the  pHnw  condnolor  of  the  ma- 
la in  opetalion,  and  the  tin  foil  in  commanication  with  the  cuahiont,  t' 
fbil  will  be  ODpoaileW  electti&ed.    The  ball,  being  attracted  bTtbe  ring,  b 
tiTel*  eleetrined  in  the  pari  which  cornea  in  contact  willi  it    The  part  thi 


IMPONDBBABLB  SUBBTANCBS. 


the  ring  Lo  undergo  another  rbuige.     Diflbrenl  porti 

electricftl  cbanget,  and  the  consBqaant  movoiaeiila  nre,  ui  couns,  eooipaeaua 
49.  Peale'i  apponitua    ia,   however,   preferable   lo  this  wbtcfa  liai  jaM  la 
■eribed,  u  it  i*  tuon  euy  to  succeed  in  mdung  it  perform  wstl. 

Experimental  Proofs  that  Metals,  Charcoal,  Mmitmn, 
Flax  or  Hemp  are  Conductors  of  Eiedricity,   and  tial 
Sulphur,    Resins,    Glass^   Silk,   and  Wool    are   Kmam- 
ductors. 

50.  The  electrical  machine,  being  in  operation  bo  u  B 
emit  sparks,  or  to  act  upon  pith  balls,  or  other  light  bo- 
dies, those  electrical  effects  cease,  when  the  coodBCJOf. 
which  is  the  immediate  cause  of  them,  is  touched  wiifc  i 
rod  of  raetal,  or  by  a  piece  of  charcoal,  communicaoig 
with  the  earth  ;  and  they  are  enfeebled,  when  one  eid  d" 
a  hempen  or  flaxen  string  is  attached  to  the  coodnctiX' 
while  the  other  end  is  held  in  the  hand,  or  lies  upOD  Ac 
floor. 

51.  The  conductor  being  excited,  as  above  described,  the 
phenomena  do  not  cease,  in  consequence  of  the  coolKi 
of  a  glass  rod,  or  of  cylinders  of  sulphur  or  resin  ;  dot  u* 
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ley  diminished,  by  an  attachment  of  woollen  or  silken 
jrings,  as  in  the  case  of  those  of  flax  or  hemp.  The 
lass  rod,  or  the  woollen  or  silken  strings,  being  mois- 
med,  the  electricity  is  carried  off  by  them  from  the  con- 
Liotor.    It  escapes  also  readily  through  a  tube  filled  with 


DIFFERENT  KINDS  OF  ELECTRICITY. 

52.  It  may  be  learned,  from  the  brief  account  of  the 
ise  and  progress  of  electricity,  (e.  7)  that  the  electrical 
zcitement  which  may  be  produced  in  glass,  by  friction, 
liffers  from  that  which  may  be  produ^,  by  the  same 
deans,  in  resin,  or  sulphur:  that  light  masses,  as  paper, 
>r  pith  balls,  separate  from  each  other,  when  either  ex- 
citement has  been  imparted  to  both :  but  if  one  body  re- 
reives  the  resinous,  the  other  the  vitreous  excitement,  an 
ittraction  between  them  will  ensue.  Both  excitements, 
in  due  proportion,  neutralize  each  other.  Also,  whenever 
either  excitement  is  produced,  in  one  body,  the  other  wiU 
arise  in  some  other,  if  both  bodies  be  supported  by  non- 
conductors, so  as  to  prevent  the  escape  of  electricity  as 
Boon  as  generated.  Hence  if  a  person,  standing  on  a 
fflass  stool,  rub  a  tube  of  the  same  material,  he  will  be 
found  resinously  electrified ;  while  any  body  to  which  the 
glass  may  be  presented  will  be  vitreously  electrified.  A 
stick  of  resin,  being  substituted  for  the  ^lass,  and  rubbed 
in  like  manner,  and  under  the  same  circumstances,  the 
same  phenomena  will  appear,  in  a  different  order.  The 
person  rubbing  the  resin  will  be  vitreously  excited ;  while 
the  excitement  of  the  body  to  which  it  is  presented  will 
be  resinous. 

53.  In  like  manner,  when  the  cylinder  of  the  electrical 
machine  is  put  in  motion,  the  insulated  cushion  which  rubs 
it,  acquires  the  resinous  excitement,  while  the  prime  con- 
ductor becomes  excited  vitreously.  If  a  globe  of  sulphur 
or  resin  were  substituted,  the  cushion  would  receive  the 
vitreous  excitement,  while  the  conductor  would  be  excited 
resinously. 


}j^  IMPOMICRABLE  BUBSTANCEa. 


DeKriptim  of  Bennel'n  Gold  Leaf  RUetrtrmetrr. 


64.  A  glass  cylinder,  supporml  bji 
lalttc  podeatal,  is  surmouniod  W  b  iM 
canopy ;  from  the  Cfulro  of  whki,  tw^ 
ing  strips  of  gold  loaf  aro  auspeaded.  flB 
oftiaruil.TT.are  p&stcd  on  I  be  (!■■»■« 
to  lermiuato  ai  the  upper  ond«  «  utbr  ^ 
the  level  of  the  lower  ends  of  the  gcM  I 
and  so  as  to  be  in  contact  below.  wiA  ti 
pedestal.  Thi«  ehould  be  untnaulaied.  Ik 
gold  leaves  a  re  more  pnergeticttlt;  a 
in  conseiiuencc  of  tho  proxirnily  cf  Al  M 

foil. 


Exptrimenial  flluslralions. 

55.  The  leaves  of  the  electrometer  diverge  on  tbeif- 
proacli  either  of  excited  sulphur  or  glass ;  but  wbco  tal 
are  approximated  to  it  at  ODce,  the  leaves  will  dispUjS 
divergency. 

50.  Electrical  machine  shown,  each  conductor  bMC 
furnished  with  a  quadrant  electrometer.  As  the  pto 
is  turned,  the  pith  ball  of  each  electrometer  rises.  Ai 
often  as  a  spark  is  taken  from  either  conductor,  the  pith 
ball  of  the  electrometer  associated  with  it  falls  ;  and  wben 
a  metallic  wire  is  made  to  touch  both  conductors  siouill*- 
neously,  neither  of  the  pith  balls  indicates   any  eicit*- 


Of  Electric  Poles  and  Electric  Circuits. 

57.  There  is  a  resemblance,  which  will  hereafter  be  re- 
curred to,  between  the  reciprocal  action  of  magnets,  and 
that  of  electrics  of  which  the  extremities  are  in  opposilf 
states.  Under  such  circumstances,  the  poles  similiriy 
electrified,  or  similarly  magnetised,  appear  to  repel  each 
other;  while  those  in  dissimilar  states  appear  to  exereis* 
a  reciprocal  attraction. 

58.  The  extremities  of  the  magnets,  from  their  cier- 
cising  a  reaction  with  the  terrestrial  poles  analogous  to 
that  which  they  exercise  reciprocally,  were  called  poles; 
that  which  is  attracted  by  the  north  pole  of  the  earth  being 


si 
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^designated  as  the  north  pole,  the  other  as  the  south  pole. 
"  FVom  the  analogy,  the  extremities  of  excited  electrics,  and 
of  galvanic  and  voltaic  instruments  having  properties  re- 
sembling those  of  excited  electrics,  received  the  same  ap- 
pellation. Hence  electricians  speak  of  the  positive  and 
sjhe  negative  poles,  of  the  electric  machine,  of  the  galvanic 
liattery,  or  of  a  voltaic  series,  whether  in  the  form  of  the 
'trough,  or  of  the  pile. 
^^  59.  As  a  general  definition,  poles  may  be  alleged  to  be 
-those  parts  of  an  electric,  galvanic,  or  voltaic  circuit,  at, 
!^or  between  which,  ignition,  light,  chemical  decomposition, 
^or  sensation  are  perceived. 

60.  When  the  conductors  of  a  machine  in  operation 
communicate  with  each  other  through  a  wire  or  other  com- 
petent conducting  body  or  bodies,  an  electric  circuit  is  said 
to  be  formed.    The  electric  fluid  flowing  into  the  cushion 

fi  from  the  negative  conductor  supporting  it,  is  by  the  elec- 
;ftric  carried  to  the  conductor  which  supports  the  collector, 
\  whence,  by  means  of  the  conducting  communication,  it  re- 
'  turns  to  the  negative  conductor.    Agreeably  to  the  hypo- 
thesis of  two  fluids,  there  is  in  such  case  a  double  circuit. 
■Two  fluids,  separated   from  each  other  by  the  friction, 
move  in  opposite  directions,  and  meeting  and  combining 
in  the  conductors  as  soon  as  separated,  the  equilibrium  is 
not  sensibly  altered. 

61.  In  making  or  breaking  such  a  circuit,  sparks  will 
appear  at  the  time  and  place,  when  and  where  the  inter- 
ruption is  such  as  to  allow  them  to  occur.  In  that  case 
the  poles  are  at  the  points  between  which  the  sparks  pass, 
or  indications  are  afforded  of  electrical  agency. 

62.  The  poles  of  an  electric  machine  and  the  conductors 
are  often  mentioned  as  if  they  were  identical.  In  fact  the 
poles  are  usually  at  some  points  in  the  surfaces  of  those 
conductors.  They  vary,  however,  at  the  pleasure  of  the 
operator;  since  they  always  exist  at  those  parts  of  the 
conductors  (or  of  any  conducting  body  or  bodies  touching 
one  or  both)  which  are  nearest  to  each  other,  or  at  which 
sparks  pass. 

63.  It  should  be  understood  that  any  conductor,  espe- 
cially any  perfect  conductor,  assumes  the  same  electric 
state  as  the  pole,  with  which  it  may  be  in  connexion;  and 
that  a  contact  between  either  pole,  and  one  extremity  of 
a  rod,  or  wire,  transfers  the  polar  influence  to  the  other 
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end  nf  that  rod  or  wire.    The  pole  is,  properly,  that 
at  which  the  excitement  is  most  active,  and   pxperiaa 
shows  this  state  to  exist  always,  either  at  the  most  pn»- 
neol  part  of  the  electrified  maaa,  or  thst  nearost  W  w 
prominent  part  of  the  other  pole. 

64.  In  operating  with  an  electric  machine,  of  wUk^ 
ruhbcr  is  uninsulated,  the  cartli  usuaUy  forms  a  pritff 
the  circuit,  and  any  conductor,  the  human  body  tn^ 
stance,  which,  while  it  has  a  conducting  cammiinillA 
with  the  earth,  happens  to  be  nearest  to  the  pQ«itheyil| 
acts  as  the  negative  pole,  when  the  machine  is  ia  opift 
tion,  and  there  is  sufHcient  proximity.  This  is  imwilll 
hy  the  passage  of  sparks. 

65.  1  have  dwelt  upon  this  subject  more  particdil^M 
the  acceptation  of  the  word  pole  among  men  of  sciracehi 
latterly,  hy  its  practical  and  theoretical  aHsociatioia.  l^ 
come  of  the  highest  importance.  (See  my  Trealia  n 
Electro-magnetism,  page  78.) 

66.  Since  the  preceding  explanation  was  published.  F> 
raday  has  suggested  that  electrical  poles  as  above  iithti- 
should  be  called  electrodes  ;  ihe  positive  pole  beti^  oSm 
the  anode,  tlie  negative  pole  the  cathode.  (See  my  Treioa 
on  Voltaic  Electricity,  page  7.) 

MEANS  OF  ACCUMULATING  ELECTRICITT.  I 

67.  In  the  case  of  the  insulated  conductors  of  aaeJec-  I 
trical  machine,  oppositely  excited  by  the  revolutioo  o4  i  I 
glass  surface  which  successively  rubs  the  cushions  sappori- 
ed  by  one  of  the  conductors,  and  passes  under  roeiallr 
points  projecting  from  the  other,  it  has  been  shown  thit  K 
IS  only  necessary  to  make  a  communication  between  llxm 
by  a  perfect  conductor,  in  order  to  destroy  their  respw- 
live  excitements.  It  follows  that  the  surcharge  in  the  one, 
must  have  been  just  equivalent  to  the  deficiencv  in  ik 
other;  and  that  of  course  the  whole  quantity  of  eleetnciTr 
in  the  conductors  is  the  same,  whether  they  be  in  a  slile 
of  excitement  or  of  neutrality. 

68.  It  has  also  been  shown,  that  the  electric  fluid  doe* 
not  pass  through  electrics,  or  from  one  part  of  an  electnc 
to  another. 

69.  I  shall  now  proceed  to  demonstrate  that,  if  an  elec- 
tric, sufficiently  thin  and  strong,  as  a  pane  of  glass  for  tt- 
stance,  he  charged  on  either  side  with  either  kind  of  dec- 
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ity,  the  other  side  of  the  pane  will  acquire  proportion- 
¥  a  charge  of  tbe  opposite  nature. 

Bxperimenlal  Illiutratioiu. 

70.  A  dry  glnsa  pane  being  held  in  one  hand 
by  its  iDsulatiog  handle,  aporks  an  taken  from 
the  excited  conductor  of  an  electrical  macluBe, 
with  the  knuckle  of  tbe  other  hand.  The  glass 
pane,  being  iuterpoeed  between  the  knuckle  and 
the  conductor,  at  first  does  not  appear  to  iWercept 

I  the  spaHcs;  yet,  as  they  gradually  diminiah  aad 
I  finally  cease,  they  are  obrioualy  intercepted  l^ 
I  the  pane,  sooner  or  later.  Tbe  pane  betng  lup- 
ported  by  tbe  handle,  on  toucbine  the  mirftcei 
Id  the  part  whidi  has  been  exposed  to  tbe  sparks 
with  one  hand,  while  tbe  part  opposite,  on  tbe 
other  aide  d*  tbe  pane,  ta  touchaa  by  tbe  other 
hand,  an  electrical  discharge  takes  place,  a  shock 
is  experienced,  and  the  electrical  excitement  dis- 
appears. 

71.  rt  rollowB,  that  tbe  sps^a  which  bad  a». 
parcntly  passed  through  the  pane,  bad  actnalty 
been  arrested  by  the  surlkoe  Dearest  to  tbe  coa- 
ductor,  and' had  appeared  to  reach  tbe  hand, 
because,  Tor  every  spark  received  on  one  side, 
an  equivalent  portion  of  the  electric  fluid  was 
expelled  in  the  same  Ibrm  hoia  tbe  other  side. 

Coaled  Ptuu. 


2.  A  pane  of  glass  having  been  coated  on  both  tides  with  tin  foil, 
rpting  a  space  of  about  two  inches  from  the  edge  all  round;  the  coat< 

are  msde  severally  lo  communicate.  Tor  a  short  time,  with  the  two 
laled  conductors  of  an  electrical  machine,  while  in  operation,  the  coat> 

being  otherwise  insulated.  Thus  situated  the  pane  becomes  charged 
I  electricity.  The  diflerent  coatings  being,  in  the  next  place,  allowed 
mnmnnicate  with  each  other  throa^  a  nMallic  arc,  a  discharge  en- 
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suee,  more  or  lesa  powerful,  according  lo  the  pow^  ot  tte  omMi 
exient  orUio  coaled  sutlnce,  ami  ihe  dryness  of  the  air. 

Of  the  Leydtn  Jar. 

73.  Id  the  " Brief  AeeavMl' f 
(f  ■  9,  die.)  some  account  hu  boap 
this  cclchniicd  lavetuioa.  The  4i 
cut  in  a  rcprtseoiation  of  it  in  ui  ^ 
form.  There  is  ao  esaoitial  &Sa^ 
tween  a  coated  [>htal,  and  ■  OHlri 
The  cxisleace  or  absenca  of  am^ 
the  interposed  stratum  of  gliM,  dt 
seusibly  afiecl  tha  muh  in  ibnf 
in  practice  exceptuig  kb  ntfnUi 
niency. 

74.  The  form  oftltci  jar  unaawf 
able  lo  the  retention  of  tt  dKt|) 
does  not  allow  that  free  InienM 
tween  the  inner  surface  and  the  n; 
carries  off  the  electricity,  pui  paM 
each  coaling. 
^  75.  The  coating,  it  will  be  ohsei 
'  reptesenlcd  asexicDding  bulhoatlM 
-  '  on  the  outside,  till  within  n  i 
n  Ihe  brim  equal  to  aboot  ooe 
of  Ihe  whole  height  of  the  jar.  The  jar  is  closed  Sy  a  bitwd  » 
Blopple,  through  tlio  centre  of  which  passes  a  metallic  rod,  lenaiBSlad 
by  a  knob,  and  below  by  a  apiral  of  wire,  which  estaUiabet  •  H 
contact  with  the  inner  coaling. 

76.  Tha  moat  conveolent  mode  of  charging  such  b  jar  is  lo  gni 
the  hand,  and  present  it  to  ihe  knob  of  the  prime  cotidudor,  n 
cushions  are  uninsulated,  or  in  communication  with  the  outer  ccia 
means  of  a  chain  or  wire. 

Of  the  Common  Discharger. 
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77.  The  instrument,  represented  by  the  foregoing  figure,  is  called  a  dis- 
liarger,  being  employed  to  complete  the  circuit  between  the  oppoeitely 
sharged  surfaces;  thus  enabling  the  excess  in  one  to  be  discharged  upon 
he  other. 

78.  The  rods,  R,  R,  are  joined  by  a  hinge;  so  that  by  means  of  the 
[|aas  handles  to  which  they  are  severally  affixed,  the  terminating  knobs 

be  made  to  come  in  contact,  or  to  be  more  or  less  remote  firom  each 


79.  A  charge  is  imparted  equally  well  by  the  contact^  or 
xymmtmication  of  either  coating  witn  either  conductor^ 

80.  The  charging  of  a  coated  pane  or  jar  may  be 
^fibcted,  provided  either  of  the  surfaces  are  in  communi- 
cation with  either  conductor,  the  other  surface  commu- 
lic^ting  with  the  other  conductor,  one  or  both  of  the 
conductors  being  insulated.  In  whatever  way  a  charge 
nay  be  induced,  it  will  be  found  that  the  one  surface  loses 
%B  much  as  the  other  gains ;  since  a  conducting  communi- 
zatioD  is  always  sufficient  to  bring  them  both  back  to  a 
itate  of  neutrality.  Hence  as  the  sum  of  the  quantities  on 
tK>th  sides  of  the  pane  is  always  the  same,  charging  the 
pane  does  not  derange  the  electrical  equilibrium  of  the 
surrounding  medium. 

81.  The  charge  must  vary  in  its  strength  according  to 
the  power  of  the  machine,  the  dryness  of  the  air,  and  the 
thickness  of  the  glass;  since  the  self-repellent  power  of 
the  electric  particles,  and  their  attraction  for  the  negative 
surface  of  the  glass,  must  be  inversely  as  the  squares  of 
the  distances  at  which  they  operate. 

82.  On  this  account,  as  a  plate  of  mica  may,  with  less 
thickness,  possess  greater  strength  than  a  glass  pane,  it 
will,  in  proportion  to  the  respective  areas,  receive  a  much 
higher  charge.  A  certain  degree  of  strength  is  necessary 
to  enable  the  glass  to  resist  the  intense  attraction  between 
the  surcharge  of  electricity  on  the  positive  side,  and  the 
surface  of  the  glass  on  the  negative  side.  In  obtaining 
this  strength  in  the  glass,  we  increase  the  distance  be- 
tween the  surfaces,  and  of  course  diminish  the  efficacy  of 
the  self-repellent  and  attractive  powers  on  which  the  charge 
depends. 

Experimental  Illustrations. 

83.  That  the  charges  may  be  imparted  through  either 
coating  by  either  conductor,  shown  by  duly  charging  and 
discharging  coated  panes  and  jars. 
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Experimental  Proofs  thai  ike  different  Surfaces  of  a  (j 
Electric  are  oppositc/y  cleclnjied. 

84.  If,  from  the  condactote 
electrical  macliinc  in  opcrij 
Leyden  jar  be  suspended  bjj 
tallic  hook,  connected  with  i 
its  coatings,  it  receives  no  ■ 
until  the  other  coating  is  tq 
mated  by  a  conducting  suh 
which  communicates  directlj 
directly  with  the  otlier  cm 
of  the  machine. 

8.5.  If  one  or  more  bo4 
for  instance,  little  metalbl! 
qualified  to  act  as  bell  clapj 
suspended  at  a  suitable  a 
between  bells  severally  communicating  with  the  o 
of  a  charged  pane  or  jar,  the  balls  will  play  betwj 
bells,  demonstrating  them  to  be  oppositely  elecili 
their  communication  with  the  different  surfaces.       j 

Chime  of  Bells. 


BLBCTRIOITT.  21 

86.  The  little  metallic  biUs,  (,  b,  and  the  bell  sitnated  between  them,  being  ras- 
pMHled  by  silk,  which  is  a  non^ondactor,  cannot  receive  the  electrical  excitement 
MauBonicated  to  the  inner  coating  of  the  jar.  Bat  the  two  outer  bells  being  sua- 
MMled  by  metallic  chains  from  a  metallic  rod  commanicating  with  the  inner  coat- 
hf,  will  partake  of  the  excitement  in  this  coating.  ConsequenUy  the  balls  remaining 
Hwtfal,  while  the  outer  belb  are  excited,  are  attracted  by  these,  and  on  coming  in 
watoct  with  them  receive  a  quantity  of  the  electric  fluid  adequate  to  bring  them  to 
Hm  tame  degree  of  excitement.  Hence  in  the  next  place  they  separate  from  these 
Mliy  and  are  attracted  by  the  central  bell,  which,  by  means  of  a  chain  connecting 
K  with  the  external  surface  of  the  j|ar,  is  brought  into  the  same  electrical  state  ae 
Mi  eoHaee,  and  mast  of  course  be  in  a  state  opposite  to  that  of  the  bells  com  muni- 
Ming  with  the  other  surface.  The  balls,  by  contact  with  the  central  bell,  lose  as 
Bneh  electricity  as  will  bring  them  to  the  same  state  as  this  bell,  and  are  then  se- 
Mnled  ftom  tms  bell;  and  are  attracted  by  the  others,  are  again  separated,  and  are 
iMfim  attracted,  until  by  repetition  they  transfer  the  surcharge  on  one  surface  to  the 
ilWr,  and  thus  restore  the  equilibrium.  Gravitation  operating  upon  the  balls  as 
ipCMi  the  pendulum  of  a  clock,  evidently  cooperates  to  sustain  their  vibrations. 

87.  The  length  of  time  that  the  bells  may  be  kept  ringing  by  the  vibration  of  the 
■lis,  when  the  air  is  dry ,  may  excite  surprise  at  first ;  but  it  should  be  recollected 
bat  the  balls  can  only  carry  off  at  each  stroke  a  portion  of  the  electric  fluid,  which 
I  to  the  whole  quantity  in  the  coating,  as  the  superficies  of  the  ball  is  to  the  snr- 
ica  of  the  coating;  or  less,  probably,  than  as  one  to  ten  thousand. 

y  the  pari  .performed  by  the  Coatings  in  the  case  of  the 

Leyden  Jar^  or  Coated  Pane* 

88.  Metallic  coatings,  employed  as  in  the  preceding 
kzperiments,  are  of  use  in  conveying  the  charge,  but  do 
lot  contain  it.  The  effect  of  die  tin  foil  is  simply  to 
Ause  the  speedy  and  equal  distribution  of  the  electricity 
iver  the  surface  of  the  glass,  which,  being  an  electric, 
cannot  by  itself  convey  the  excitement  from  one  part  of  its 
surface  to  another.  Hence  a  pane  without  coatings  can 
mly  be  partially  charged  or  discharged  at  one  contact. 

Pane  with  Miweable  Coatings. 

80.  T  T  represents  metallic  sheets,  which  are  used  as  coatings  to  a 
moBy  also  represented  in  the  figure.  One  of  the  sheets  is  insulated  by 
leing  supported  upon  a  stand  with  a  glass  leg,  the  other  by  being  held  by 
I  glass  handle. 
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ExperimcMat  Jllustration, 

00.  A  glass  pSDe,  P,  held  by  means  of  an  iiMtiT«ling  1 
same  mtilerial,  is  made  lo  touch  ihe  knob  nC  aa  cxcilcd  con 
electrical  machioo  oa  uae  8i<Jo;  whito  auoltter  meuiilic  iintb,  o^^ 
eating  Willi  the  other  cooduciur  oT  the  machiuc,  is  mMltt  to  loucli  Al|M 
on  the  other  aide,  in  tlie  p&rt  opposite  to  the  tint  nKittJooeil  kiA  j| 
varyiag  the  situallon  of  the  knobs,  ihc  pane  is  r.barguil  wberemBMi 
faces  have  been  sufficiently  in  the  vicinity  of  the  kiHjhs.  \£,  ay 
prepared,  it  be  supported  by  ita  liandic,  and  one  fannd  of  tfae  a. 
approximated  to  oiie  side,  while  the  other  hand  appFoxiRuiles  the  o^-l 
can  only  be  graduidty  discharged,  aa  it  was  char(^  ;  the  ktwcUc*  ht) 
made  to  assume,  suco^ssively,  the  various  positions  rclatnclv  b  tte  fM 
previously  occupied  by  the  knoba.  But  the  pane  being  aptia  ctaif^  k 
the  knoba,  with  the  aid  of  the  coatings,  T,  T,  properly  appljrd,  the  ■  ' 
are  thoroughly  and  iostantaneoiialy  dischtu^d,  if  a  coiuJuctitt|  «ea 
cation  be  made  between  llie  coatings,  by  mcnns  of  tbe  bandikWHrt 
person  of  the  operator,  or  by  any  other  conductor. 

91.  The  coalings  being  applied  to  the  pane  whilst  chnrpao,  ^i>- 
removed,  the  discharge  can  only  be  ofiecied  grndually,  a»  |hl  kllArtf  ^ 
discharger  is  mnde  lo  puss  over  the  charged  surfaur*,  tbe  mhobm' " 
ibe  other  upon  the  other  side  of  the  pane.  . 

93.  Any  other  conducting  substance  which  will  arcxnonodM*  V* 
th«  surflico  of  (he  glass,  may  bo  subslitiited  for  lia  (bU. 
preferable,  as  they  are  pre-emiuenlly  the  best  conductonk 

Gtau  Vessel  so  siluated  as  thai  Water  in  made  to  perftirm  tktmm^ 
as'  Mftallie  Coafingn  in  the  Leyden  Phial,  iltiutrtUtitg  the  trif^' 
Bxperimenl  of  Ciaieus  and  JSushaibroeclc. 

93,  A  elosi  rtmO,  easiMU^i 
quantity  of  water,  of  which  ^  w 
face  should  not  bt-  Ifss  i 
inches  below  ihe  bnni.  aod 
the  extPrior  surface  shuulU  bect^W 
by  water  lo  the  same  heighi  »»  * 
inner  surface,  may,  as  in  theoA- 
braied  experiment  of  Oidm  id 
Mushenbrocck,  be  charfied  >aJ  fc 
charged  by  the  same  mmn*  »  l*» 
pane  or  pliial  coated  viih  tin  S4 
though  less  advantagrvaslv. 

94.  Gold,  silver,  or  c^ppw  bf 
mclnllic  tilinfis,  or  monsiry,  naj  I* 
substituted  for  the  conii^p  d  ■ 
Leydun  jnr.  When  mcttlUc  Ai^ 
arc  glued  to  the  aurfaoa  of  a  fMl 
or  jar  within  the  npaca  vmtBj  li- 
lotted   to   the    tin    Ibil    coatings!  tfc( 

discontinuity  of  ilic  conducting  surfaces  causes  the  jmssneo  of  the  elecirirtv 
from  one  portion  of  (be  surface  lo  another  lo  be  indicated  by  splendid  coi- 
ns, which  will  hcrea^er  be  fully  illustrated. 
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tieperimeiUai  Demotutration  that  the  Charge  of  a  Leyden  Jar  doM  not 
^  reiide  in  the  Coatingi. 

90,  That  the  charge  docs  not  reside  in  the  coalings,  mny  be  proved  by 
'BMHwing  ihcm,  touchiog  them  with  the  hand  while  separated  froni  (he 
!■■•,  mod  allerwards  replacing  iheni,  and  making  a  communicalion  be- 
-««en  tbem.  A  discharge  will  take  place  in  the  same  way  as  if  they  had 
'  -wt  been  lemoved. 

96.  Instead  of  tin  foil  coatings,  a  metal* 
lie  case  is  made  just  large  enough  to  receive 
a  tumbler  with  ease,  and  reaching  about 
two-thirds  of  ita  height.  A  hollow  cylin- 
der of  the  same  material  is  made  so  as  to 
fill  the  cavity  of  [be  tumbler  to  the  san>e 
height  as  the  case  reaches  od  the  outside, 
and  yet  so  loose  as  to  be  removed  without 
difficulty.  The  tumbler  being  charged  in 
the  usual  way,  the  cylinder  may  in  the 
first  place  be  hfted  out  of  the  tumbler  by 
tneaos  of  a  glass  rod,  and  the  tumbler  In 
the  next  place  grasped  at  the  brim,  and 
lided  out  of  the  case  without  destroying  the 
charge.  This  is  rendered  evident  by  re- 
instating the  tumbler  in  its  case  and  tbe 
cylinder  in  the  tumbler;  and  by  means  of 
the  discharger  making  a  conduclins  com- 
munication between  the  case  and  tne  ball 
of  the  wire  communicating  with  the  cylin- 
der. An  electrical  spark  will  then  pass  with  the  usual  noise.  Or,  if  itifl 
circuit  be  established  by  touching  the  knob  with  one  hand,  and  the  case 
with  tbe  other,  a  shock  will  be  experienced. 

Of  Electrical  Batteries. 
97>  A  series  of  coated  jars  being  placed  side  by  side 
in  a  box,  and  all  the  inner  coatings  being  made  to  commu- 
nicate with  each  other,  and  with  a  ball  of  metal,  by  means 
'  of  metallic  rods;  and  all  the  outer  coatings  being  made 
\  to  communicate  with  each  other,  and  with  another  metal- 
lic ball,  by  strips  of  tin  foil,  the  jars  thus  associated  are 
called  an  electrical  battery. 

9B.  Charging  and  discharging  an  electrical  battery,  how- 
ever extensive,  is  just  as  simple,  and  is  performed  in  pre- 
cisely the  ^ame  way,  as  in  the  case  of  a  single  jar.  To 
chaise  a  single  jar,  or  a  battery,  the  diflcrent  coatings 
must  be  made  to  communicate,  severally,  with  the  different 
conductors  of  an  electrical  machine,  in  operation,  either 
directly,  or  indirectly  through  the  floor  of  the  apartment 
or  other  conducting  medium. 
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99.  To  efiect  a  discharge,  citlier  one  or 
ductors  must  be  made  to  form  a  circuit   from 
to  tlie  other,  either  unbroken,  or  if  interrupted, 
val,  or  the  sum  of  the  intervals,  must  nol 
distance,  called  the  striking  diatHoce,  and  which 
the  power  of  the  electrical  machine. 

100.  Charging  a  battery  will  take  more  or 
according  to  the  number  of  jars  to  be  supplic 
quantity  of  the  electric  fluid  generated  by  the 
But  the  discharge  appears  as  quick  from  a  great  inJ« 
as  from  one,  notwithstanding  the  numerous  ramificnDca 
through  wliich  the  electricity  has  to  pass. 

Eketrieal  Battery  of  thirfff-lwo  Jars,  each  thirteen  incMcs  im  kagk,m 
frc  inehrt  in  diameter. 

101,  My  eleclrical  batlery  is  silualwl  permanently  oa  ibe 
of  the  canopy  over  the  hearth  of  my  lecliin.'  room,  in  tbe  Tkanity  rffl 
large  electrical  machine.  With  ihfposilivP  conductor  of  lh»,  ft  «• 
eiisily  made  to  communicate  by  a  metallic  rod.  From  (be  OOlar  <?.  , 
wire  is  extended  to  one  of  the  iron  columns  of  my  lecture  roon,«loefW 
it  afterwards  descends  to  the  tahle,  and,  when  the  boUery  ■  in  IM^  »> 
sheet  of  metal  on  which  the  battery  discharger  b  placed. 


.103.  It  msj  bB  undetatood  from  inapectinn.  Two  ti-6»  vr  (upported  npa  (M 
plllan.  la  ffliich  iIidv  nrc  aocurod  by  uni  re  rial  join  U,  linim;  ool  onlj  libatrna^ 
on  >  pirot  in  nlmoat  nny  diircliun,  but  >)•>>  la  bo  elid  Ihron^li  ■  ^innv  ancltM.  »* 
to  leiiglhon  or  diurlcn  ilii'  portion  ofUie  rod  between  the  aockal  uxl  Uu  potaL  1^ 
endaof  the  nirea  ue  poinud,  but  near  the  point)  ara  Kirawa  CM  MMliahM"' 
btu*  balla  wbich  may  be  scrawad  on  or  oC 
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104.  Between  the  columns  is  a  little  stand,  which  may  be  Altered  in  heif  ht  by 
of  a  set  screw.  Upon  this  stand,  an  object  to  be  made  the  medinm  of  a  dis- 
may be  placed,  the  ends  of  the  wires  being  in  due  contact  with  it.  To  one 
eyet  at  the  other  end  of  the  rods*  a  wire  or  chain,  communicating  with  a 
I  of  the  battery,  may  be  affixed.  By  means  of  the  common  discharger  (a.  76) 
eommunication  bein^  then  made  between  the  other  rod  and  the  other  coating  of 
iba  battery,  the  circuit  is  completed,  and  the  whole  charge  of  the  battery  passes 
lAvoogh  the  body  upon  the  stand. 

IDdT  In  some  cases  where  pressure  is  required,  the  stand  represented  at  £  is  em* 

Sjed.    Thus  some  gold  leaf,  bein^  compressed  between  two  very  small  panes  of 
■0.  kept  together  by  the  screws  with  which  this  last  mentioned  stand  is  furnished, 
jHBjr  »•  deflagrated,  and  incorporated  with  the  glass. 

* 

Battery  Duchatgtr  for  defiagraHng  Wimg. 


106.  This  apparatus  is  employed  by  me  in  lieu  of  Henley's  universal  discharger 
aboye  described,  being  better  adapted  to  my  apparatus  and  mode  of  operating.  Two 
l^raos  plates  are  secured  to  the  pedestal  by  a  screw  bolt,  N,  which  passes  through  a 
hole  made  in  each,  near  one  extremity;  the  plates  are  thus  allowed  a  circular  mo- 
^n  about  the  bolt  so  as  to  be  set  in  one  straight  line,  or  at  any  angle  with  each  other. 
On  one  of  the  plates  near  the  extremity  not  secured  by  the  bolt,  a  brass  socket  is 
soldered,  into  wntch  a  glass  column  is  cemented,  surmounted  by  a  forceps.  At  the 
eorresponding  end  of  the  other  plate  there  is  a  brass  rod,  R,  perpendicular  to  the 
plate  and  parallel  to  the  glass  column.  This  rod  is  also  furnished  with  a  forceps. 
Between  this  forceps  ana  that  at  F,  supported  and  insulated  by  the  glass  column, 
C»  a  wire  is  stretched,  which  may  be  of  various  lengths,  according  to  the  angle 
which  the  plates,  S,  S,  make  with  each  other.  The  pedestal  shouldl)e  metallic,  or 
haye  a  metallic  plate  at  bottom,  in  communication  with  the  external  coating  of  the 
baUarj.  This  being  accomplished,  it  is  only  necessary  to  charge  the  battery,  witb- 
oat  siibeequently  breaking  the  communication  between  the  inner  coatings  of  the 
jara  and  the  prime  conductor  by  which  the  charge  is  conveyed.   In  that  case,  touch- 
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inir  UiB  eondnctor  is  equiTilcnl  to  n  conlact  with  tha  inner  eo>Unf»  of  it*  q.J 
ftru  plectriol  results  aro  concorimd.  Hence,  by  «u».Bg  ono  of  lb.  ka* <■• 
di«b«r2er,  D,  "ill.  gU™  h.ndlen.  lo  ba  in  ponUct  with  the  .n.ol»le^  l*""?^'*; 
lien  Bpproiiimtine  ihB  olbor  kimb  lo  the  prime  condac lor,  B,  lh»  chMe»«(ni» 
t»ry  wUl  paw  ihfQUEb  the  vrLro,  VV  ;  b»  it  cannot  defend  by  Ih.  glw  aApta.» 
roich  the  opontor  through  the  glus  handle*. 

Of  Electrical  Excitement  hy  Induction. 
107.  The  simplest  case  of  this  kind  is  that  of  the  I^tm 
phial,  or  coated  pane,  already  illustrated,  where  one» 
face  being  in  contact  with  an  excited  conductor,  a  icixJa- 
cy  is  induced  in  the  electricity  on  the  othi^r  side  of  ti» 
electric  to  leave  it.  Agreeably  lo  the  Franklinian  \hert\ 
this  arises  from  the  self- repel  lent  power  which  is  prcfwmi 
to  exist  between  the  particles  of  the  el<fctrical  Ihiid. 

Apparatus  for  the  Illustration  of  Eiedricat  InductiM. 


108.  If  the  outer  and  inner  coatings  of  two  or  \hTvc  in- 
sulated jars  be  made  to  communicate,  and  the  coating  o( 
each  extremity  of  the  scries  be  brought  into  communi* 
tion  with  the  conductors  of  a  machine  in  operalion.  •« 
usual  when  one  jar  is  to  he  charged,  it  will  be  (bund  'iti 
a  charge  is  received  hy  ali;  and  in  discliarging  llicm  ' 
spark  may  be  perceived  to  pass  between  each  jar.  if  i 
small  interval  be  left.  The  effect  of  the  discharge  is  le» 
than  that  which  would  be  produced  by  moans  of  one  jar- 
In  this  case  the  surfaces  arc  said  to  be  charged  by  indwf 
tion. 

109.  The  number  of  jars  which  can  be  thus  aifectolis 
greater  or  less,  according  to  the  inteui^ity  of  the  electrici- 
ty evolved  by  the  machine,  and  the  aggregate  thickness  rf 
glass  interposed. 
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A  fine  Apparattufor  tke  IlttutnUion  rf  EUetrietd  btduclitm. 

=      110.  Aathcprevailingtheoriesofelectricily cannot beuuderstood without 

?■«  Oon«ct  idea  of  eloctrical  ioductioa,  I  have  constructed,  for  the  purpose  of 
rendering  it  more  iDtelligible,  the  apparatus  deacribed  in  the  following  arti- 
c1b>     The  Burfeccs  oppositely  charged,  being  in  the  case  of  panes  exactly 

;  Mlilte,  renders  their  commutable  relation  more  easy  to  understand;  and  the 
proocss,  as  it  proceeds  in  Ibem,  having  a  greater  resemblance  to  that  as* 

~  etibed  to  voltaic  series,  may  hereafler  be  more  advantageously  cited  u  a 

'  meaoa  of  illustration. 


111.  A  series  of  five  panes  coated  on  both  sides  with  tia  (oil,  excepting 
about  two  inches  from  the  edges,  are  situated  in  a  fninie  at  the  distance  <^ 
•bout  two  inches  apart.  A  metallic  communication  is  established  between 
the  inner  coating  of  the  first  pane  in  the  row,  and  that  of  the  second  pone 
immediately  opposite,  by  means  of  a  spiral  spring  of  wire,  which,  by  its 
pressure,  keeps  its  place,  and  produces  a  close  contact  between  its  termina* 
tkw  and  the  tin  foil.  A  similar  spring  is  inlerpooed  between  each  pair  of 
coatings.  The  external  coating  of  the  first,  and  that  of  the  last  pone  in  the 
series  communicate  severally  by  wires  with  nKtnllic  knobs,  A,  B,  supported 
npoa  and  of  couriK!  insulated  by  glass  pillars;  the  coating  of  the  first  pane 
Gommunicaling  wiih  the  knob  at  A,  that  of  the  last  with  the  knob  at  B. 

113.  This  apparatus,  like  aLeyden  jar,  maybe  charged  in  either  of  three 
modes.  That  in  which  only  the  positive  pole  of  the  machine  employed  is 
insulated  from  ihc  earth;  ihal  in  which  only  the  corresponding  Dative 
pole  is  insulated;  and  thai  in  which  both  poles  are  insulated. 

113.  When  the  operation  is  performed  with  the  positive  pole  insulated,  the 
negative  pole  communicating  with  the  earth,  the  surcharge  induct  in  the 
coated  surface  of  this  first  pane  expels  from  iho  inner  coaled  surface 
of  that  pane  a  portion  of  electricity,  which  is  of  course  driven  through  the 
spiral  into  the  nearest  coated  surface  of  (he  pane  next  in  order.  The  sur- 
charge induced  thus  in  the  nearer  surface  of  the  second  pane,  causes  the 
other  surface  of  this  pane  to  give  up  electridty  to  the  nearer  surface  of  the 
third  pane:  so  that  by  a  repetition  of  the  process,  every  pane  will  be 
chaiged;  the  last  surface  or  the  external  sur&ceof  the  fifth  pane,  relio- 
qnishing  a  portion  of  its  electricity  to  the  eiuth. 
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114.  During  the  access  of  ihe  charge,  ihe  apparatus  only  rTicn»»« 
cession  of  the  Quid  on  the  external  coated  surface  of  the  &nA  fute,  tn 
a  portion  from  that  of  the  last  pane.  In  tlie  other  surtiwp-!i  tbe  ^au 
not  altered;  since  whatever  one  loses  is  gained  by  anodtcr  with  •! 
communicates. 

115.  When  the  operation  U  peTformed  witb  the  negative  pole  iaiiv 
of  insulation,  it  will  be  the  converse  of  that  above  descritwd.  QriiM 
being  abstracted  Groin  the  external  surface  of  the  filih  pane,  ii^  ■ 
being  accumulated  upon  that  of  the  first  pane,  the  iuiProal  sittbadit 
fifth  pane  becomes  positively  excited  at  the  expense  of  ibe  ae«rai  mAod 
lliG  fourth  pane,  which  of  course  becomes  n^aiive  on  tbe  tmftix^ 
robbed,  and  posidve  on  ihe  other  side,  at  Ihe  expense  of  ibe  coand  Mte 
of  the  third  pane.  Thus  by  a  soccessivo  Inductive  influence, 
from  pane  to  pane,  every  other  surface  is  negatively  chai^^ed, 
which  alternate  with  (hem  lo  be  charged  in  ihe  op|>osie  way. 

116.  When  ihe  knobs,  A  and  B,  are  acted  upon  by  a  [nac])iae  wttiiA 
poles  insulated,  the  two  processes  above  described  co-operate  sintalunn^! 
since,  while  electricity  is  abstracted  from  the  external  sur&ce  in  dimt  o*' 
munication  mth  B,  on  the  righl,  il  is  accumulated  upon  the  f^xien^  i«f 
communicating  with  A,  on  the  ind ;  so  that,  by  the  inductive  pioceK.«< 
pane  becomes  charged. 

117.  Jn  whichever  of  these  modes  a  charge  may  be  imparf^  n  dixlii 
of  all  the  surfaces  may  be  elfected  by  making  a  conducting  conunDoitM 
between  the  external  surfaces  of  the  first  and  fifth  paiw  by  toucJaif 
knobs  A  and  B,  severally  communicating  with  thcni,  by  n  diachar^.  IV 
only  diiference  consequent  to  llie  different  modes  of  charging  i»  in  ibf"* 
of  the  charge  relatively  to  that  of  the  earih,  which  is  convenlioDallj  ^* 
fied  with  neutrality. 

118.  Each  mode  of  charging  is  productive  of  a  diRercnt  stnle  oTthep^ 
relatively  to  the  neutral  state.  Wluchever  of  the  koolH  A.  B|  aad  tt«HB  . 
the  surfaces  of  the  firsl  and  Mh  pane  communicating  with  ihem  «!>(«» 
munication  simultaneously  with  the  earth  and  a  conductor  of  liie  Lmlwr, 
must  have  the  same  state  as  the  earth,  and  must  conser^uenil)  he  inanl- 
The  other  knob,  and  its  connected  coaled  surface,  must  have  the  oaHvM 
of  this  conductor.  It  follows,  that  in  the  cnsc  in  whicli  one  kiMb,  A,  ioM 
communicate  with  the  excited  positive  conductor  while  the  knob,  B,ca» 
municates  with  the  oilier  conductor  and  with  the  earth,  the  oegabn  ^ 
faces  of  all  the  panes,  excepting  the  external  surface  of  iho  fi(Ui  pane,  wi 
he  positive  relatively  to  the  earth.  And,  vice  versa,  ^lal  if  A  cummuMtt 
with  the  negative  conductor,  B,  being  uninsulated,  as  above  di-scrited,  iB 
the  positive  surfaces  of  the  pane,  excepting  the  (irst.  commuutcttling  »ilk  Jk- 
will  be  n^alive  relatively  to  the  earlh.  When  both  eooduclors  <if  the  !■■ 
chine  are  insulated,  and  severally  while  excited  in  comniunicatioa.  llr«W 
with  A,  the  other  with  B,  the  coatings  of  the  central  pane  will  be  ikO^ 
while  all  (hose  between  that  pane  and  the  knob  communicatjiu  wiik  tte 
poutive  conductor  will  he  rcl  a  lively  positive,  while  all  on  Iheothcr  (idtitfl 
will  be  relatively  negative.  To  ihe  student,  who  shall  follow  nir  iothiio- 
planation,  it  will  be  quite  evident  that  positive  end  negative  cIcdriciiT  wi 
relative  steles,  and  that  a  body,  E,  may  bo  negative  as  rvspccls  0,  vti'm- 
live  as  respects  F.  Wlun  this  appernlus  is  discharged  as  abovn  JIiilhW. 
the  surcharge  in  the  surface  of  one  of  the  extreme  panes,  cx>ni|M^M 
the  deficiency  in  that  of  the  other  extreme  pane;  and,  at  the  ^^fip  ma 
Ibe  equilibrium  is  restored  between  all  ihc  i ii termed iale  surftces.    Asf 
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Miects  these  there  has  been  no  loss  or  gain  of  the  electric  fluid.  The  actual 
anaoges  have  only  amounted  to  a  transfer  and  retransfcr  from  one  set  of 
lie  surfaces  to  another. 

Exposition  of  the  difference  between  Induction  and  Condvction. 

110.  There  is  a  great  analogy  between  the  process  by  which  an  excess 
«r  ^ectricity  in  one  body  is  conveyed  to  another  through  a  conductor,  and 
liat  in  which  the  air  condensed  in  one  vessel  is  conveyed  to  another  through 
t  tube,  in  order  to  attain  an  equilibrium.  But  when  the  process  by  which 
I  body,  surcharged  with  electricity,  electrifies  another  body,  inductively,  is 
aompared  with  any  which  can  exist  between  a  cavity  surcharged  with  air, 
ind  another  in  its  vicinity,  no  analogy  can  be  discovered.  However  air 
nay  be  condensed  in  one  receiver,  it  has  no  influence  upon  the  quantity 
Nfhich  can  be  retained  by  a  neighbouring  receiver  with  which  no  channel 
>r  communication  exists.  That  removal  of  all  obstruction  to  the  transfer 
>f  the  redundant  fluid,  which  is  the  efllect  of  the  conducting  process,  would 
le  latal  to  the  process  of  induction.  This  requires  that  no  means  of  con- 
reyanoe  shall  exist  between  the  electrified  body  and  that  subjected  to  its  in- 
luctive  influence.  Moreover,  the  excitement  produced  by  conduction,  is  the 
lame  as  that  of  the  exciting  body,  while  that  which  results  from  induction 
m  the  opposite  of  the  kind  by  which  it  is  induced.  Nevertheless,  a  body 
sliarged  by  conduction  may  produce  a  charge  by  induction ;  and  a  charge 
>y  induction,  may  be  discharged  by  conduction. 

Cf  Dynamic  Electrical  Induction. 

120.  Besides  that  kind  of  statical  electrical  induction,  which  I  have  been 
endeavouring  to  explain,  there  is  another  kind  which  may  be  called  dynamie 
Blectrical  induction.  For  our  knowledge  of  this  species  of  electrical  reac- 
tion, we  are  indebted  to  Faraday.  It  is  in  fact  to  this  habitude  of  electri- 
city, that  the  Faradian  currents  are  attributable,  respecting  which  I  have 
treated  briefly  in  my  Treatise  on  Electro-magnetism,  page  60.  The  expe- 
liments  of  Henr>',  mentioned  page  57,  of  same  treatise,  aflbrd  an  illustration 
of  the  analogy  between  the  dynamic  inductive  influence  of  electricity  pro- 
per, and  that  excited  by  galvano-chemical  reaction. 

MEANS  OF  DETECTING  OR  MEASURING  ELECTRICITT. 

121.  It  has  been  seen  that  the  property  which  light  bodies  have  of  sepa- 
rating from,  or  approaching  to,  each  other  when  electrified,  has  been  of  use 
in  showing  the  nature  and  extent  of  electrical  excitement. 

122.  A  ball  of  pith,  sup{)orted  by  a  radius,  suspended  from  a  pivot,  so 
as  to  be  capable  of  describing  an  arc  of  ninety  degrees,  over  a  correspond- 
ing curved  scale,  constitutes  Henley's  quadrant  electrometer,  employed  in 
the  experimental  illustrations,  (e.  130.) 

123.  Bennet's  electrometer  has  been  described,  in  which  nietallic  leaves 
are  suspended  within  a  glass  cylinder,  to  a  metallic  cap;  slips  of  tin  foil 
heing  pasted  on  the  glass,  opposite  and  parallel  to  the  gold  leaves. 

124.  This  lost  mentioned  instrument  is  sometimes  more  properly  called 
ao  electroscope;  as  it  is  better  calculated  to  discover  electricity  than  to 
measure  it. 

125.  The  efficacy  of  the  gold  leaf  electroscope  is  much  increased  by  the 
addition  of  two  metallic  disks,  one  soldered  to  the  cap,  the  other  attached 


80  IMPONDBRASLB  SUBSTANCBB. 

la  the  Ibot  by  &  hinge;  so  as  Ihat  it  may  be  placed  Mrallrj.anla 
the  first  mentioned  diak  as  it  can  be  without  touchit^.  Id  lUi  e 
capacity  for  electricity  of  fhe  diak  attached  to  the  caf  ia  faond  ■ 
creased  by  induction;  so  that  it  will  receive  a  surcbdna.  Wtaii 
are  separated,  the  excess  of  electricity  received  while  taey  «cra  h 
other,  is  indicated  by  (he  divergence  oflltc  leaves. 

126.  The  instrumeni  thus  constituted,  is  called  tbo  eofufaoBimi 
meter,  of  which  an  engraving  and  description  is  annexed. 

Dueription  of  the  Condemitig  EUctrow^ttr. 

137.  The  oanAeam^  ifa 
ler,  of  which  the  annexed  fie 
reprpsentatioD,  ditlDrs  (rand 
nary  inslrumeat,  in  beiv  fa 
with  two  metallic  di3)(«,0M 
Gi  to  the  canopy,  C,  tlie  cd 
held  by  a  wire  The  me 
naios  in  a  hinge  at  A,  by  «l 
diak  which  it  supports  may  \ 
to  appTOBch,  or  retire  from  il 
diak.  The  meullic  hingd  « 
Dtcntes.  by  a  strin  of  tin  fa 
other  stn'ps  of  Iho  awM  ■ 
which  are  pasted  on  ibe  gi 
already  described  in  the  ok 
gold  leaf  electrometer,  (e.  M- 
128.  In  order  to  put  this  inatnimonl  into  operation,  the  disks  a 
quite  parallel,  and  as  near  each  other  as  possible  without  ooHmA 
on  touching  the  cap  with  an  clocti^ficd  mass,  coBtoinioK  a  dnM4 
Iricity  otherwise  too  low  to  afiect  the  leaves,  and  afterwards  remri 
disk  D  to  the  disUtnre  of  two  or  three  incfiea,  the  leaves  direrw.  A 
gence  of  the  leaves  of  the  condensing  clpctromeier  may  be  pra^ 
supporting  a  zinc  disk  of  aSoul  six  inches  in  diameter,  ia  the  h 
otherwise,  so  as  to  have  a  communicntion.  directly  or  indiiticilr.  w 
pedestal  of  the  electrometer,  and  placing  on  it,  from  ten  to  Iw^drii 
disk  of  copper  of  the  same  size,  held  liy  a  glass  handle,  and  aifli 
moval  bringing  the  copper  diak  in.  coDlacc  with  the  cap  of  the  «hl 
ter.  By  these  means  a  charge  is  imparted  to  the  cap,  which,  wl 
outer  disk  ia  removed,  is  evinced  by  the  divergency  of  the  Iutcb 
our  knowleilge  of  the  last  mentioned  method  of  prodiiciiiK  eltrtric 
the  contact  ol"  lieterogeneous  melala,  we  arc  indebted,  I  believe  lo  lb 
brated  Volta.  ' 

129.  I  have  constructed  an  electroscope,  with  a  single  leaf,  to  wl 
brass  ball  may  be  approximated  by  a  tnicrometor  screw.  This  \i 
sensitive  than  any  electrometer  which  I  have  seen  on  the  usud 
When  fumiEhcd  with  a  cap  of  zinc,  if  a  plate  of  copper  be  placed 
cap,  and  then  lifted,  the  leaf  will  strike  ihe  ball.  This  instrument  sd 
as  an  electroscope  and  as  nn  electron leicr,  as  it  delects  and  mcasui 
minutest  degree  of  excilemcni. 
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Deicriplitm  of  Henhy'M  Quadrant  EUctrometcr. 

130.  Henley's  electrometer  consists  of  a  little 
wooden  column,  supporting  a  semicircle  of  ivory, 
or  of  wood  covered  with  white  paper,  graduated 
near  the  periphery  into  180  degrees.  At  the 
centre  of  the  semicircle  there  is  a  pin,  from 
which  a  moveaUe  radius  terminated  by  a  pith 
bell  is  suspended.  This  radius  is  sufficiently 
long  to  allow  the  ball  to  reach  to  the  base  of  the 
column,  against  which,  when  left  to  itself,  it 
rests.  Bui  when  the  ball  and  column  are  elec 
trilicd,  the  ball  moves  off  from  the  column,  lo- 
gclhe'r  with  the  radius  to  which  it  is  affixed.  But 
the  radius  being  secuicd  to  the  pivot  at  its  upper 
end,  the  ball  must  describe  a  greater  or  less  por- 
tion of  a  circle,  which  is  at  the  same  time  indi- 
cated and  moasured  by  the  graduation. 

rriptioa  of  tlie  SiagU  Le^  Eltetranuter,  ty  toiuA  ike  EUctruitp,  adltd  by  tit 

n.  A  liiwle  ^Id  leaf  ii  nupendsd  front  a  diik  of  sue  ui  incfaes  in  diamatar, 
th  coiMbtiitai  the  cap  of  the  initmment.  Oppoute  to  thk  ainfle  leaf  a  ball  u 
■cwtnd,  which  ma;  bo  made  to  approach  tiis  leaf,  or  recede  fVom  it,  by  meaiu  of  a 
■crew.  Of  the  nme  iiie  ai  Iha  diik  which  foimc 
the  cap  there  i>  a  copper  diik  with  a  glaie  handle. 


copper  and  li 

ing  manner,     nace  ue  oiui  di 
ofiinc,  which  fonna  the  cap  o 
Take  the  micrometer  Kiew  in  c 
copper  ditk  with  the  other, 
from  the  line,     llanally,  a 


n  the  follow- 


JL 

b^Al^^^^  ofiinc,  which  fonna  the  cap  of  the  eteetromeler. 

^  — -=^,1.  ^^^^  ^^  micrometer  Kiew  in  one  hand,  touch  the 

i  then  lift  this  diak 

ii  effected,  the  gold  leaf  will  itrike  tlie  ball,  if  the 
one  be  not  more  (ban  the  twentieth  of  an  inch 
apart  from  the  other.  Ten  contacta  of  the  nme 
diika  of  copper  and  line  will  be  foand  neceanrj 
to  prodnce  a  leniibte  difergeacy  in  the  leavei 
-  '"  --^--inB  electrometer.  That  Ibe  pbe- 
I  from  Ihe  disiimilarity  of  the 
melnle,  !■  eaajlj  ihown  bj  repealing  tbe  eiperi- 
ment  with  a  line  diak,  in  lien  of  a  diak  of  cop- 
pci.  The  aepaTalioD  of  the  homofeneoaa  diika 
will  not  bo  found  to  produce  any  contact  between 
the  [ear  and  ball  I  believe  ihia  to  be  the  only 
xcitomenl,  jirodnced  by  the  contact  of  heterogeneoaa 
;aii,  cnn  be  made  evident  wilhout  the  aid  of  a  condenaer. 
33.  It  is  probable  Ihni  the  icnuibilHy  of  thia  initrumenl  ia  dependent  on  that 
perty  of  electricity  which  causes  any  surcharge  of  it.  which  may  be  created  in  a 
dacting  aurfaco,  to  aeek  an  exit  at  the  most  projecting  termination,  nr  point, 
aacled  with  the  surface.  Tliii  diaposition  is  no  doubt  rendered  greater  by  Ihe 
limity  of  Iho  ball,  which  increasci  Ihe  capacity  of  Ihe  gold  leaf  to  receive  Ibe 
charge,  in  tlie  same  manner  as  Ihe  uninBuIated  disk  of  a  condenser,  (c.  27,)  in- 
lactt  the  electrical  capacity  of  the  iniulnlcd  disk  in  ita  neighbourhood. 
*'    '■  ~   '  ■""  expccled  thai  Ihe  phenomenon  altovo  described  can  ba  pro- 


I  weather  unfavourable  to  electricity.     Under  favourable  i 


«,  I 


For  the  eiperiment  with  thia  elect romoter,  a  metallic  handle  would  aniwer. 
being  of  glaa*,  enabled  me  to  compare  the  indication,  Ibua  obtained  by  my  in. 
iment,  wiLh  that  obtained  by  a  c<    ' 
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hate  pToduGcd  il  by  means  of  il  (maUer  electromelet,  of  irluiiii  tha  iliski  i 
two  and  •  half  inohei  in  diamotBr.' 

135.  The  conatruotlon,  a>  rcapvcU  tbe  luiT  ami  ball,  rcgoJaleil  hj  iht  mk 
■ereff ,  remaining  ibc  aiuiu).  Ihn  nap  of  a  condaiuiag  nlociroinrtrr  and  iti  A 
be  aubvUlutcd  for  the  una  diak. 

ZttMeriytion  of  Coulomb'i  Eleclrotarttr. 

1 36.  The  electrometer  of  Coulomb  is  suiiiilile  rutlivr  for  the  inis 
than  tor  the  illusiraiivii  of  ole«iric»l  plieDuuKiim.     Vci,  a*  il  ru)*  kj 
to  convey  an  idea  oFthu  prtDCipb  of  ihis  iustmnieat,  t  dtnll  tjuoiefa 
Treatise  on  Heat  and  Blectricit)'  oftho  dislinguislteii  Dr.  Tboamxtl^ 
gow,  a  description,  accompanied  by  an  engraving  of  tho 
question  id  the  most  simple  form.     Alluding  to  tli>?  gold  leaf 
(e.  S4,]  or  that  in  which  straws  are  used  in  place  of  gold  ha^  k 
Thomson  observes ; — 

137.  "  In  thsaD  and  many  other  cammon  ekctromelers  wliich  I  ihak  it  ad 
to  deicribo,  the  inalrument  cannot  bo  conaidsTBd  aa  a  uiw  ro«iuun  of  Ik^ 
of  eleotricily :  becauio  as  the  two  strana  or  the  two  slipa  of  ^td  laaf  bimM 
thcr  and  Inrlhijr  from  each  dlhoT,  il  ia  evtdetit  l)ial  graviutuia  trtU  MX  «■■ 
more  powerfully  lo  bring  Ihem  back  again  tolheirnnlurall/  vafXicuil  pHMIiMi  Hi 
the  repulsivu  force  of  Iho  alraws,  or  leaf,  ia  not  proporlional  hi  (ha  dolaan  laal 
they  aeparate  from  each  other.  These  inatiunioiiU  cajinol  of  course  W  Mfti 
to  meaiure  the  energy  of  eicctricily. 

VM.  "  Bat  the  elDCtrometer  of  Coulomb  u  frwc  bom  OmM 
Il  ia  repreacnted  in  Ihc  margin.  It  conajsu  o(a  gUm  Tosalta 
■  lid  alao  of  glaaa,  in  the  centre  of  which  *  nnaXl  bat*  M  M 
Through  thin  hole  paaiea  an  unlwialed  raw  ailk  Iknad  fivM 
long,  and  fixed  at  itie  top  to  a  micrometeT,  by  naciaft*  «f  aM 
□lay  lie  turned  round  any  number  of  d^greea  at  plaaaDM.  Ik 
aillt  thread  ia  alUobod  a  very  Cue  gnm  lac  Ihreacl,  H,  laiil 
each  oitremily  a  apaall  kno'b,  Thu  lac  ncwlte,  with  '» ta 
weigliB  only  one-fourth  of  a  gmiri.  A  amall  halo  ia  iliilW  •>■ 
Hido  of  the  Teasel,  at  A,  tlirough  which  paai 
naled  at  botli  eltremiliea  l>y  a  knob.  Wb«>i 
'.  with  Iho  knob  at  A,  the  ku 


^& 


^^s=^ 


.  juire  th( 

lo  the  knob  of  the  tac 
previoualy  almoal  id  conlacl,  and  the  two  ku. 
tile  knub  Bltached  by  tho  ailk  thread  will  ee 
of  electricity  will  be  proportional  lo  the  disla 

139.  "  Coulomb'a  electrical  balance  ii  aii 
qaanlily  of  oloctricily  in  bodiei,  andindispen 

140.  Il  should  be  unileratood  tliat  in  tlila 
needle  may  be  made  to  tesiit  gufficienlly  il 
wire,  by  Iwialtng  iho  lilken  libro.     Coulomb 


iBpouUed  by  t 

>l)6  will  repel  eacti  otber.      m 
juralo  from  Iho  other,  and  tin 
ncc  lo  which  il  ia  drives  at 
inalrument  intended    (o  ana 

natruincot,  the  knob  of  the  n 
9  removal  from  that  >nppn(W4 
contrived  a  looni  perfect  laJ 
IS  the  one  which  1  have  daacri 
ig  Ilia  diaUoce  belween  the  UOk  M 
l.njliia,!       -  ■ 


"  proved  by  verj 
upon  hodiea  acci 
tlian  for  another 


ir  of  the  bud).     He 


a  Dr.  Thomaon  cOBCtrm 
olecincitv  depoaitnW* 
ire  altraciion  f«  ooi  **>! 
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lividMi  equally  between  them."    Allow&nce  b  to  be  made  for  the  obttraction  arie- 
Irom  the  cUvenity  of  condacting  power,  which,  however,  only  delays  the  equal- 
ly but  does  not  prevent  it  from  taking  place. 


Of  Cuthbert8on*8  Balance  Electrometer. 
142.  The  followinjT  figure  affords  a  faithful  idea  of  this  instrument.     Of 
which  1  shall  proceed  to  give  an  explanation. 

143.  The  brass  ball,  a,  surmounts 
a  rod  of  the  same  metal,  upon  the 
lower  end  of  which  a  cork  is  secured. 
This  cork  may  be  slid  upwards  or 
downwards,  within  the  glass  tube  sup- 
porting it,  like  the  piston  of  a  syringe* 
By  these  means  the  ball,  while  insu- 
lated by  the  glass,  is  liable  to  be  so 
varied  in  its  height,  as  to  be  supported 
at  auy  eligible  distance  from  the  ball, 
b,  beneath  which  it  is  situated.  This 
last  mentioned  ball,  6,  and  the  rest  of 
the  apparatus  with  which  it  is  associ- 
ated, is  supported  and  insulated  by 
means  of  the  glass  leg,  c.  The  ball, 
&,  is  attached  to  the  end  of  the  rod, 
dy  which  is  balanced  upon  a  fulcrum  within  the  hollow  globe,  e,  in  the  same 
way  as  the  beam  of  a  steelyard.  The  ball,  f,  is  made  just  heavy  enough 
to  counterbalance  the  ball,  b,  together  with  the  sliding  weight,  g^  when  this 
weight  is  at  the  greatest  possible  distance  from  the  fulcrum. 

144.  The  globe,  c,  supports  two  reds,  one  proceeding  from  it  vertically 
and  surmounted  by  the  ball.  A,  the  other  proceeding  from  it  horizonally,  so 
as  to  be  in  cx)ntact  with  the  ball,  6,  as  represented. 

145.  When,  previously  to  the  charging  of  a  Leyden  jar,  the  ball,*a,  is 
made  to  communicate  with  one  coating,  the  outer  one,  for  instance,  while 
the  rest  of  the  balls  and  the  lever  communicate  with  the  other  coating,  the 
balls,  a  and  b,  am  made  to  attract  each  other  with  a  force  proportionable  to 
the  intensity  of  the  charge  and  their  proximity.  Hence,  by  approximating 
a  to  6,  or  by  sliding  the  weight,  g,  further  from  the  fulcrum,  the  resistance 
of  the  counterweight, y,  may  be  render^^d  inadequate  to  counteract  the  elec- 
trical attraction  produa'd  by  a  very  low  charge.  Whenever  this  takes 
place,  the  ball,  b,  will  descend  until  the  interval  between  it  and  a,  is  so 
small,  that  the  electric  fluid  can  leap  through  it  so  as  to  discharge  the  jar 
or  battery*  On  the  other  hand,  by  incrtmsing  the  distance  between  a  and  6, 
or  lessening  that  betwten  the  fnlcnim  and  g,  a  proportionably  higher  charge 
will  be  requisite  to  overcome?  the  resistance  of  the  loaded  ball,  f,  so  as  to 
allow  b  to  descend  sufficiently  to  enable  the  discharge  to  ensue. 

146.  It  follows  from  the  constniclion  of  this  electrometer,  as  explained, 
that  we  can  cause  successive  discharges  of  exactly  the  same  strength,  by 
keefnng  the  distance  between  the  balls  a  and  ft,  and  that  between  the  weight 
gf  and  the  fulcrum  unchanged.  It  must  likewise  be  evident,  that  the  inten- 
sity of  the  charges,  and  consequently  of  the  discharges  and  shocks  given, 
may  be  regulated  by  altering  the  distance  between  the  balls,  or  that  be- 
tween the  sliding  weight  g,  and  its  fulcrum  within  the  glol)e,  e. 

147.  There  is  a  most  interesting  analogy  between  the  descent  of  the  ball 
by  and  that  of  the  cloud  of  an  incipient  tornado.  If  some  pith  balls  be  sup- 
ported in  a  shallow  cup,  upon  the  ball  a,  they  will  be  seen  to  ascend  towards 

E 
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[ho  Itttil,  b,  when  desccndipg  in  obwlicnco  to  electrical 

case  of  meteors  of  the  kind  atuvemcnlioncd,  vnler  Bad  oiber  MH 

bodies  may  be  seen  lo  riao  up  toward  the  descending  clonJ. 

EFFECTS  OP  ELECTKICITT. 

148.  The  separation  or  approximation  of  electrified  I 
dies,  the  extrication  of  hght  and  heat,  and  the  f^hock  ip 
to  the  animal  frame,  having  been  all,  more  or  less,  sd^ 
of  discussion,  or  adduced  as  the  means  of  cxperima 
illustration,  it  may  now  be  proper  to  display  a  greatff 
riety  of  electrical  phenomena,  and  such  as  being  ■ 
complicated  require  undivided  attention  on  the  part 
those  who  would  comprehend  them. 

Of  Ekcirical  Attraction.— Of  Electrical  Light. — Of  h 
trical  Ignition. — Of  the  Eiedrical  Shock. — -Of  Miiigd 
the  Eficts  of  Electricity. 

Of  Electrical  Attraction. 
149-  Under  this  head  are  placed  both  the  sepaiu 
and  approximation  of  light  bodies,  when  electrified;  a 
the    former,  though    commonly  ascribed    to  repulsoK 
really,  as  I  conceive,  the  effect  of  attraction, 

Rermlution  of  a  Sun,  Planet  and  Satellite. 


Fig.  I. 


150.  A  htillow  Iirass  g)oH 


&  fHG 


■ndf:['A   [ 


:    i;.-. 


side  by  running  i 
of  molten  lead,  sufficient  to  ccc 
about  one-third  of  the  cavitT. 
these  means,  when  supponcd  o 
pivot,  it  ]>r(,-serves  a  proper  poNi 
although  on  the  other  side  not 
nislicd  with  lead,  it  is  made  lo : 
]tort  an  arm  and  iwo  balb; 
larger,  representing  a  plamt, 
other  smaller,  representing  ia  s 
These  arc  carried    upoo 


diffen 


ends   of    . 


through  their  axis,  and  taUa 
upon  the  jwint  of  ihe  arm,  so  i 
ihe  balls  may  couuterpoi:^  e 
oilier.  From  the  larger  arm,  ■ 
from  the  smaller  ball,  pobts  P, 
project,  as  represented  in  Fip-  -■ 
Kg.  •-.. 
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>1.  When  the  sliding  rod  of  the  conductor,  R,  is  brought  sufficiently 
to  the  central  globe  of  this  appeuratus,  the  machine  being  in  operation, 
3  ensues  a  complicated  revolution.  The  planet  and  its  satellite,  attached 
e  arm  B,  are  balanced  upon  a  pivot,  formed  of  the  recurved  and  pointed 
lination  of  the  larger  arm.  A;  meanwhile  the  pivot  revolving  as  the 
S,  turns  upon  its  axis,  carries  the  planet  and  satellite  in  their  orbit, 
Q  they  revolve  about  the  pivot  as  their  common  centre  of  gravity. 
>2.  According  to  the  Franklinian  theory,  the  above  described  rotatory 
ons  result  from  the  attraction  of  the  surrounding  medium,*  operating 
essively  at  every  part  of  the  orbit,  to  separate  the  electrified  air  from 
nctallic  points  by  which  it  is  electrified. 

>3.  It  must  be  admitted  that  as  these  rotatory  motions  may  be  produced, 
her  the  excitement  be  negative  or  positive,  the  rationale  is  more  diffi- 
of  conception  upon  the  theory  of  one  fluid  than  upon  that  of  two.  It 
;cessary,  agreeably  to  the  Franklinian  doctrine,  to  ascribe  all  cases  in 
h  electrified  masses  separate  from  each  other,  to  attraction  between 
1  and  the  matter  of  the  adjoining  medium.  This  process  becomes  ex- 
ely  difficult  to  follow  in  the  **  mmd's  eye,"  when  the  masses  thus  sepa- 
1  are  undergoing  a  rapid  change  of  position. 

»4.  The  explanation,  supposing  two  fluids  to  exist,  is  simply  that  bodies 
orly  excited  repel  each  other ;  and  consequently  that  repiulsioa  arises 
9en  the  points  and  the  air  which  they  electrify,  whether  the  exdte- 
be  vitreous  or  resinous. 

EUUrieal  Tree, 

155.  I  belisvs  Unl  an  a^ptratos 
resembUng  that  of  whieh  this  fig^ 
is  an  engnnnf ,  is  oaatd  ui  Pudi*s 
catalogue,  "Ame  Eleetriqna,"  a 
name  which  I  bars  used  tor  want 
of  a  better. 

156.  It  ooosists  of  Mvwml  sets  of 
branches  formed  of  wire.  Eaeh  set 
is  associated  by  a  common  hoUow 
brass  cone,  into  the  apex  of  which 
a  recurred  wire,  forming  a  princi- 
pal branch  of  the  electrical  tree,  is 
so  introduced  as  to  form  a  support 
and  a  pivot,  upon  which  the  cone 
and  its  branches  may  rotate.  Each 
rotatory  branch  is  recurved,  and 
terminates  in  a  point;  the  points 
in  each  set  projecting  in  the  same 
direction,  so  as  to  co-operate  in 
producing  a  circular  motion. 

157.  Tne  branches  are  put  into 
operation  by  communicating  with 
the  machine,  as  usual,  by  the  rod 
R.  The  excitement  thus  received 
cannot  pass  off  by  the  trunk  C, 
which  is  of  glass,  cemented  into  an 
upright  brass  rod  above,  and  the 
pedestal  P,  below.  It  can  hardly 
be  necessary  to  add,  that  the  ra> 

e  of  the  rapid  rotation  of  each  set  of  the  branches  is  analogous  to  that  of  the 
ding  ezpenment.  In  consequence  of  their  being  similarly  surcharged  with 
icity,  or  similariy  deficient,  the  adjoining  neutral  medium  attracts  the  air  and 
mncbes  apart  with  energy,  and  thus  causes  them  to  recede  from  each  other  as 
IS  they  come  into jprozimitj. 

.  To  render  the  Franklinian  rationale  more  intelligible,  as  snpUed  to  this  ex. 
and  that  of  the  aiinatnre  sun,  earth,  and  moon,  it  may  be  uUmitsU,  that 
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llio  oseileinent  or  Ibe 

MQtril  ball,  &Dil  of  coi 
fuied  through  the  points 
(fig.  a,)  and  the  oir  elpct! 
Bciiint,  must  be  Bttncled 


r&!>.  Tbia  BK^ri 


:» 


ElKtnqu*."  (■■•cirkal  hd)  A 
anoUier  iUimmUmi  <rf-|lM«nMI 
wbicb  ma;  b«  pw<BBi<  1*  ^^ 
diei  bj  elactricsl  -"Tt-f-r  1 1 
tallic  rod  aapparti  ww  M  ari 
the  bell  ^lua,  mmoUim  •MmL  a 
to  be  ID  conlKct  wOk  ■!■  ^ 
uothei  rod,  R,  |-  iifcl  Aw  I 
conducldr  oF  Uia  iMjgm  alKaWl 
chin*  in  operatioa.  IWInal 
being  by  thn.  maaM  JiiMlMh^ 
Irilied,  altraela  Hwia  ^ItoMI 
irhieh  be  upaa  Um  MtnUMl 
vliich  ihe  bell  b  lilwaM.  MM 
ahould  ctminiawett^lh  ttm 
ion«  nf  lbs  n  " 

pith  balls  eaa,^ 

aleotrificd  t™Il, .-nam^  m^ 

excited.  arn«aUy  to  Uw  nanril 
the;  imvde  rran  oach  nifar.MJ 
atlncted  by  thm  ofi^iHiielj  ^Ml 
diih.    Rnuiriw  iJm  <tek  Iki  m 
the  Mine  elBclneal  Mala  mm! 
■nd  of  eoune  are  Itible  L»  ^  UCi 
edagain.     Meann  > 
vindergoingtl... -. 
'"g    »'""   com-  ^  - 
u'liich  cfaaracienifs  th»  f»L'  *  li 

OF  ELECTRICAL  LIGHT. 
Experimental  Ittuttration  of  ike  efflux  and  afflux  of  the  Elrdrie  Fl' 
during  ike  charging  and  discharging  of  ciyatcd  surface*,  a*  imdrf 
evident  by  mean*  of  discontinuous  coatingi  of  Melallic  Filing*. 

160.  Thecharguttu 
discharging  of  a  com 
pane  has  already  b" 
illuslraied  and  eitiaav 
The  process  is,  Jtoww 
rendered  mudi  noff  u 
terpsting,  wbm,  aM 
of  a  ooDtinmis  man 
of  foil,  a  covering  of  in 
lallic  filings  iaappliai.< 
as  lo  leave  a  mullintdr  < 
minute  interval*  b«w< 
Ibe  panicles  of  ibe  ii»o 
II  is  only 
have  the  e 
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rering  od  one  of  the  surfaces;  (he  other  maj'  be  coated  with  tin  foil  as 
uil. 

161.  The  lia  foil  coating  should,  by  meaos  of  a  strip  of  the  same  sub- 
noe*  communicate  with  the  ring  attached  to  the  wooden  frame  in  which 
I  pane  Is  secured.  Let  the  pane,  thus  prepared,  be  suspended  by  the 
flf  as  represented  in  the  engraving,  from  a  rod  affixed  to  the  conductor 
a  powerful  electrical  machine  in  operation.  As  represented  in  the  tigure, 
K  discharger  be  so  held,  in  contact  with  the  surface  coated  with  filings, 
to  carry  off  electricity  from  it,  allowing  the  other  surface  of  the  pane  to 
'proportionably  surcharged.     In  the  next  place,  let  the  discharger  be  so 


latcti,  as  lu  coiiiplflo   the 


it  bciwopu  ilu;  surfaces,  allowing  the  sur- 
charge in  the  one  to  rush  to 
the  other.  By  these  means 
the  efflux  and  afflux  of  the 
electric  matter  will  be  in- 
dicated by  coruscations  of 
electric  light  with  an  inde- 
scribable splendour,  which 
will  appear  so  long  as  the 
surface  coated  with  tin  foil 
remains  in  commuuicatioii 
with  a  machine  sufiictently 
active,  and  the  situations  of 
the  discha^r  are  alternated 
as  above  d^ribed. 

IflS.  Aoklogoiis  Tfliolt*  may 
bn  obtuned  by  mvuii  of  ■  ju 
repriiicnteil  b;  the  prBCBdiDf 
hich  baa  a  hook  whBrswilh  to 
it;  or  itill  mora  ulTiDtageouilv 
_.  ...lof  a  lugo  carboy, HiTored  with 

approptiata  uoalnm  withio,  and  od 

the  outaide  furnlahed  with  a  diaoonlino- 
oua  coating  of  tilinfi. 

1G3.  If  Uie  diKharjer  aniploTed  in  thi« 

sxperiment  have  a  g-ju*  handle,  ailher 

the  metallic  locket,    S,  into  wbicfa  tbs 

handle  it  cemented,  moat  be  touched  by 

one  of  the  Gn^ra,  or  a  wire  moat  he  at. 

*    d  to  it,   makin|r   a   commanication 

the  nenllve  conductor,  directly  or 

sclly.    OthBrwia«,lbeeitemal  coat. 

«ia2  inaulated,  electricity  coald  not 

,«  from  it,  and  of  course  the  inner 

iriace  conid  not  be  charged  u  already 

demonalrated, 

164.   The  adjoining  cut  tCPreienU  a 

pacitj,  coaled  internally  by  meant  of 
the  amilgun  oiiully  employed  far  the 
purpofe;  extemalt;  by  brace  filings,  ai 
in  the  caaea  of  the  pane  aad  phial  above 
deecribed.  It  ia  lilulted  under  the  pro- 
jecting ball  of  the  prime  conductor,  ao 
thai  the  knob  at  the  top  of  the  rod,  pro. 
ceeding  Ihtouib  a  cork  from  the  internal 
coating,  may  be  in  contact  with  the  did. 
ing  rod,  R,  of  that  conductor.  The  wire, 
W,  ia  anpported  on  a  pedeetal  in  contact 
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with  ti>B  eitinwl  cnLting  of  the  carbo;,  nnd  in  commnnleMiaii  «ift  4l 
condncloc  oriliB  machina.  Henne,  when  by  the  operatinn  of  the  nlm  m^ 
the  internal  aurface  of  tho  glMa  ii  botouiing  cliurgcd,  tbo  eaape  of  It*  ( 
from  the  Bitsnul  Burfiico  is  indjcstcd  by  ciiriucaliotu  of  ti^it,  ^ 
Bonnds,  le  10  Iho  preceding  eiperimcntg;  and  at  Ihn  iiutau  whM  Ibie 
quiro*  iinfficienl  intHositj  to  jump  thmngii  the  intarvK]  belwMB  tk*  k^ 
to  the  bill,  and  that  lupportod  by  the  wire,  at  K,  Uib  4atUt  -f—H< 
lernal  Burface  boioj  restored  it  once,  Ilia  conucatioiiB  aad  -t»-Ali«.  — - 
Bplendid,  *  ■       '^ 

Lnng  Zigsag  or  ErraAc  Sparh,  contraitted  tritk  tJu  Sk« 
Straight  Spark. 

165.  Tfac  object  oTthua^n 
rejiresent  the  dlfTofcnt  fcnM  ari 
orthe  electric  spark,  wluclmle  I 
twcen  a  largo  and  a  Braoll  bd, 
ingly  BS  they  are  made  iKgtfm 
tive.  Ttx;  li>Dg  and  zigzHi  > 
spark  A,  lakes  placo  bctwi>^i« 
attached  to  the  positive  [»te,  an 
one  associated  witb  Uk  ocga 
The  short  straight  spark  U,  ■  di 
der  circumstaoces  the  rcv«nn  ■ 
just  meDtJonod.  They  an  Rfira 
simuttancous,  but,  with  tbcsuMi 
and  can  of  course  ouly  be  obB 
succession. 

166.  In  no  resp«>ci  do  ibc  pfa 
of  mechanical  elect riciiy  appear  I 
vourable  to  the  Franklinian  thn 
more  inexplicable  accordii^  lo  ll»< 
of  [wo  fluids,  than  in  the  dit-etsh 
elpclrical  sjiark  in  passing  hetwea 
nad  a  large  metallic  ball,  accordn 
manner  in  which  the  balls  brm 
with  the  positive  or  motive  pola 
machine.  When  ibc  small  bafli** 
to  the  positive  pole,    the  spar*  i 

^  roparalivoly  narrow,  and  of  ■ 
^  shape,  such  as  ligblaing  is  olten 
/  assume:  hut  when  the  eiitnbcn 
■  -s  is  revers'vl.  ihr-  spirk  ,-  .■-_, 
lliicX,  nol  oni:-lhirJ  as  ioog,  arm  i 
of  a  zigzni;  shape  can  be  observed 
167.  According  to  the  Frankiininii  liicory,  when  any  bodv  t^ 
highly  charged  with  electricity  than  the  adjoining  bodies,  the  exixss 
fluid  ia  attracted  by  them,  while  it  is  inadequately  repelled  b(  the  ii 
quantity  of  (he  electric  fluid,  with  which  ihoy  arc  imbued.  It  folitu 
when  a  small  globe  is  made  positive  in  the  neiniilyjurhood  of  a  br- 
the  excess  of  clcciric  matter  in  the  former  is  aiiraclwl  by  all  ibc  ae-~ 
excited  metal  in  the  lailer.  When  the  small  j;lobe  is  made  neirsiii 
melal  of  which  it  consists  attracts  all  the  electric  matter  in  tlw  laVc* 
Hence  there  is  this  difference  in  the  two  cases;  tho  snwil  globe  beint 
live,  a  comparatively  small  moccahk  mau  of  electric  matter  is  atij 
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r-  WL  large  immoveable  mass  of  metal :  the  small  globe  being  made  nega- 
m^  a  large  moveable  mass  of  electric  matter  is  attracted  by  a  small  im- 
9V6able  mass  of  metal.  The  charge  being  in  both  cases  the  efiect  of  the 
wot  machine,  the  attractive  power  must  be  as  great  in  one  case  as  in  the 
ber*  The  forces  by  which  the  masses  are  actuated  being  therefore  equal, 
m  quite  reasonable  that  the  greatest  projectile  power  should  be  attained, 
ben  the  small  mass  is  moveable.  In  that  case,  it  will  require  less  air  to 
I  removed  in  order  to  eflect  a  passage. 

168.  There  is  an  analogy  between  the  diflerence  which  1  suppose  to 
dat  in  the  case  under  consideration,  and  that  which  may  be  observed  be- 
reea  the  penetrating  power  of  a  rod  which  is  blunt,  and  one  which  is 
Hnled. 

IM.  It  remains  to  be  shown  why  a  large  mass  of  electric  matter  will 
»  discharged  in  a  spark  when  there  is  sufficient  proximity  ;  although  that 
•etric  matter  be  situated  in  the  large  globe,  aiul  attracted  by  the  other, 
ader  circumstances  in  which,  as  above  stated,  it  would  not  pass  without 
iBt  proximity. 

170«  It  must  be  evident  that  attraction  increases  as  the  distance  between 
m  bodies  which  exercise  it  lessens*  Of  course  the  attraction  of  the  small 
iobe  must  always  act  more  powerfully  on  those  portions  of  the  electric 
■id,  which  occupy  the  nearest  parts  of  the  positively  excited  globe.  But 
as  diBference  of  distance,  and  consequent  diversity  of  attraction,  increases 
•  the  globes  are  approximated.  Thus  that  portion  of  the  electric  fluid 
'hieh  sustains  this  pre-eminent  attraction,  will  be  accumulated  into  a 
XKMmI  ;  the  acuteness  of  which,  and  attraction  causing  the  acuteness,  in- 
reasing  with  the  proximity,  there  will  at  last  be  sufficient  projectile  and 
soetrative  power  to  break  through  the  air,  and  thus  open  a  passage  for 
iB  whole  of  the  quantity  attracted  by  the  small  negatively  excited  globe. 

171.  When,  by  the  process  last  described,  the  fluid  is  made  to  leap 
ixtxigfa  a  comparatively  small  interval,  by  the  concentrated  attraction  ex- 
Eciaed  by  a  small  negative  ball  upon  the  expanded  surface  of  electric  mat- 
m  difiused  through  a  large  globe ;  the  air  does  not  become  sufficiently  con- 
to  resist  it  before  it  reaches  its  destination,  and,  of  course,  it  cannot 

the  erratic  form  which  would  arise  from  repeated  changes  in  its 
as  in  the  instance  of  the  long  spark. 

172.  Faraday  conceives  that  his  late  researches  warrant  the  inference 
mU  the  diversity  between  the  positive  and  the  negative  spark,  is  afllected 
y  the  nature  of  the  gas  in  which  the  experiment  is  made;  and  he  infers 
bat  the  difference  is  due  to  the  influence  of  the  gaseous  substance  interposed, 
t  does  not  appear  to  me  that  ho  has  sufficiently  considered  the  fact,  that 
be  dlflerences  between  the  sparks  in  the  experiments  above  represented  and 
bscribed,  (e.  165,  &c.)  is  the  effect  simply  of  the  relative  position  and  dimen- 
ions  of  the  balls  between  which  they  pass.  That  it  is  not  dependent  on 
be  nature  of  lh<^  electricity  must  be  evident  from  the  circumstance,  that 
loth  the  long  and  the  short  s[>ark  were  produced  by  the  positive  excitement 
n  the  experiments  adduced  by  me.  (165,  &c.) 
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Eleclricat  Brutk. 


173.  Whun  the  machine  is  in  aciif«  opendok.  ■ 
prime  conductor  jnsuloied,  ihe  elpctridiy  •ill  bn 
from  a  small  knob  atlachcd  to  it,  so  ns  In  il*ai 
tant  light  to  exhibit  the  furm  ol'  a  lumutixu  hn4 
I  presoQted  at  B.  io  the  itdjoining  figunv.  Fur  tiBf 
lion  i){  thia  phenomenon,  it  is  necessary  thai  (b4 
fluid  till  all  be  condensed  into  a  small  prominotf  ■ 
as,  agreeably  to  (he  preceding  explanation,  to  ImM 
pent'lraling  power.  This  it  cannot  [kmscss,  whm,  < 
same  intensity  in  the  generating  power,  a  hryf 
positively  electrified.  In  that  case,  ll»e  electric  < 
presents  a  front  too  broad  to  procure  a  jinaanpe  tloM 
surrounding  non-condiicling  air.  A  small  ball,  sq 
electrified,  can  only  be  productive  of  a  diffuEC  ailraclioD  for  ihede 
ID  tlie  almoBphcnc  medium  around  it ;  so  that  it  has  less  abibiT  k 
any  penetrating  power,  than  when  acting  upon  ihe  eledricilr  ■  : 
paratively  large  globular  conductor,  as  in  the  preceding  illuatrBtiai. 
when  llie  knob  is  on  the  negative  pole,  it  may  be  productive  of  a  !• 
appearance  in  its  immediate  vicinity,  where  the  electric  mnUcr,  rm 
from  the  adjoining  space,  becomes  suliicienily  inlensn  to  be  pradi 
light;  but  it  does  not  produce  the  striking  appearance  orfholuintiMa 
174.  As,  agreeably  to  Du  Fay's  theory,  the  knob,  wlw^ber  viUM 
roainously  electrified,  is  surcharged  with  an  electric  flutd,  itv  f 
power  ought  to  be  as  great  in  the  one  case  as  in  the  other;  wait 
spark  and  the  brash  should  be  producible  in  cither  casc- 

176.  It  hoa  been  mentioned  that  Faraday  has  of  late  eodc«Toai«d  I 
that  the  dlflerence  between  the  forms  of  the  positive  ond  n^aiit«l| 
greater  or  less,  according  to  the  gas  through  which  thejr  may  bo  n^ 
place,  Ananalogouschangeisnisonllepedhyhimto  br  produ«-ii«i 
tive  and  negative  brushes,  which  an:  allo^Tcd  lo  vorv  in  ihcir  colour.in 
tivedimensions,  with  the  nature  of  the  gns  within  which  thcymavbe* 

On  some  Inferences  from  Ihe  Pttcnomrna  of  the  Ehrtrir  Spark,  ev 
in  a  recent  Work  on  Ilial  anil  Elcririciti/. 

176.  In  his  valuable  work  on  hcnt  luid  cl't-triciiy.  Dr.  Thomso 
thai  if  a  long  spark  be  taken  between  !ivo  knobs,  as  when  sctei 
tached  to  the  positive  and  ncgritive  conductiirs  fif  ihr  electrical  ™ 
the  portion  of  the  spark  near  the  positive  knub  exhibits  all  the  ch( 
of  positive  electricity,  while  the  remaining  portion,  proceeding  Ir 
other  knob,  displays  all  the  characters  of  n<i;alivo  elcciricit).^  A. 
the  learned  and  ingenious  author  docs  not  stale  what  diflerences  ifi 
between  the  diflerent  portions  of  the  spark,  and  Hhcrefore,  if  ani.cj 
can,  without  a  pctitio  principii,  assume  ih-il  they  are  such  ns  lo  iu» 
conclusion,  he  proceeds  lo  allege  that  there  can  be  no  doubt  thai 
spark  consists  of  two  electricities;  which,  issuing  scvcrnlly  from  i 
spcctive  knobs,  Icrminnie  their  career  by  unitinc  at  the  ncin-lunurn' 
tion  of  the  spark,  which  is  at  a  distance  from  the  ni-gaiive  knob  a 
one-third  of  the  interval,  I'pon  these  grounds  he  infers  that  the  | 
cleclricily  occupies  two-thirds  of  the  length  of  llie  spark,  the  oegau 
third. 

177.  I  presume,  agreeably  to  the  theory  which  supposes  the  e»js> 
two  fluids,  that,  when  the  c<iuilibrium  between  oppositely  excited  wi 


BLBCTRICITY.  41 

Bolored  by  a  discharge,  whether  in  the  form  of  a  spark  or  otherwise,  there 
mat  be , two  jets  or  currents  passing  each  other;  the  one  conveying  as 
Ittch  of  the  resinous  as  the  other  does  of  the  vitreous  electricity.  Of 
CNine  no  part  of  a  spark  can  be  more  negative  than  it  is  positive,  nor  more 
oaitive  than  it  is  negative.  Upon  this  ground,  a  suggestion  of  the  same 
nthor  that  the  diminution  of  light  near  the  middle  of  the  spark  results  from 
he  combination  of  the  different  fluids  at  this  point,  appears  to  me  objection- 
Jble ;  since  there  is  as  little  ground  for  supposing  the  union  of  the  fluids  to 
ike  place  there  as  elsewhere.  But  admitting  that  the  union  does  take 
ilaoe  as  supposed,  is  this  a  reason  for  the  observed  diminution  of  light?  If, 
rbeo  isolated,  either  fluid  is  capable  of  emitting  a  brilliant  light,  should 
loC  Cbetr  co-operation  increase  the  eflect  ? 

178.  In  deflagrating,  by  voltaic  electricity,  a  wire  of  uniform  thickness, 
M^oally  refrigerated,  the  most  intense  evolution  of  heat  and  light  is  always 
nidway. 

1 79.  In  truth,  the  theory  which  the  learned  author  sanctions,  requires 
iWO  postulates  so  irreconcilable,  that  unless  one  be  kept  out  of  view,  the 
ither  cannot  be  sustained.  It  requires  that  the  fluids  should  exercise  an 
Dtenae  reci|Hrocal  attraction  adequate  to  produce  chemical  affinity,  and  of 
XNirae,  enter  into  combination  when  they  meet,  and  yet  rush  by  each  other 
vilh  inoooceivable  velocity,  not  only  through  the  air,  but  also  through  the 
MiCricted  channel  aflforded  by  a  ^mall  wire.  If  the  fluids  combine  at  a 
mint  intervening  between  the  surfaces  from  which  they  proceed,  what  be* 
9oam  of  the  compound  which  they  form?  Is  it  credible  that  such  a  com- 
KMmd  would  aflford  no  indication  of  its  existence?  But,  again,  bow  are 
wo  surfaces,  the  one  previously  deprived  of  a  large  portion  of  the  negatiye 
ileclricity  naturally  due  to  it,  the  other  made  as  deficient  of  the  positive 
laid,  to  regain  their  natural  state?  By  a  combination  midway,  the  resinous 
md  Yitreous  surcharges  might  be  disposed  of,  but  whence  could  the  vitreous 
ind  resinous  deficiencies  be  supplied  ? 

180.  Dr.  Thomson,  in  common  with  the  great  majority  of  nrKxiem  cbe- 
iiists,  ascribes  chemical  aflinity  to  the  attraction  between  the  two  electrici- 
ies  combined  with  ponderable  particles.  As  the  combinations  between  such 
jMirticles  take  place  only  in  definite  proportions,  would  it  not  be  consistent 
iiat  the  fluids  which  give  rise  to  them  should  combine  agreeably  to  those 
aws?  But  if  the  electrical  compound,  formed  of  the  vitreous  and  resinous 
dcxstricities,  be  decomposable  by  induction,  as  the  theory  in  question  re- 
|uires,  its  constituents  must  be  capable  of  uniting  in  every  proportion. 

181.  Agreeably  to  the  late  investigations  of  the  celebrated  Faraday,  equal 
loantities  of  the  electric  fluid  are  evolved,  by  analogous  chemical  changes, 
nrom  equivalent  weights  of  different  ponderable  bodies.  It  may,  therefore, 
be  inferred,  that  in  entering  into  combination,  the  electric  fluid  is  obedient  to 
those  laws  of  definite  proportion  which  regulate  other  substances. 

Illuminated  Globe,  Panef  and  Tube. 

182.  Little  disks  of  tin  foil  are  so  puted  in  succession  on  a  glass  globe,  pu>0)  or 
tube,  as  to  leave  only  a  minute  interval  between  them.  In  consequence  of  this  ar- 
rangvment,  when  situated  in  the  circuit  between  the  poles  of  an  electrical  machine, 
the  electric  fluid,  availing  itself  of  the  conducting  power  of  the  metal,  and  leaping 
OT«r  each  interval,  produces  as  many  sparks  as  there  are  intervals.  At  the  same 
tiliM,  if  these  intervals  fall  within  the  lines  of  any  drawing,  the  image  representing 
tfi0  dnwing  will  appear  at  each  flash ;  and  when,  as  in  using  a  large  machine,  the 

'        i  mcessant,  the  effect  upon  the  eye  is  nearly  as  permanent  as  if  the 


flaabes  are  almost 

illomiiiated  spaces  were  inherently  luminous. 

r 
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IBS.  In  (ho  case  of  Uie  globe  anJ  lube,  repreiented  by  fipiraa  1  *ai  %i 
are  aj-RUiead  in  Bpiiuls,  winding  about  the  globe  or  tube  fimii  oDo  Bp«i  «>■ 
olber.  llonevet  intricate  tiia  route  whicb  ingenuity  nuy.  by  dmuib  <f  Al 
Tail,  prescribe,  it  will  be  pursned  by  tlie  fiuid  with  iiJelily,  wtwa  the  air  wi 
dry.  Yet  tlio  aum  of  tlie  iolerviilg  luust  not  exceed  Uie  nlu^  Mnkinf  t 
the  nuehino,  ot  in  other  wurda,  the  greatoul  length  of  ila  (psrk. 

184.  Thii  itluilntion  may  he  varied  b;  meana  of  appantm,  oT  wUch  « 
and  deecriplioiu  will  be  found  in  th'C  lii-o  following  urticlea. 

lUumiiuiitd  Cotumna. 


BLBCTRICTTT* 

S.  A  nrinl  of  win,  teimiiutiiig  ii 
m  chuged,  it  TeTalvea  ftum  the  bra»  knob 
nat  of  Uie  next,  uid  thai  raccauirelj  con 
ihe  machine . 


h  the  apBikt  imputsd  to 


Carrtta  EiititdaMa. — Sparkimg  PmuM. 
tion  il  given  in  Piiit'i  Cttklogne  lo  the  eppuatai  dncribtd  ill 


foot  of  the  inatrument,  which  ihouldcc 
le,  direetlj  or  indirectly. 


187.  This  Egnn  rtipreeent* 
*  p«t>e,  in  which  the  diiconti- 
nnitiei  in  the  tin  foil  atUched, 
w  eipIuDsd,  {■.  182j)  baing 
made  to  occar  along;  the  linei 
of  B  drawing,  an  image  ii  Men 
ai  often  as  the  electric  ipark 
paMM.  The  frame,  A,  havinc 
two  glan  columni  lurmounted 
by  metallic  dupe  for  lecuring 
t£*  pane,  \»  conlrired  to  ac- 
oommodale  a  laccenion  of 
|Mlie«,  all  of  one  lize  exactly, 
on  which  diffiiniDt  imagei  are 
delinealed,  and  which  may  bo 
ahowD  in  ■acceuioD.  In  ope- 
rating, the  upper  t»ll,  B,  ii 
ailoaled  m  aa  lo  be  in  contact 
with  the  eliding  rod,  R,  of 
the  prima  conductor.  At  thia 
point,  the  flaid  entera,  and 
cooning  horiionlally,  fint  to- 
w«Tdi  one  aide,  and  then  to- 
ward! the  other,  it  tfnallj 
eaoapei  at  the  other  ball  into 
te  with  the  cuahiona  of  the  rot> 


iUwKUUlfd  Eggt. 

168.  Between  three  glaM  colnmna  a  pito 
of  egga  ii  (upported  in  nmtaal  contaet. 
They  are  alH  in  contact  at  top  and  at  bot- 
tom with  apiral  wire* ;  in  the  one  caae  ooi»- 
municating  with  a  chain,  in  the  other,  with 
a  brua  knob  which  aurmoanti  the  cui  in 
which  the  colnmni  terminate,  and  by  which 
they  are  lecured.  The  egge  thai  ritoatad 
may  be  taken  into  the  circait  between  tha 
conductor!  of  the  machine,  or  the  eoKtinsa 
of  a  batteiT,  and  tbui  be  illuminated  by  lEa 
paaaage  of  the  electric  fluid.    The  eiperi- 


0  the  fa 


powerful  machine  is  employed,  a 
u  in  that  cue  durable;  acarceiv  any  in- 
lermiauon  taking  place  in  the  Qaehee,  The 
content!  of  the  esgi  appear  to  bo  eipoeed 
to  the  eye,  U  if  diveited  of  their  ihelly  co. 


IMPONDERABLE  SUBSTANCES. 

Etectr'u  Ugkt  in  I 'atiui.— ^urnrii 


189.  Thn  appesntDcei  of  Ule  electric  Said,  when  in  Ihe  act  of  pa 
'  ■    '  '      ■       '    "  naelj  eiciled;   or  during  ila  efflat. 


chirgiaff  and  discharging  of  coitcd  ■.urrncna,  hu  been  •ufficiently  iDaritato 
Ac )  When  an  elcclriuil  dinshargG  takei  place  within  a  cavilr,  A*^  i 
an  hiB  heca  eiliausled  b;  SD  Dir-puinp,  the  larm  assumed  is  mudt  n 


—  ~ _ncy  of  the  light  ia  jirapaiiiiinably  iliminiihed.      Moreovar,  lk 

Ihrougb  which  the  discharge  can  take  plice,  ia  prodigiDaaly  freaUr.  It  k  I 
of  an  appuatna  which  the  adjoining  figure  rcprenenti,  thai  I  am  aecM 
exhibit  tfae  pasMgo  of  cloclricily  thronirli  iin  I'lh^nuirrl  receivet.     Afl« 

pawes  through  Ihe  cap,  as  lepresentcd  in  Ihe  figure,  in  order  to  have  tlie  * 
tifut  coruKstions,  reaemhling  in  mininturn  those  of  the  aurora  barealia 
confident  that  this  meteor  ia  the  eflect  of  eleclrjcal  dischargiiB,  aa  thai 
ariaea  from  that  cause.  I  conceive  tlial  such  discharges  taJie  place  not  oal; 
of  the  terrestrial  polsa,  rendered  electric  by  froal,  into  the  rare  medium  ci 
only  a  few  milea  above  Ihe  earth's  surface,  (1^,')  but  also  from  oDS  pai 
tare  medium  to  another.  1  will  venture  even  upon  the  bold  suggertioo,  tb 
diachargea  may  take  piece  not  only  from  one  planet  to  another,  bat  evM 
sun,  or  solar  system,  to  another.  Since  it  has  been  shown  by  Wbeatttoae 
velocity  with  which  electricity  can  bo  transmilted  through  a  perfKI  cow 
not  leu  than  thai  with  which  light  ia  projocted  from  the  sun,  wherefore abc 
nnreuoDibte  to  conjecture  that  Ihe  former,  in  order  to  preserve  iu  eq< 
should  pass  through  diatancca  commensurate  with  those  through  which  cbi 

190.  I  think  it  highly  probable  tliat  Ihe  shooting  stars  of  November  13 
were  caused  by  the  afflui  of  an  immonae  quantity  of  electricity  to  our  plsi 
Bome  other  planet,  or  from  some  remote  part  ol'apace. 

191.  It  may  be  asid  that  Ihe  passage  of  light  is  now  generallj  ascribe 
undulatioBB  of  an  intervening  ether.  I  would  in  the  first  place  olwrTE 
remains  to  be  shown  that  a  diacliargo  of  elcctricilv  is  not  due  to  in  mmii  mn 
lion  of  an  intervening  imponderable  fluid. 1     Bcaides,   if  the   passa^  of  b 

lew  edition  of  the  Compeodiiua, 
eatiae,  the  laller  will  be  precede 
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larticlM,  trota  the  moat  remota  of  llw  fuibla  atan,  wia  not  deemed  an  objec 
he  NewtoDian  theory  of  tight,  wherefore  ahoald  there  be  any  difficulty  in 
g  a  tranifer  of  electric  matter  lobe  prodactireof  ananrora  or  ■b<M>tiiig  alar? 
t  ippean  to  me  that  the  ordinary  luminoui  appearancai  which  we  call  fall- 
I,  may  be  the  eSsct  of  electrical  diacharg;ea  Dpoo  out  planet,  which  become 
■  they  enter  the  terreitrial  atntoaphere. 

Of  EUetrieal  Ignition. 
Igmti«»  of  Ccttmt  ^  ike  EUetrU  ^ark. 

193.  Let  OM  of  the  knoba  of  a 
diacbargai  be  nuroonded  bj  a  tuft 
of  carded  cotton,  eontaiiunf  aa 
much  Eoely  powdered  roua  aa  it 
wilt  retain;  and  while  the  other 
knob  toDchea  the  oalar  ooatiltg  of 
a  Leyden  jar  properly  charnd, 
let  the  cotton  be  approxtmaled  to 
the  knob  proceeding  from  the  in- 
ner coatinj;  of  the  Jar.  A  qpark 
will  paaa,   and  the  cotton  wiu  be 


194.  Thia  object  ia  conreniently 
eSbctad  by  meana  of  a  wine  glaai 
with  a  perforated  atem,  through 
which  a  wire  paaaea  from  a  diak  of 
metal  cemented  to  the  fixit.  The 
wire  ria«  abaot  two.lfairda  of  the 
height  of  the  glaaa,  tenninating  in 
a  knob.  Up  to  the  middle  or  the 
knob,  tbe  cavity  of  the  wine  bUm 
may  be  filled  with  plaatai  of  Faria, 
or  other  cement,  ao  aa  to  leaTB  only 
a  portion  of  the  knob  bare.  The  ether  ihoald  form  a  thin 
■tratum  not  entirely  covering  the  apex  of  tbe  knob. 

195.  In  conaequence  of  ita  readv  vaporixation  and  ad- 
mixture with  air  in  open  reaael*,  ether  ia  alwan  larronnd. 
ed  by  an  explotiTS  atmoaphen  which  ii  readily  inflaraad 
bv  the  paaiage  Ibrough  it  of  an  electric  apaik,  either  from 
the  conductor  of  a  machine,  or  fivm  a  Leyden  jar.  The 
remit  ia  rendered  more  interaatinr,  when  aecompliabMi  br 
a  diacharge  from  lurfacea  electriHed  by  meana  of  water 
(«,  10.) 

Jgnitim  of  HydrogBt  Httt  Oiygat, 


a  glaaa  tabe  cemenUd 
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ft  HpuV  from  an  excited  conducloi  nuij  Iki  nuda  to  ctobb  m.  ani 

boro  tj"  the  piece.    Heoce,  if  no  «Tp]iiuvc  gwoona  niiituT«  a 

nn,  or  Btmuaiiheric  lir  be  nude  to  occunj  iBa  cavity,  and  ha  ■ 

mlitute  will  eiplode  on  prewnting  the  linob,  K,  of  too  iiwuki 

Candurtor  of  the  nutchimi  wlion  in  uporatioa.     It  nisy  b«  fired  bj  tJMiifl,a 

Done  of  s  peTaon  siipporlod  upon  an  InauUlcd  chair  or  •tuol.  Mad  oaaiBMMM| 

th«  suae  limo,  with  the  prime  eonductor  ■ulfifiimtly  oxcited. 


0/  the  Electrical  Shocl: 

197.  This  elTcct  of  the  electrical  fluid   is  sul 
treated  of  in  illustrating  the  mode  of  electrifying  ■ 

Of  Mitigating  (lie  Effects  of  Elertriaty. 

198.  The  same  charge  of  electricity,  which  would  [• 
duce  a  shock  or  deflagrate  a  wire  if  received  ihra^i 
knob,  may  be  received  imperceptibly  thn>ugh  a  fine  pott 
The  power  of  an  electrical  machine,  or  thai  of  a^ 
battery  is  thus  easily  paralyzed.     Hence  the  eai^lajt^ 
of  pointed  rods  of  metal  as  a  protection  against  ugHM-l  ni 
Hence,  also,  it  is  necessary,  in  the  construction  oTdfrliii 
tjical  apparatus,  to  avoid  all  edges  or  acute  projcctiKi 
unlcsa  where  it  is  intended  to  facilitate  die  passage  of  tl 
fluid. 

190.  Rationale. — When  a  knob  is  approached  tOllB- 
cited  conductor,  as  soon  as  any  portion  of  it  ia  aeu  taa^  jl 
to  he  struck,  so  much  of  the  ball  is  at  hand  aa  lo 
the  whole  discharge  to  take  place  at  once;  but  wko  tbc 
apex  of  a  pointed  wire  is  near  enough  to  receive  a  poitt» 
of  the  fluid,  the  other  parts  are  too  remote  to  cooieiM 
action;  and  whether  the  jmint  advances  to  the  electriii' 
body,  or  the  body  approximates  the  point,  the  fluid  ijtfc 
charged  before  it  is  within  striking  distance  of  the  ducks 
part  of  the  wire. 

200.  In  fact,  the  difference  between  a  dischar^  lw» 
point,  and  through  a  knob,  resembles  that  which  ciirtjW 
tween  making  an  auger-hole  in  a  reservoir  lo  let  out  t 
fluid,  and  opening  a  floodgate. 

Of  the  proper  Mode  of  constructing  and  pulling  up  IJ^ 
ning  Hods. 

201.  The  competency  of  pointed  rods  lo  protect  ■ 
against  lightning  is  dependent,  not  mert^ly  on  the  entt 
lence  of  the  point,  which  should  be  of  platinum,  but  oo  (fe 
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de  in  which  the  joints  in  the  conductor  are  made,  and 
i  nature  of  the  soil  in  which  it  terminates.  If  a  wire, 
lilted  at  one  end,  be  blunt  at  the  other,  and  the  nearest 
iductor  to  the  blunt  end  be  not  pointed,  the  charge  will 
:  pass  off  gradually  because  received  at  a  point.  More- 
3r,  the  power  of  a  conductor  to  receive  the  electric  fluid 
[compounded  of  its  own  conducting  power,  and  that  of 
i  medium  in  which  it  terminates. 

202.  A  metalUc  rod,  terminating  in  a  glass  handle,  in 
Lsses  of  sulphur  or  resin,  or  in  dry  sand,  would  not 
erate  as  a  conductor.  It  cannot  receive  electricity,  be- 
iise  it  cannot  deliver  it. 

203.  Moist  earth  is  but  an  imperfect  conductor ;  since 
3wes  its  faculty  of  conducting  to  water,  which,  accord- 
r  to  Cavendish,  conducts  with  200,000  times  less  facility 
I.I1  iron. 

204.  Lightning  rods  should,  therefore,  be  connected,  by 
iderin^,  with  an  extensive  metallic  surface  buried  under 
^  earth ;  as,  for  instance,  with  sheets  of  lead  or  copper. 

205.  The  cases  in  which  conductors  have  been  found 
competent,  £[re,  I  am  satisfied,  referrible  to  their  inade- 
ELte  communication  with  the  earth. 

206.  Thus  is  an  important  lesson  given  with  respect  to 
5  means  of  protection  against  lightning.  In  vain  do  we 
rploy  for  this  purpose  a  conductor,  however  perfect,  if  it 
^e  communication  with  the  earth  only  through  a  limited 
dtact  with  the  soil,  which,  being  at  best  an  imperfect 
dductor,  may  become  an  electric  by  desiccation. 

207.  I  have  surmounted  the  lightning  rod  by  which  my 
insion  is  protected,  by  17  copper  wires  pointed  at  one 
ij  and  at  the  other  soldered  into  a  hole  drilled  in  the 
i,  which  is  constructed  of  iron.  The  juncture  is  sur- 
iinded  by  a  globe  of  zinc  of  about  two  inches  in  diame- 
*j  above  which  the  wires  extend  divergingly.  The  cop- 
r  wires,  by  their  association  with  zinc,  are  protected 
>in  oxidation  ;  while  their  greater  fusibility,  as  compared 
th  the  platinum  point  usually  employed,  is  compensated 

their  number.  The  rod  thus  mounted  rises  about  10 
3t  above  the  apex  of  the  roof,  to  the  copper  covering  of 
lich  its  lower  end  is  soldered.  The  copper  covering  has 
I  ample  metallic  connexion  with  the  pipe  for  carrying  off* 
e  rain,  and  this  pipe  with  those  of  the  public  water  works; 
1  the  joints  being  made  with  screws  or  solder*     By  these 
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meatis  a  most  ample  communication  with  theeflitl)H( 
tained.  Analogous  means  sliould  be  employed  iotiwa 
of  all  lightning  rods,  in  situations  where  accesB  caabefc 
to  a  similar  ramification  of  metallic  pipes. 

King^s  Improvement  in  the  conslruclion  of  LtghtmrfSm 
Expedient  suggested  by  the  Author. 

208.  Since  the  preceding  suggestions  were  mai)e,Ili 
become  acquainted  with  the  plan  of  putting  up  bgto 
rods,  pursued  by  King,  an  ingenious  practical  clcctac 
of  Boston.  Agreeably  to  this  plan,  in  lieu  of  round  ie 
square  copper  rods  are  employed,  the  corners  being  ■ 
ns  jagged  aa  possible,  by  cutting  them  with  a  cold  di 
so  as  to  cause  them  to  resemble  rude  irregular  sa»-«l 
By  these  means  it  was  conceived,  and  with  reafot  a 
think,  that  if  a  discharge  should  be  made  through  ther 
greater  than  it  could  convey  to  the  earth,  the  excess  •» 
be  dissipated  in  the  air,  in  preference  to  entering  a  ta 
in  order  to  find  a  conveyance  through  the  impcrfectc 
ductors  of  which  buildings  are  constructed. 

209.  This  ingenious  innovation  has  led  me  to  coi* 
plate  an  expedient  in  which  I  have  great  confidence- 
would  extend  the  rod  forming  the  conductor,  uiMkr 
ground,  to  a  tree  or  post,  at  the  distance  f>r  from  Ml 
one  hundred  feet,  and  cause  it  ilure  to  terminate  in  s  i>: 
of  copper,  of  which  the  edge  should  be  so  cut  as  tores* 
ble  large  saw-teeth.  These  should  be  bent  out  in  s 
manner  as  to  project  horizonlally  from  the  band,  «t 
distance  of  not  more  than  si\  inches  from  the  surfac 
the  ground.  It  will,  I  think,  strike  any  experienced  € 
trician,  that  by  means  of  such  a  serrated  band  of  cop 
as  I  have  described,  the  electric  fluid  would  be  dissipe 
into  the  air,  and  over  the  surface  <)f  the  ground.  v\\ 
facility  so  great,  as  to  prevent  it  from  leaving  (he  t 
doctor  for  any  other  channel  in  which  it  might  do  i 
chief.  The  portion  of  the  conductor  under  ground,  sbc 
consist  of  copper,  but  I  think  that  a  wire  of  i  inch  in 
ameter  would  be  sufficiently  large  for  that  portion. 

Experimental  lUiislrations, 

210.  Effect  of  a  point  shown  in  drawing  a  charge  fi 
a  battery  or  conductor: — proved,  also,  that  its  powei 
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leakened  or  destroyed  by  being  associated  with  an  elec- 
fic  or  imperfect  conductor. 

ADDITIONAL  M£ANS  OF  PRODUCING  ELECTRICITY. 

yfihe  Electrophorus. — Of  Electricity  evolved  by  the  Fric- 
tion of  Caoutchouc. — Of  Electricity  evolved  by  Pressure. 

Of  the  Electrophorus. 


211.  This  is  a  peculiar  instrument  for  the  excitation  of 
electricity,  which  we  owe  to  the  celebrated  Volta.  Elec- 
rical  induction  has  already  been  explained  (e.  107,  &£c.); 
ikewise  the  susceptibility  of  resinous  substances  to  be  elec- 
rified  negatively  by  friction  has  been  illustrated,  (e.  3, 33.) 
rhe  electrophorus  is  indebted  for  its  efficiency  to  the  co- 
operation of  the  effects  of  friction  with  the  inductive 
lower.  By  rubbing  the  cake  of  resin,  C,  with  the  fiir  side 
>f  a  dry  cat  skin  in  a  dry  atmosphere,  the  resin  is  nega- 
ively  electrified.  If  the  metallic  disk,  D,  be  placed  upon 
lie  resin  while  thus  excited,  it  will  acquire  a  greater  capa- 
city to  receive  electricity,  in  consequence  of  the  proximity 
>f  the  negatively  excited  surface  of  the  resin,  as  has 
ftlready  been  explained  in  the  instance  of  the  condensing 
electrometer,  (e.  127,  A:c.)  Hence,  if  placed  upon  the  resin 
irith  the  aid  of  the  glass  handle,  K,  on  applying  the 
knuckle  to  the  knob,  N,  a  spark  will  pass,  and  again  when 
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the  disk  is  lifted  about  an  inch  or  two  from  the 
other  spark  will  be  received ;  and  this  may  be  cootM 
in  a  dry  air  for  a  longer  lime  than  any  operator 
have  patience  to  repeat  the  operation.  In  drj-  wtite 
and  in  a  dry  apartment,  an  electrophonis  will  gi»c~"^ 
for  many  weeks,  without  being  again  excited  by  fi 
It  was  through  the  aid  of  this  property  of  his  t 
phoms,  that  Volta  was  enabled  to  contrive  an  appnM 
for  the  production  of  instantaneous  light,  of  wiiich  ft 
engraving  and  description  will  be  found  ia  the  Coaf* 
dium,  (337,  &c.) 

fy  Eledricily  evolved  by  the  Friction  rtf  Caoulchem. 

212.  Dr.  J.  K.  Mitchell  has  ascertained  that  in  the  ( 
face  of  a  bag  made  of  caoutchouc,  or  ihat  of  a  thin  A« 
of  the  same  material  stretched  on  a  frame,  there  ia  »  " 
prising  susceptibility  of  electric  excitement.     The  aB 
live  power,  consequent  to  the  excitation,  appeared  !<*■ 
peculiarly  powerful. 

Of  Electricity  evolved  Jy  Pressure-. 

213.  There  are  many  substances,  especially  gum  d 
or  caoutchouc,  which,  if  placed  upon  the  disk  of  an 
trometer,  and  pressed,  will,  on  llie  cessation  of  tbo  f«* 
sure,  evolve  enough  electricity  to  be  indicated  bj-  IbefoU 
leaf. 

Evolution  of  Electricity  from  Caoutchouc  by  Profitru 
214.  C,  cap  of  electrometer;  D,  hi 
die  of  metallic  disk,  between  whidi.* 
the  cap  of  the  single  leaf  elccUoartB, 
may  be  seen  a  piece  of  caoutchouc 
jected  to  pressure.    The  disk  being 
denly  removed,  the  leaf  will  strike  4» 
ball  as  when  otherwise  electrified. 

THEORETIC  EXPLANATION  OF  ELECTRICAL  PlIENOMEXi 

216.  U  mny  bn  proixr  to  give  the  ratioDale  of  the  prcduciitw.  unai^ 

lion,  and  neutralization  of  elwaricity,  Bgrwably  to  the  doclriiw  of  tw  iS«i 

216.  This  doctrine  has,  wlthio  the  Itul  thirty  years,  beea  guBBf  ' 
credit,  especially  on  the  continent  of  Europe. 

Of  the  Theory  of  (ico  Fluid*. 

217.  According  to  this  hypothesis,  when  n  body  is  clcctncallT  Mfifi' 
neutral  compound,  formed  of  twoeledfical  fluids,  i« 
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in  the  en  3d  body,  the  other  is  erolved.  That  which  aocuimilates 
Kgcitixi  glass  is  evolved  by  excited  resin;  and  vice  versa,  that  which 
nimilates  in  resin  is  evolved  by  glass.  Hence,  according  to  this  theory, 
two  electricities  are  always  prcduoed  both  by  resin  and  glass;  though 

fluids  accumulated  in  them  respectively,  being,  in  the  first  instance, 
MPBtely  recognised  and  associated  with  the  substances  in  which  they 
m  observed,  were  named  accordingly. 

118.  When,  as  in  an  electrical  machine,  a  portion  of  the  surface  of  a 
■8  cylinder  or  plate  is  nibbed  against  a  cushion,  it  gives  off  resinous  and 
eires  vitreous  electricity.  This  surcharge  of  the  vitreous  fluid  is  re- 
Bed  by  the  excited  sur^use,  until,  in  revolving,  it  comes  opposite  to  the 
lector,  (f.  21,28.)  The  change  of  capacity,  which  caused  the  ghiss  to 
Bt  the  resinous  and  attract  the  vitreous  fluid,  ceasing  with  the  frictioD  to 
ich  it  owes  its  existence,  an  equalization  of  the  electricities  between  the 
ifls  and  the  conductor,  through  the  collector,  ensues;  by  which  the  excite- 
snt  is  reduced,  more  or  less,  according  to  the  extent  of  the  respective 
riaces.  Returning  to  the  cushion,  the  glass  is  re-excited  to  the  same 
Kent  as  at  first ;  and,  by  a  continuation  of  the  process,  gradually  causes 

exchange  of  vitreous  for  resinous  electricity  between  the  conductors, 
(til  they  ire  electrified  as  oppositely  as  the  performance  of  the  machine 
ill  permit 

219.  Under  these  circumstances,  if  a  conducting  communication  be  made 
tween  the  oppositely  excited  bodies,  the  electricities  rush  together,  neutral- 
r  ensues,  and  a  total  cessation  of  electrical  phenomena. 

220.  By  some  philosophers,  the  union  of  the  two  fluids  is  supposed  to  be 
oductive  of  the  evolution  of  heat  and  light.  The  inevitable  consequence 
at  in  separating,  they  must  absorb  those  elements,  seems  not  to  be  suffi- 
BOtly  contemplated;  nor  indeed  justified  by  any  observed  refrigeration 
Aween  the  surfaces  of  the  cushion  and  electric,  where  the  separation 
kes  place,  (f.  29.) 

221.  In  charging  a  Ley  den  jar,  the  two  coatings  become,  for  the  time 
ey  are  in  communication  with  the  conductors,  respectively  a  part  of  them, 
kuit  which  touches  the  resinous  or  negative  conductor,  therefore,  gives  up 
I  ritreous  electricity,  and  receives  resinous;  while  an  opposite  exchange 
*  resinous  for  vitreous  takes  place  in  the  other  coating.  Meanwhile,  the 
ipostte  electricities  arc  supposed  to  exercise  a  reciprocal  attraction  through 
e  glass,  and  are  thus  retained  upon  the  surfaces  which  they  respectively 
)cupy.  Of  course  a  removal  of  the  coatings  does  not  cause  a  removal  of 
IB  charse. 

222.  When  the  positive  and  negative  surfaces  of  a  charged  pane  act 
Diultaneously  on  a  metallic  arch  made  to  complete  the  circuit  between 
lem,  the  resinous  electricity  is  attracted  out  of  the  end  of  the  arc,  near  the 
Mting  vitreously  charged,  while  the  opposite  effect  takes  place  at  the  other 
id.  Thus,  by  a  series  of  decompositions  and  recompositions,  or  by  cur- 
snts  passing  each  other,  the  different  surfaces  are  restored  to  their  previous 
ale. 

223.  The  principle  of  induction  is  much  resorted  to,  agreeably  to  the 
9ctrine  of  two  fluids,  to  explain  the  passage  of  a  spark  between  a  body 
ither  vitreously  or  rcsinously  excited,  and  one  which  is  neutral.  It  is  sup- 
osed  that  the  fluids  attract  each  other  in  all  proportions,  and  in  a  way  to 
ring  into  equilibrio  the  self-repellent  power  of  the  homogeneous  atoms 
Kiding  to  dissipate  the  aggregate  fluid,  and  the  attraction  of  the  hetero- 
eaeous  atoms  tending  towards  its  accumulation.     Yet  it  is  conceived  that 
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the  equilibrium  is  liable  to  be  dcslroycd  by  tlie  prcacocc  oT  k  hi 
char^  with  eilher  electricity.  If  it  be  viir«*>u§,  by  iiuhu^lioa  it  r, 
vitreous  fluid  Trom  any  mass  in  iis  vicinity,  und  nttracts  the  naiiBK;  fib 
Burchargo  be  resinous,  it  repels  reainoua  eli^iricitv,  aiid  anni^i 
When  inis  species  of  reaction  reaclKs  a  certnin  ile^rea  of  ini^ 
surcharge,  and  the  hclerogvneous  electric  niDller,  which,  bv  ife  ■ 
process,  has  been  accumulated  in  the  oeighbouriag  cunilucTot,  rwh ifibt 
producing  an  electric  discharge,  and  under  favuurablc  orooRMM 
spark  or  a  shock. 

224.  Thus  the  unknown  electric  compound,  formod  hTtbenoiMi 
two  electricities,  is  considered  as  liaiile  to  be  dccoiiiposcMl  bv  ibe  pn 
of  either  of  ila  constiluente  in  excess. 

225.  When  of  two  portions  of  the  same  matter,  one  is  ranotctti 
Actually  combined  with  a  common  object  uf  nllractioo,  I  codboC  ODfc 
wherefore  the  one  should  be  displaced  by  the  uihcr. 

Addiliojtal  Remarks  explaoatorg  tf  FranJtlm'a  ffjijiirtiw 

226.  According  to  the  theory  of  Fmnklin,  ihr  cfleel  of  an  HcctrM* 
chine  in  drawing  electricity  from  the  cushion,  nnd  accumukuini*  it  «  i> 
prime  conductor,  has  some  analogy  with  that  of  a  whod  or  punw  faiv 
ing  water. 

227.  The  increased  capacity  for  the  electric  fluiil,  arin&s  fnnilM 
in  the  glass,  operates  like  a  bucket  on  a  wbo-l,  lo  cuabkr  it  lo  muiviap 
lionoffluid,-  and  the  loss  of  this  capacity,  after  Ibo  friction  oea«H,i 
logons  to  thai  inversion  of  the  buckets  which  causes  thcin  b>  be  am 
every  semi -re  volution  ■ 

228.  When  the  liquid  thus  raised  is  withdrawn  from  one  fcnnx 
thrown  into  another,  so  thai  the  quaatity  in  the  fonnrr  is  ilm— y 
much  as  it  is  iocreasEd  in  the  hitter,  the  etieci  is  annlogDus  (o  lhl#M 
cylinder  or  plate  of  an  electrical  machine  in  creMting  n  surr-harjr  k^W 
the  surfaces  of  a  pane  at  the  expense  of  tbc  r>i|icr.  Kbouti]  ilur  r^nvv 
be  allowed  subsequently  to'communicalc  by  u  syphnH  or  e>liim-.  urfs^ 
sequence  being  on  the  same  level,  a  previous  equilibrium  ufpniaili 
restored,  the  otHcc  performed  by  the  syphon  would  be  analogout  toterf 
a  metallic  arc  in  restoring  the  electrical  cquilibHum  of  the  charm)  wri^ 
of  a  coated  pane;  excepting  that  llie  velocity  of  the  electric  cnrrvM** 
cwnparably  grealcr. 

229.  In  explaining  the  operation  of  charging  a  coated  paar  bv  thr  thMfJ 
of  Franklin,  the  incessant  agency  of  the  altroclion  between  tbr  flwi  ^ 
the  glass  should  be  kept  in  mind.  It  is  iieri'>;sary  lo  suppn*'  bd  lai^ 
attraction  to  exist  between  the  glass  and  the  dectrical  porticlra;  wbir^ 
Iween  these  particles  there  is  an  intense  self- repulsion.  Whi-n  rUc  ftiw* 
are  unimpeded,  there  can  be  no  electric  nccumiilMimi,  b-i-iiu-  .-^itritia 
equally,  they  must  produce  an  equal  distrilmiion  i>r -I i, 

230.  In  a  charged  pane,  this  tendency  to  un  i  • 

by  the  impermeability  of  the  glass,  so  that  wli-  i,  ■  ■  . 
machine,  the  lluid  is  abstrnctod  from  one  side  of  i  lir  paiu-  t<-i  b^  nM  a;"* 
the  other,  the  same  ulrrnrtion  of  the  glani  wliiib  n'si>.i.s  iho  wicbdra**!  " 
the  fluid  from  the  negiitive  surface,  ri'lains  it  ii|iiin  xiw  piriiri^c  surfwri' 
soon  as  it  roaches  it;  while  the  surehart,"'  thus  n^rained,  im'^fnt-i  nm  anrt- 
sion  to  the  negative  surface  ofelnctrjclly  from  oibor  l-«li.-s,  Tbu*  an  rl«- 
(rical  surcharge  In  a  coated  jar  or  pane,  is  Je|>cndem  on  its  otlmciioo  ki«i*» 
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gative  surface,  and  the  repulsion  between  it  and  the  electrical  matter  in 
ler  bodies. 

231.  In  concluding  this  theoretic  explanation,  I  refer  the  reader  to  some 
ggestions  in  my  letter  to  Faraday,  which  are  quoted  at  the  close  of  my 
realise  on  Electro-magnetism,  page  77. 

Rationale  of  Electric  Light  and  Ignition. 

232.  It  appears  evident  that  there  is  a  re-action  between 
eat,  light,  and  electricity. 

233.  It  is  not  surprising,  therefore,  that  the  presence  of 
ne  should  cause  the  appearance  of  either  of  the  others; 
nee  they  all,  evidently,  pervade  nature.  It  may  be  con- 
ictured  that  the  electric  fluid  is  luminous  when  projected 
ith  intensity  into  the  air,  in  consequence  of  its  carry ini 
long  with  it  the  light  encountered  in  its  progress  througi 
onderable  matter.  In  like  manner  it  may  cause  the  ex- 
rication  of  caloric,  by  displacing  it  when  latent;  or  by 
dding  temporarily  to  its  repellent  power,  it  may  enable 

.  to  overcome  the  attraction  of  cohesion;  in  which  case 
metal,  no  doubt,  contains  caloric  enough  to  produce  a 
iolent,  or  even  explosive  separation  of  the  metallic  par- 
cles.  (Compendium,  274,  275.) 

234.  It  has  l)cen  mentioned  that,  agreeably  to  the  late  researches  of  Fa- 
iday*  the  electrical  spark  varies  both  as  to  its  dinH3nsions  and  shape,  with 
le  gas  employed  as  the  medium  for  the  experiment. 

235.  ''  In  nitrogen,  it  is  alleged  to  have  been  found  pre-eminently  beau- 
fill,  having  still  more  of  the  purple  hue  than  in  air."  '*  In  oxygen  the 
[Mrks  were  whiter  than  in  air,  or  nitrogen,  but  less  brilliant."  "In  hydro- 
ifD  they  had  a  fine  crimson  colour  not  due  to  its  rarity,"  since  rarefactioii 
iminished  this  characteristic.  "  In  carbonic  acid  the  spark  was  similar  to 
lat  in  air,  but  had  a  little  green  in  it.  The  sparks  were  remarkably  irie- 
ular  in  form,  more  so  than  in  common  air,  and  could  be  obtained  longety 
oder  the  same  circumstances,  as  to  size  of  ball."  "  In  muriatic  acid  the 
park  was  bright  throughout,  and  nearly  white,  never  presenting  any  dark 
arts  as  in  air  and  some  other  gases."  "In  coal  gas  the  spark  was  some- 
imes  green,  sometimes  red,  and  occasionally  one  part  was  green  and  ano- 
lier  red."  "These  varieties  of  character,"  says  the  distinguished  author, 
'impress  my  mind  with  a  feeling  that  they  are  due  to  a  direct  relation  of 
he  dialectric,  through  which  the  discharge  occurs,  and  are  not  nwre  results 
►f  the  casual  ignition  or  secondary  kind  of  action  of  the  electricity  upon  the 
Articles  which  it  finds  in  its  course." 

236.  From  the  facts  cited  above,  it  must  be  evident  that  a  specific  influ- 
jiice  is  exerted,  by  gaseous  substances,  upon  the  form,  dimensions,  and  co- 
our  of  the  electric  spark;  and  from  some  paragraphs  which  1  subjoin,  this 
ippears  to  be  equally  true  as  respects  the  brush;  yet  when  the  diversity  of 
colour  produced  by  di(Ic*rent  substances,  by  reflection  or  transmission;  also 
Tom  their  combustion,  or  from  their  mere  presence,  as  in  the  case  of  stron- 


{m  imponderable  substances. 

tia  (1493),  when  no  chemical  chan^  Is  cxpchenccd  or  iDdwred,  tk 

appear  lo  me  ihat  ihe  varialions  in  Ihe  hue  of  the  liylii  eniiaad,  A 
plausibility  of  the  raiionalo  given  above  by  me. 

337.  Jir.— Fine  primitive  bniahen  sre  eoMilj  obtAined  in  air  U  i— mm^-  ^ 
Bnd  pnssosa  the  well-known  purplish  light.     When   th«   >ir  is  nrcficd. 
lions  are  very  long,  lilling  Ihe  globe  ;  tbe  light  i«  greatly  ' 
tiful  purple  rolour.  with  on  uccsiional  rose  lint  in  it. 

338.  OiJjetn. — At  comiuon  pressnrei.  tha  brush  is  vary 

of  ■  dull  wLitiih  colour.     In  rsrefied  onjgen,  llio  farm ,.„,,, 

the  colour  aomewb&t  pnrpliab,  hut  ajl  the  chiuacUrs  veiy  poor  liiWIiMiJ  Utat 

239.  NUmgat  gl»oB  bruBhes  with  gt^at  fscility  at  the  poxitire  aatn;  faVj« 
tny  other  gas  I  Imre  tried  :  tboj  tre  iIhidbI  attriyB  fine  in  larm.  bete.  bI  ■* 
■ad  in  rarulied  nilrogen  ire  msgnificeoL  They  aurpasa  tiio  dtBckarga  iiiHM 
gas  u  lo  the  quantity  of  light  evolrcd. 

840,  Hydmgm,  at  eommoD  piesaurej,  gsve  u  bclt»r  bnMh  Ihui  oma.  W* 
not  equal  nitrogen;  the  colour  wai  grcenith  gny.  In  raifiSnd  hnlriMa.ib^ 
femtiom  Hera  very  fine  in  form  and  dialinetnesi,  but  palo  in  col-jor.  wok  ■  aU 
velvety  Bapenranco,  utd  not  al  all  equal  lo  lliou  in  iiitrngAn.  In  iJm  mM^' 
the  gSB,  the  colour  of  llie  light  wu  a  pole  gray  grcon. 

241.  Coal  gat.— TXiK  biuahos  wore  rather  difficult  to  proalora,  tb*  o^tMil 
nitrogen  being  groat  in  thia  respect.    They  wore  ahort  aodMroBC,  t*^^*'- 

Soenish  colour,  and  poMMsing  much  of  the  apark  characters  fin-,  anainH«M 
e  positive  and  nsgaljvo  to  run  nations,  often  wlien  llit-re  w^  ■  dark  iMa^tfa* 
length  between  the  two  bruihoi,  alill  the  quick,  sliarp  Hound  of  t)>e  aurk  t 
dueed,  is  if  ths  diachirgc  bad  been  sudden  throuj-h  this  gu,  and  panakiiw, 
respect,  of  the  character  of  a  spark.     In  raro  cool  gna,  the  tiroah  fonH  voi 
but  the  light  very  poor  and  the  colour  gray. 

243,   Carbonic  acid  gas  ptoJucoa  a  very  poor  brush  at  oocnnon  ujutju. 
gards  cither  size,  light,  or  colour ;  and  ihia  is  probably  conooeUd  iritb  Ut  ^^ 
which  this  gaa  haa  (o  discharge  the  eloclricily  m  a  spark.     In  ranfiod  i  ii^i^  et 
tbe  brush  is  belter  in  furin,  but  weak  as  lo  light,  bein^  ofa  dull  ■  miiwat  m  IB)^ 
hue,  varying  with  tbe  pressure  and  other  ctrcuiastaiicea. 

943,  Munatie  acid  gaa. — It  is  very  difficult  to  obtain  Iba  bnah  uUkkMria* 
mon  ptemiTM.  On  Braduatty  iacroaaing  Ihe  diataocv  of  ib»  iwnAM^A  ^ 
■parks  suddenly  ceaaod  when  the  intervnl  was  about  an  ineli  and  tin  fcta|i 
which  was  atiif  through  the  ges  in  the  globe,  was  silent  and  dark  Oc™— Si  ■ 
very  short  bniah  could  for  a  lew  momoiita  be  obtained,  but  il  oaicklr  itmt^ni- 
Even  when  the  inlenmttiug  spark  current  from  the  nmchino  vma  iwd,  enii  1  «- 
only  with  ditncultj  obtain  a  bruah.  and  that  very  short,  Ihooirh  I  used  r«4  na 
rounded  lenninaliona  (about  0.25  of  an  inch  in  diameter)  which  bad  beSta  r™ 
theoi  moat  freely  in  alt  nnd  nitrogen.  During  tlio  lime  of  this  dilScallt  eiUft 
muriate  gna,  magnificent  brushoa  were  passing  otT  ftom  diffBrent  parUoTtbiB 
ohine  inlo  Iho  surrounding  air.  On  rarefying  Ihe  gas,  the  formalTOn  of  Ibi  *• 
was  facilitated,  hut  il  waa  generally  ofa  low  aqust  form,  verj  poor  in  lifbt.  oS  •'- 
similar  on  both  (he  positive  and  negarivc  surfaces.  On  rarefying  tbe  n*  o^  v- 
a  few  largo  mmificaliona  were  oblojoed  of  a  polo  bluish  colooi,  utUrly  oaiidto 


Electrifying  with  Sparks. 
244.  A  person,  seated  on  an  insulatctl  chair,  is  madcn 
coniniuiiicule  witli  one  of  llie  comluctors.  Beiuj.'  liiiwifr 
gatively  or  positively  electrified,  sparks  may  be  (akeo  itfm 
any  part  of  tlic  body,  by  a  metallic  knob  or  point.  L'tk 
sparks  emitted  by  the  knob  be  too  severe,  the  point  bit 
be  used;  and  if  the  current  from  this  be  too  poweHulB 
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1  be  covered  by  a  wooden  cone,  C,  represented  in  the 
>wing  engraving. 


^45.  In  order  to  Biibject  a  person  to  ehocks,  a  coated 
is  used  with  two  knobs;  one  in  communication  with  the 
ide  coating  througli  the  rod,  R,  which  supports  it,  the 
.er  Bupported  on  an  insulated  wire,  W,  so  that  it  may 
made  to  approach  or  recede  from  Uie  knob  which  com- 
nicates  with  the  inner  coating.  To  the  outer  coating 
1  the  insulated  knob,  chains  are  attached,  each  termi' 
ing  at  one  end  in  a  knob  of  metil  with  an  insulating 
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handle.  The  handles  are  held  by  thvoperator,  : 
knobs  applied  to  the  patient,  so  as  to  Rave  l»etweeB  l 
the  part  to  be  electrified.  The  coatings  of  the  jar  h 
severally  connected  with  the  different  conductois  « 
electrical  machine,  the  charge  increases  in  the  jar  ■! 
became  strong  enough  to  strike  through  the  inierW 
tween  the  knob  connected  with  the  innner  coatin^i 
that  insulated  in  its  vicinity.  Of  course,  the  height  «f 
charge  depends  upon  the  interval  thus  left,  accordiiij 
the  operator's  discretion,  or  llie  feelings  and  fortitai 
the  patient. 


/ 


*» 
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9s  GALVANISM, 


OR 


VOLTAIC   ELECTRICITY. 
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300.  As  to  the  nature  of  the  cause  of  electrical  pheno- 
ena,  there  is  a  great  and  mysterious  uncertainty.  By  a 
ajority  of  electricians,  Dufay's  suggestion  of  the  existence 
two  fluids  is  sanctioned  (E,  217,  &c.*),  while,  by  others, 
^nklin's  idea  of  one  fluid  is  preferred;  yet  philosophers 

Jiigh  pretensions  question  tne  existence  of  any  impon- 
■"^ble  matter.  Whewell,  of  the  University  of  Cambridge, 
Elngland,  published  an  essay  a  few  years  since,  of  which 
^as  the  object  to  prove,  that  "all  matter  is  heavy." 
K*aday,  so  highly  distinguished  by  his  Herculean  re- 
-zrches,  advanced  the  idea  that  electrical  induction  is  the 
i^sequence  of  an  action  of  contiguous  ponderable  parti- 
^;  not  an  affection  arising  from  their  association  with 
::^onderable  matter.  In  letters  published  in  Silliman's 
:^rnal,  I  consider  myself  as  having  invalidated  the  posi- 
r:is  thus  taken  by  these  eminent  philosophers. 
^01.  Nevertheless,  I  find  it  necessary  to  abandon  the 
«i  that  there  is  any  transfer  of  imponderable  matter 
c^ing  electrical  discharges.  Latterly  1  have  conjectured, 
Lt  electrical  phenomena  are  due  to  the  opposite  polari- 
-ion  of  electric  matter,  which  pervades  all  bodies  and  all 
^ce ;  so  that  the  two  electricities  are  the  effects  of  the 
cne  matter  in  different  states  of  polarization,  and  an  elec- 
ta current  consists  of  a  succession  of  polarizing  impulses. 
D  this  subject  I  shall  return  when  the  facts  on  which  this 
Terence  is  founded  shall  be  the  su    cct  of  consideration. 

302.  Nevertheless,  it  seems  ui      jrsally  to  be  deemed 
xpedient  to  suppose,  provisionall;  existence  of  fluid 

lectric  impbnderable  matter;  ant  he  movements  of 

no  current  are  more  easy  to  coi  of  and  describe, 

*  1o  referring  to  the  numbers  of  paragraphs  in  U  le  on  ''  Electricity  Pro. 

er,*'  I  ■bmll  prefix  the  letter  £ :  in  referring  to  my  Jium,  the  letter  Cf 


than  those  of  two  iluids,  the  language  founded  n 
Frankliniaii  theory  is  much  used,  even  by  those  wko 
flume  the  existence  of  two  fluids. 

303.  Consistently  with  the  hypothesis  of  Dufay  (E,fl 
there  must,  in  every  part  of  any  active  electric  cictiit 
two  fluids  flowing  oppositely  to  each  other-  The  qnE 
of  either  fluid  must  be  increased  as  that  of  llic  otliai' 
minishcd,  so  that  there  can  neither  be  any  diminutici.1 
any  increase  of  the  sum  of  the  quaotilics  of  both  li 
Moreover,  the  current  in  an  electric  circuit  can  do  ■ 
be  directed  from  positive  to  negative,  than  from  nf^ 
to  positive.  Nevertheless,  the  terms  positive  and  X 
live,  or  minus  and  plus,  are  applied  to  the  states ofW 
implying,  of  course,  a  deficiency  in  the  one  cu.se,  audi 
duodancy  in  the  other.  Moreover,  arrows  indicaiii^ 
current  to  move  from  the  positive  to  the  negative  pdb 
almost  universally  used. 

30i.  I  shall  employ,  on  all  occasions,  a  language 
responding  with  the  theory  of  Franklin,  wishing  it  K 
understood,  that  %vhen  employing  the  words  eiedriad 
rent,  as  designating  the  phenomena  of  an  active  gaJf 
circuit,  I  do  not  mean  to  convey  the  idea  that  those  » 
arc  sufficiently  descriptive  or  accurate.  The  words  < 
trical  current  should  rather  be  understood  to  designaU 
unknown  cause  of  certain  effrcls,  which  are  in  foiw- 
spects  such  as  might  result  from  a  current  of  impomler 
matter. 

(^  the  Elementary  Ballery,  or  Simple  Galvanic  Pair. 
its  Circuit :  more  properli/  designated  as  a  Galr 
Triad. 

305.  It  is  generall}'  known  that  metals  arc  liafA 
what  is  called  corrosion,  arising  from  a  reciprocal  ad 
or  reaction,  with  certain  gases  or  licjuids;  also,  that  ■- 
metals  will  react  with  liquids  or  ga^es,  with  which  o 
metals  will  undergo  no  reaction. 

30G.  It  may  he  assumed  as  a  general  law,  that  k 
two  metals  are  simultaneously  exposed  to  a  liquiJ.  e 
cising  with  one  of  them  a  more  rtiergetic  reaction  i 
with  the  other,  tlio  phcnomcMia  will  he  siicli  as  to  com 
with  the  idea  of  aa  electrical  current  from  the  raon- 
ceptibic  metal,  through  the  liquid,  to  the  other  metal: 


rom  this*  through  any  competent  conductor,  back  again 
o  the  first  mentioned  metal.*  To  this  result  a  complete 
'.ircuit  is  indispensable;  and  it  is  on  the  completion  of  the 
;ircuit  that  the  phenomena  take  place  which  are  assumed 
o  demonstrate  a  current.  It  is  on  this  account  that  when 
be  tongue  is  situated  between  a  plate  of  copper  and  a 
date  of  zinc,  no  sensation  is  perceived  until  the  projecting 
ixtremity  of  one,  touches  that  of  the  other :  but  as  soon  as 
bis  contact  is  effected,  a  discharge  takes  place  from  the 
inc  to  the  copper  (or  silver)  disc,  which  anects  the  taste 
omewhat  like  a  feeble  acid.  Where  the  surfaces  are 
arge,  the  current  may  be  indicated  by  the  ignition  of  a 
rire  made  the  medium  of  communication,  or  by  the  at- 
raction  and  polarization  of  iron  fiUngs;  but  among  the 
Qost  competent  means  of  detecting  such  currents,  is  the 
^Ivanometcr  or  multiplier  of  Schweiger.  In  this  a  mag- 
letic  needle,  situated  within  a  coil  of  wire  as  represented 
p^-i-  in  figure  1,  by  its  deflection  detects 

a  — ^™.^    ^^^  existence  bf  the  most  feeble  gal- 

^~]2ll:^^=J^^^j    vanic  current,  which  may  be  made  to 
pass  through  the  coil  by  means  of  a 
ue  communication  with  the  ends,  a  b,  of  the  wire- 

n^.a.  307.  Hereafter  the  reaction  of  the  galvano- 

--V  electric  current,  so  called,  with  the  cause  of 

'  jL  magnetism,  will  be  more  fully  brought  into 
'^  ■  view,  while  at  present  it  may  be  well  to  ad- 
vert to  another  galvanoscope,  which  owes  its 
existence  to  the  same  source.  Fig.  2  repre- 
sents this  galvanoscope.  When  a  small  ribbon 
of  gold  leaf  situated  between  the  legs,  N  S,  of 
the  magnet,  D,  and  parallel  thereto,  is  made  the 
medium  of  a  minute  galvanic  discharge,  the 
ribbon  is  swayed  one  way  or  the  other,  ac- 
cording to  the  direction  of  the  current. 

3U8.  The  tongue  has  been  mentioned  above 

as  performing  the  office  of  a  galvanoscope. 

'  Originally,  the  limb  of  a  frog,  with  the  lumbar 

}r  spinal  ucrves  dtxiudcd,  was  employed  by  Galvani  and 

lis  nephew,  Aldini;  and,  recently,  this  organic  instrument 

bas  been  found  by  Matteucci,  a  distinguished  modem  in- 


it  iMTirUMlMi  kcti  u  copper. 


TBBtigator,  to  be  competent  to  the  detection  of  s  on 
too  feeble  to  affect  a  moat  delicate  galvanometer,  of  »■ 
struction  analogous  to  that  above  illustrated. 

309.  The  following  figure  will  give  an  idea  of  I 
prepared  so  as  to  answer  as  a  galvanoscope.  TV 
nuded  lumbar  nerves,  with  a  portion  of  the  spine  ar"" 


are  represented  at  z,  the  feet  at  s.  Now,  if  s  be  a 
of  zinc,  and  js  a  plate  of  silver,  copper,  or  platin 
making  or  breaking  the  circuit  by  tlie  metallic  arckC 
convulsions  will  be  produced.  When  the  intcrrupux 
and  renewals  of  contact  at  one  of  the  extremities  of  ik 
arch  are  rapid,  the  agitation  is  incessant. 

310.  When  the  frog  is  used  as  a  galvanoscope,  the 
tallic  plates  should  be  perfectly  homogeneous,  so  aa  ^ 
thHBselves  to  produce  no  discharge.     In  lieu  of  restii^d 
metallic  plates,  the  nerves  and  feet  may  each  be  enrdopel 
in  tin,  or  such  lead  foil  as  is  used  in  tea  chests. 

311.  Thus  prepared,  a  dissected  frog  may  be  inclwW 
in  any  circuit,  in  lieu  of  the  galvanoscopcs  above  descnbei 
Under  those  circumstances,  the  passage  of  the  most » 
nute  galvano-electric  current  will  bo  indicated  by  a  o* 
responding  tremulous  motion  in  the  organic  insirumcBt 
employed. 

312.  When  a  galvano-electric  current  is  produced  bj 
two  metallic  plates,  or  any  other  competent  masses,  aod 
an  interposed  exciting  agent,  they  are  usually  called  a  Jial- 
va.nic  pair:  but  as  three  elements  are  requisite  to  the  cha- 
racteristic cilect,  I  prefer  to  call  the  apparatus  which  ihev 
form,  a  galvanic  triad  (300). 

313.  In  the  construction  of  galvanic  triads,  vant"«i: 
forms  may  bo  given  to  the  metals  upon  which  ihe  li(]U)j 
is  made  to  operate;  and  any  two  metals  will  be  produc- 
tive of  analogous  results,  provided  that  one  be  more  sus- 
ceptible of  erosion  by  the  exciting  liquid  than  the  other- 


liijwmlly  cop]    r  a      :  «  employed,  as  combiDing  in 

lei  pveSminent  degree,  efiu  y  with  cheapness.  Yet  sil- 
a«r  would  be  preferable  to  copper,  gold  to  silver,  and  pla- 
ijjiuim  probably  to  gold. 

Br,dl4.  It  follows,  that  whatever  may  be  demonstrated 
^th  respect  to  copper  and  zinc,  will  apply,  more  or  less, 
O  the  case  of  other  metals.  Hence  C  and  Z,  the  initials 
ti  copper  and  zinc^  may  be  considered  severally  as  re- 
iresenting  two  metals,  one  of  greater^  the  other  of  inferior 
nisceptibility  of  erosion.  The  electric  relation  of  these 
aetals  may  be  changed  by  varying  the  exciting  liquid. 
Fhus,  for  instance,  in  a  galvanic  arrangement,  m  which 
x^per  and  zinc  should  \^  subjected  to  anunonia,  which 
lets  upon  copper  more  than  upon  zinc,  the  latter  metal 
irould,  in  a  simple  galvanic  circuit,  give  electricity  to  the 
Ibtmer.  It  appears,  also,  that  in  lieu  of  two  metals  and 
pse  liquid,  we  may  employ  two  liquids  with  one  metal ;  or 
0116  metal  with  one  liquid  may  be  employed,  provided  the 
turfaces  be  in  a  different  state  as  to  roughness,  sinoe  a 
more  powerful  reaction  takes  place  with  the  rougher  8ur» 
foce. 

315.  The  energy  of  the  current  varies  also  vnth  the 
greater  or  less  disposition  of  the  negative,  or  less  oxidiza- 
ble  metal,  to  become  tarnished  by  oxidation,  or  depositions 
from  the  liquid,  and  of  being  partially  dissolved  and  pre- 
cipitated on  the  other  metal.  These  evils  are  so  great  in 
the  case  of  zinc  and  copper,  as  to  cause  a  battery  con- 
structed of  them,  without  any  remedial  contrivance,  to  lose 
Edmost  all  its  efficiency,  before  the  zind  is  exhausted.  The 
zinc  becomes  so  completely  coated  by  a  mixture*  of  its 
suboxide  with  metallic  copper,  that  due  access  of  the  acid 
is  prevented. 

316.  As  either  silver,  gold,  or  platinum,  differ  from  zinc 
more  than  copper  does,  as  to  liability  to  erosion,  were  it 
not  for  their  superior  costliness  they  wbuld  be  preferable 
to  this  last  mentioned  metal.  Platinum  is  preeminently 
preferable,  being  less  susceptible  of  change  than  gold.  A 
minute  quantity  of  this  metal,  precipitated  on  the  surface 
of  silver  or  copper,  has  been  found  to  make  these  metals 

*  Thii  miztorer  after  being  loftened  bj  eoaking  in  water,  and  then  leraped  off,  I 
roaad,  in  one  inii  e,  to  grow'  hot  spontaneoiuly.  Probably  this  arose  from  a  gal- 
rmao-ehemical  rei  n  between  the  mmstore  and  the  copper  and  line  partielM, 
iorinf  which  thes    wore  aeqoiring  an  additional  fjnantity  oTox/gen. 
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more  efficacious  in  a  galvanic  triad,  by  diminisliiDg 
injurious  tendency  to  coherence,  bclwnen  them  and  1^ 
gen.  Recently  it  has  been  found,  that  cither  plnaiby 
coke,  OF  the  indurated  carbon  gublinicd  in  vnself  w 
evolving  gas  from  bituminous  coal,  may  be  aubstitule^to 
the  copper  in  a  triad. 

317.  From  the  phenomena  of  electrical  fishw.  ■! 
those  observed  by  Mattcucci  in  the  niiisctc^  of  fcff 
fishes,  and  warm  blooded  animals,  it  is  evident  tbtim 
law,  which  has  been  assmned  to  be  in  o|>cratioD  isih 
case  of  metals,  must  prevail  no  less  where  organic 
stances  are  solely  concerned  (30G). 

318.  Althoufrh  at  this  stage  of  our  illustration,  ant* 
tempt  to  explain  the  theory  or  construction  of  the  tori^ 

filler,  or  galvanometer,  would  be  premature,  it  wiD  ll 
lighly  advantagcouB  to  employ  it  as  the  bcitt  means  offr 
tecting  the  direction  and  force  of  a  galvanic  current,  tt 
present,  it  will  be  sufficient  to  state,  that  when  a  gain* 
discharge  takes  place  through  a  wire,  as  from  the  copjw 
plate  C,  to  the  zinc  plate  Z,  both  subjected  to  diluted  aot  I 
Fif.4-  _  as  in  fig,  4,  the  magnetic  needle  has  I 
tendency  to  arrange  itself^  at  riglit  u^l 
to  the  path  of  the  current,*  and  that  ea» 
sequently,  if  the  current  be  made  to  pC' 
parallel  to  the  needle,  a  deflection  in  pn>- 
])ortion  to  the  (luantity  of  lluld  winch 
passes,  will  ensue.  The  interposition  of  the  coil  of  lb* 
galvanometer,  merely  reiterates  the  influence  of  the  cur 
rent,  by  causing  it  to  circulate  many  times  about  the  d«- 
dle.  See  Electro-magnetism,  for  various  engravinc?  ami 
descriptions  of  this  instrument. 

319.  The  (iiroctioii  of  the  galvanic  current  is  known, 
from  the  manner  in  which  the  needle  is  dellected:  *iiKi: 
when  the  current  is  above,  and  flows  in  a  direction  paral- 
lel to  the  meridian,  from  south  to  north,  the  north  pole  i* 
deflected  so  as  to  point  westward,  and  of  course  the  south 
pole,  oppositely  deflected,  points  oa«twanl.  When  a  si- 
milar current  is  flowing  in  the  same  <lircction  Inflow  tW 
needle,  the  deflection  is  the  reverse  of  that  just  descrikJ; 


^at  in  any  case,  reversing  the  direction  of  the  current,  re- 
^fienes  the  deflection. 

^    320.  In  an  elementary  battery,  or  triad,  consisting  of 
Txmper,  zinc  and  water,  or  any  aqueous  solution,  the  oxi- 
Jation  of  the  zinc  is,  as  already  suggested,  indispensable 
»  the  production  of  the  phenomena,  which  are  conven- 
.  donally  attributed  to  an  electrical  current  circulating  from 
'Jhe  zinc,  through  the  liquid  to  the  copper,  and  back  again 
^to  the  zinc.    Under  these  circumstances,  as  the  oxygen  of 
^the  water  combines  with  the  zinc,  it  might  be  expected, 
'^that  hydrogen,  the  other  elementary  ingredient  of  the  li- 
quid, would  be  liberated  at  the  surface  of  the  metal,  as  is 
known  to  be  the  fact,  when  zinc  in  an  impure  state,  as 
'Ibund  in  commerce,  is  subjected  to  diluted  sulphuric  acid. 
But,  in  fact,  so  long  as  there  is  a  metallic  communication 
between  the  plates,  the  hydrogen  will  be  liberated  only  at 
'  the  surface  of  the  copper.    According  to  Faraday,  there 
is  no  reaction  and  consequent  evolution  of  hydrogen,  when 
sine,  purified  by  distillation,  is  subjected,  per  se,  to  diluted 
milphuric  acid;  nor  from  commercial  zinc,  if  the  surface 
be  amalgamated,  or  in  other  words,  coated  by  a  film  of 
mercury.    The  effect  of  this  coating  is  to  prevent  the  for- 
mation of  local  circuits,  between  the  zinc  and  certain  me- 
tallic impurities  which  it  contains.     A  homogeneous  sub- 
stance is  produced,  which,  per  se,  is  scarcely  susceptiUe 
of  reaction  with  diluted  sulphuric  acid. 

321.  But  although  neither  pure  zinc,  nor  impure  zinc 
when  amalgamated^  has,  per  se,  any  reaction  with  the 
water  of  diluted  sulphuric  acid,  yet  if  touched  by  a  piece 
of  copper  previously  immersed  in  the  solution,  the  oxygen 
of  the  water  combines  more  or  less  with  the  zinc,  wnile 
the  hydrogen  is  copiously  evolved  from  the  cupreous  sur- 
face. 

322.  This  may  be  considered  as  another  of  the  charac- 
teristic features  of  a  galvanic  circuit,  though  it  cannot  be 
so  conveniently  nor  satisfactorily  made  manifest  as  the  in- 
dications above  cited  (30G,  307,  309). 

323.  The  characteristic  phenomena  which  have  been 
described  as  resulting  from  a  galvanic  triad,  are  not  inse- 
parately  associated  with  any  particular  forms  of  the  gene- 
rating surfaces,  or  arrangement  of  them.  The  same  ex- 
tent of  superficies  may  be  more  efiicacious  when  arranged 
in  one  way  than  in  another,  or  may  vary  in  its  efficacy 


with  the  energy  of  the  exciting  liquid ;  but  whether  a 
or  both  of  the  metals  be  used  in  one  plate,  or  in  flm 
does  not  alter  the  characteristic  features  of  the  ami 
they  have  been  described. 

Of  the  CalorimatiTr. 

324,  In  IS18  I  contrived  a  modificaiion  of  the  galvanic  irinil  otA 
tary  baltery,  which  I  designated  as  a  calorimotor  or  heat  movpr,  m^ 
idea  that  a  current  of  heal  no  less  than  one  ofelcctricily,  i*  no  eSxltfll 
gnlvano  motive  power.* 

325.  The  calorimotor  conaisted  of  Iwenty.J3nc  plates  of  copper  cnniM 
eating  by  a  metallic  strap,  and  twenty  plates  of  zinc  siinilnrly  uavia 
the  plates  of  iho  one  set  being  alternated  between  those  of  thn  nibn.  bi 
apparatus  thus  construcled,  the  zinc  is  every  where  oppoacd  by  offB, 
that  both  of  ita  surfaces  become  equally  eOicacious.  Still  lhi«  ■f(»M 
although  consisting  of  forty-one  metallic  sheets,  and  twwiiy  intcnda»» 
plete  with  the  exciting  liquid,  comprises  only  the  three  elciiicnU  of  t  ^ 

•  Tho  ignition  nnd  doflngrmioo  of  wires  bj  tho  galvaaio  cniraBl  haa,  lij 
phers  gonuroil}'.  buon  aaciiliud  solclj  In  olootricily ;  tbc  boat  and  tifht 
liaciog  been  trcnti^d  aa  tocondnry  nBeata.  But  at,  agcoeably  tn  ili«  t£tf 
"^  "  "    -e  portion  af  mira,  aipowd  ntt*!*  ■ 

.  Fdtimc,  it  follow*,  that  ifliHlkaM  I 

■upplied  by  the  wire,  and  niuit  be  lapposHl  to  flow  rranUMi^ 
■ource  at  tb«  bc  com  puny  ing  elot^tricity.  Cimsitlsring  the  impondanhta  Std  ft  1 
into  circalDlioD  bj  galvinic  rcactinn,  la  FoniiBling  of  caloric  aa  irnlt  a*  rUclMAl  I 
inforrcd  ihut  the  propurtion  of  the  caloric  increased  with  the  aiui  of  Um  pua,  W 
of  ihs  electricity  wiUi  tbe  number;  and  llisl  in  a  large  appantna  of  aaa  rm,t» 
latter  fluid  wa*  in  a  minimum  proporliun,  bo  tbat  it  wu  mainly  raione,  aitiJm 
made  to  circulate  by  a  large  [raliraDic  pair  wliich  I  bad  oonatrocted. 

It  ii  dsmMulrated  by  the  pheaomena  of  Ikermo-iUcttieitjf,  of  wUch  ^  mm^ 
will  be  given  in  due  courae,  that  a  current  of  heal  may  be  the  priminr  ctvmJt 
gnlvanip  ciirronl.  in  thcrmo-elBClric  apparatus,  just  ns  much  as  a  rufTrni  rf  •>"• 
city  18  Ibe  cause  of  an  ovolutiuii  of  heul  from  an  appanitus,  sucli  aa  aSot*  d^rrM. 
called  li>dm.cloctric,  because  a  liquid  is  reqiiieilu  In  the  rpsuli.  Ii  eri-nit.  ihtrrM. 
reaaonable  la  consider,  that  both  caloric  and  clL-clricily  maj  be  products  (liters 
^aipano  or  (Aerrao-cloctric  reaclion  ;  and  llial  if  lical  bo  a  sccondarv  pr.«iu«  Ji.» 
cose,  electricity  is  no  less  so  in  (lie  otlier.     Tlicru  is  (ho  most  ample  proof  li.':-.LM 

Tbe  arguiiicnls  against  the  idea  thai  a  iluid  is  the  caust>  of  eieclriciiv.  are.  il  •»«■ 
to  me,  more  dillicull  to  ansivcr  ibau  nny  that  ran  be  adduced  against  ihe  einlFic 
of  a  material  causa  of  cnloritic  repulsion. 

Contemplating  a  galvanic  pair  as  >iiiii[.l_v  o  mnvernf  tlie  electric  fluid,  V,-!a  iiai 
called  aiicfi  pairs,  us  existing  in  his  sfries,  eIcr(r"iii"|i.iB.  Bv  analnc-v.  I  ippl.fd  iht 
term  calorimotor  to  signily  tho  largo  imir  nr  heat  muvcr  above  niciili.ined. 

Tho  opinion  above  alluded  to,  Ibal  tho  heal  of  an  orlivc  galvanic  circuit  ii  d  i  u 
dtclrital  'ffret,  as  generally  suppused.  but  that,  on  lhi>  cnntrarr,  cilnric  and  dwr. 
city  arc  connate  and  collateral  products  of  galvanic  reactiim.'waa  cnteriMinF<;  ■» 
the  causes,  both  oftlic  calnrJHc  and  electrical  pJiennincna.  wfto  jiencrillv  coau^FTK 
as  material  fluids,  the  electro-magnetic  powers  nf  tlie  circuit  in  qurslion  btw  -a- 
known.     It  will,  in  due  course,  be  explained,  that  I  am  ii..h-  (Ii»po«^>d  lo  .ouicrrM 

Eowera  of  the  active  circuit  as  tlio  coiisciiuencc  nf  waves  of  pidani.-ili.in,  aod  srv* 
ly  of  concomitant  vibrations  or  movements,  in  one  or  more  imponiicrable  pnocifi;"- 
which,  (lorvading  all  spaco,  are  combined  more  or  less  in  a  condensed  liile  •  a 
ponderable  atoms,  and  enlcr  enormously  into  the  con=lilulion  of  pcrlWl  condjrt.**. 
m  other  words,  mcl^ils. 

But  this  view  of  the  subject  is  entirely  c.nsislent  wilii  ilic  irif.Tcncc.  thii    .'i! 

bout  is  no  inure  an  ellcctufcleclricily,  than  elu'clricily  is  un  clFccl  of  heat' 
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[Mic  triad,  one  associated  zinc  luriaoe,  one  aasociated  copper  surfaoey  and 
'^  liquid  interpoaed  every  where  between  thenu 

-'    326.  I  ought  to  mention,  that  by  means  of  a  silver  thimble,  within  which 

>4  minute  piece  of  zinc  was  supported  and  insulated,  Wollaston  mnde  an 

sleinentary  battery  capable  of  igniting  a  minute  platina  wire.     In  enlarging 

be  size  of  the  galvanic  triad,  as  above  stated,  my  course  was  diametrically 

ipposite.     Several  methods  of  accomplishing  this  design  occurred ;  among 

iCbers,  I  contemplated  concentric  coils  of  copper  and  zinc,  the  former  being 

^  wound  as  to  surround  the  zinc  completely.    Also,  to  unite  several  sheets 

r  jf  copper  to  one  bar  of  metal,  and  several  zinc  sheets  to  another  bar,  the 

[fine  and  copper  alternating.    To  the  latter  plan  I  gave  the  preference. 

IVeoty  sheets  of  copper,  and  a  like  number  of  zinc  sheets,  associated  as 

jibove  described,  were  secured  in  a  wooden  frame,  so  as  to  leave  about  a 

^fmrter  of  an  inch  between  them.    One  end  of  a  rope,  passing  over  a  puU 

^ifljjr,  was  attached  to  the  frame,  while  to  the  other  end  a  counter  weight  was 

'Swtened.     A  cubical  box  of  suitable  size  being  placed  under  the  frame  thus 

.iotpended,  and  supplied  with  diluted  sulphuric  acid,  the  frame  could  be 

f/Owered  into  the  acid  liquid,  or  lifted  out  in  an  instant. 

337.  When  one  plate  of  zinc  is  placed  between  two  of  copper,  as  in  the 

^oUaston  elementary  battery,  represented  by  the  adjoining  cut,  out  of  four 

Viff.s.  copper  surfaces  two  are  useless;   but  in  a  calorimotor 

'   •  where  the  same  quantity  of  zinc  is  used  so  as  to  form  seve- 

^^— — ip"**^^  ral  plates,  say  four,  for  instance,  five  copper  plates  of  the 

I  same  size,  will  be  sufficient  to  constitute  a  calorimotor  in 

I  which  each  zinc  plate  will  be  opposed  by  a  cupreous  sur- 

I  face,  and  only  the  outermost  surfaces,  thetwoeztemal  cop- 

I  per  plates,  will  be  useless.    Hence,  of  the  ten  surfaces  in 

"^  the  five  copper  plates,  all  but  two  are  brought  into  action. 

828.  A  battery,  resembling  the  calorimotor  in  the  alternation  of  surfaces, 

baa  lately  been  constructed,  in  which  iron  plates  are  made  to  perform  the 

office  of  those  of  copper:  much  merit  is  attached  to  the  construction,  no 

reference  being  made  to  its  previous  employment  by  me. 

820.  While  I  was  engaged  in  these  experiments,  Mr.  Lukens,  to  whom 
I  had  mentioned  the  various  plans  which  I  had  projected,  of  calorimotors, 
put  into  operation,  with  the  aid  of  Dr.  Patterson,  the  plan  of  concentric 
coils*  Although  this  apparatus  had  less  surface  than  that  which  I  had 
constructed,  and  would  not  heat  as  large  a  wire  as  the  latter,  yet  it  com* 
muoicated  a  much  higher  ignition  to  a  small  wire  than  mine  was  capable 
of  producing. 

830.  Soon  after  this  experiment  of  Patterson  and  Lukens,  J.  P.  Wethe* 
rin,  Elsq.,  had  a  pair  made  in  the  form  of  concentric  coils,  of  one  hundred 
square  feet  of  surface.  From  this  great  results  were  expected,  and  a  large 
assemblage,  of  those  interested  in  such  experinients,  attended  to  see  the  mam- 
moth jmir  tried.  But  to  the  surprise  of  all  present,  it  did  not  induce  even  a 
red  heat  in  connecting  wires,  such  as  had  been  vividly  ignited  by  my  appa- 
TStus,  or  that  of  Patterson  and  Lukens.* 

*  Some  time  after  these  large  pairs  were  constmeted,  siniilar  ipperatni  wti  made 
W  Mr.  Pepyi,  of  I^ndoo,  and  likewiee  by  Col.  Ofierhaoa,  on  the  continent;  and  al- 
tnottrh  a  memoir,  in  which  I  ffave  an  account  of  these  experiments,  was  published 
in  8iUioian*s  Journal,  and  in  the  Annals  of  Philosophy,  Pepy>*  apparatua  of  concen* 
trie  eoile  has  been  treated  of  aa  an  original  contrivance  in  Turner's  Chemistrj,  and 
eisswlMrs.  The  apparatua  of  Oilerhaus,  though  made  long  after  those  constnieted 
B 
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881.  It  sinickroe  nfterwardMhat  in  n  vciy  large  pair,  thftiilBiq 
not  increase  with  ilie  quantity  of  tlic  fluid  grnrralcd,  ainoe  UtalapM 
ble  matter,  or  the  waves  of  polariaallf.n,  cannot  be  coQCcnnied  ^ 
given  small  point  of  afflux,  as  soon  rr.nn  n  large  surlocv,  «»  fin*  « < 
one. 

882.  It  is  analogous  to  the  case  of  a  small  aD<i  a  large  Btntam  if  t 

b;  PilMnon  tni  Lnksni,  and  hj  WoLherill,  vii  dcKribed  aa  if  il  bad  bsNl 
form  ofappiratUB, 

Fioding  that  in  con>equDnco  or  the  low  inlenEttj  of  Uie  convnl  trtm  mf' 
motor,  cDoaiiting  of  one  pnir  furmed  of  two  lurfocea  of  lifly  a^iur*  fcat,  U  i 
produce  a  bent  nufficiiiDt  Tor  Uic  acUra  deSagtation  of  wim,  I  luAiiiwrf 
verted  it  into  en  ■npirilua  of  two  pain,  the  cupper  aheeta  of  onm  alUnMM 
Ibo  lino  ahoets  of  iho  other. 

Two  of  tlie  auifacoi  WDra  unitod  bf  s  maxs  of  soliJor.  To  the  otkan  bitf 
Boldered,  into  which  ti\r  oadi  of  Iho  wire  wen  futanad,  which  iraa  tobtai 
nediumof  diichacgo.  Thia  form  of  the  calorimolor  I  ha«a  fonad  of  gml  w^ 
means  of  i^nitinf  gaieoua  mixlurea  in  oudiametricol  experimenlj,  ad  atb 
aeana  requiring  ignition  in  close  vessels. 

Fi^ore  !i  icprcsciits  a  oalorimotor  of  four  pairs,  an  constmeted  tbat  Um  O^ 
csontained  in  a  v«asrl  of  auitabls  fomi  and  site  is  bmuzht  into  cootaet  aittl 
tallio  aurfaces,  by  applying  Iho  band  dnlr  to  the  end  ot^a  lover  aasoetalad  T 
pulteya  and  two  oardi,  atlachod  severally  to  ibe  ends  of  Iho  vcaaeU  TbcB 
being  wound  ap  on  the  pulleys,  raise  tho  copper  vessel  ao  as  to  causa  tlv  f 
be  immersed  in  the  diluted  acid. 

Ttia  two  forms  of  Ibe  oalorimotor  Topresenled  by  Sg.  G  and  7.  ba«e  Wn 
□■ed  by  me  for  what  is  described  in  my  Compendium  as  "f  nfinmi  i^nifiia  '  l< 
WiLhin  any  cavity,  igniUon  of  any  inlcnsily  ibort  of  fuaini;  platioa  nay  \*fi 
by  making  a  plalina  wire  the  subject  nf  a  galvanic  tljachar^  from  aa  taslni 
this  kind,  I  tirat  resorted  to  this  prDoosn  in  Ilia  year  l;!<^.  for  the  parp««a<if  i 
gaseous  miiturea  in  eodiomoters  of  viirious  forms  In  Jotm,  Jo31,  I  sppIiaJ 
nite  gunpowder  in  rock  blasting;  and  in  Iliii  object  U  was  aubainjimlly  i 
ngreeobly  lo  my  rocoitimendation,  by  Colonel  Paaloy,  frofe^Kir  O'r'lniff  ■ 

EiijTaeJaf  ourf  Daerijitiom  of  a  Calurimolor  of  Four  Pain,  or  Triiii 


A 


11 

'Mtb  oT  OBO  dqxlfc    It  is  wall,  known  that  the  surAoe  in  both,  b^ns  m»- 
qiined  at  the  Kune  height  iibovo  the  points  of  effiuz,  a  jet  Irnn  the  forawr 
ertmtum  will  go  as  far  as  one  of  the  same  diameter,  emitted  by  the  latter* 
:i    >S3.  There  was,  however,  one  characteristic  noticed  by  idb.  Id  which 

lua  analogy  does  not  hold;  I  allude  to  the  fad,  that  fine  win  will  not  fuae 
■vriwn  made  the  medium  of  discharge  from  a  very  lai^  pair,  although  the 

■me  wire  may  be  fused  by  a  small  one. 
;      334.  The  capillary  wire  ignited  by  the  thimble  battery  of  Wolloaton, 

Mmld  not  be  similarly  ignited  by  a  calorimotor  of  fifty  square  feet.  I  have 
^mentioned  that  the  coil  of  Patterson  and  Lukens  igniled  an  iron  wire  about 
=1fo.  24,  more  ititeusety  than  my  larger  apparatus  of  one  pair,  consisting  of 
^•bemate  plates. 

886.  Adopting  the  idea,  that  a  current  of  electricityotuisisls  of  waTea  of 
^olirization,  the  mystery  may  be  thus  explained.  The  application  of  a 
■«4n  to  the  electrodes,  disproportionate  tn  •eetional  area  to  the. triad,  the 
j'lfacait  of  which  it  is  employed  to  cloee,  impedes  the  polari»tioo  of  tba 

pooler  part  of  the  masses  which  enter  into  the  oooatructkw  of  tbs  triodt 
lOeoee  the  polarizable  matter  within  those  moaseo  is  prevented  ironi  attain- 
ing even  that  low  degree  of  tension,  of  which  one  triad  is  susceptible  when  , 
'tti  circuit  is  completed  by  a  competent  conductor.    It  appears,  therefore, 
nasooable  to  suppose,  that  the  waves  in  a  lorge  calorimotor  move  Icaa 

DUgram  Uluttrataig  Ikt  ^mmgmMtU  ^  du  Ptstt*. 


Tliii  machine  coniiita  of  uitMD  plttn  of  line,  tad  twfDtj  pUu*  oF  coppsr,  saeh 
twelva  inchaa  bjr  MTen,  mmngtd  in  foar  ^vuiia  p«in.  Tns  ^lal«  ue  sapprirlsd 
within  I  box  with  a  centnl  putition  of  wood,  A  a,  dividing  it  into  two  compart- 
nMnta.  Each  of  tbeas  maf  be  oondderBd  u  MiHrated  into  two  tabdiTiaioDS,  b* 
ftmr  platci  of  copper  betwMn  th*  letUn  C  C.  Of  eoura*  tlw  box  mav  b«  ooW 
dered  aa  compriiing  four  diatinct  ^acaa,  No.  I,  No.  S,  No.  3,  and  No.  4.  The  dr. 
cuit  it  cilabliahed  in  tim  following  mannar,  BetwMD  the  uae  plalM  of  eoapart. 
ment  No.  I ,  and  Ilia  capp«r  plats*  of  eompartmant  No.  S,  a  astallle  eomnnnMatioa 
la  producad,  by  aoldaring  thaii  neighbouring  coruera  to  a  cornmon  maaa  of  aoMar, 


with  which  a  groove  in  the  woodeii  paitilion  betwean  them  ii  filled.     With  « 

maaara  of  eolilBr,  Iho  groovoa  aeverall;  made  in  the  upper  edgea  of  each  and  of  toa 
box  are  aupplied.  To  one  o(  Ihem,  ttie  corner*  of  all  the  coppar  plataa  of  apaca  No. 
I,  and  Ihe  iinc  of  ipace  No.  4.  ira  soldered.  To  the  other,  tA«  une  ^taa  of  apaca 
No  3,  and  the  copper  plilea  of  (pace  No.  3,  are  soldered  in  Ulia  nanner.  Lutiy, 
the  line  platea  of  No.  3  are  connacted  b;  solder  in  a  groove,  and  the  copper  plataa 
of  No.  4  are  in  like  manner  connected  b;  solder  in  another  groove.  Upon  the  anda, 
8  B,  of  the  solder  iuit  mentioned,  Ifae  gallova  ecreva  are  severally  soldered,  and  to 
Ibesa  the  rod*,  F  V,  called  polea,  are  fastened.  The  means  bj  which  the  acid  is 
Made  to  act  opon  the  plates,  moat  be  soSciently  evident  ttota  inapection.  Depress- 
ing the  handle  caaaei  the  wheela  to  revolve,  and  Ibne,  by  mwna  of  the  cord  whioh 
wotka  in  their  grooved  circDinfarencaa,  to  lift  the  raeepuela  which  holds  the  acid, 
ttnlil  thia  occupies  the  interatice*  between  the  plates. 

The  rationale  of  the  increase  of  intensity  reeolting  from  the  above  described  con- 
stroclion,  will  be  given  under  the  head  of  compowtd  drcuitt. 


12 

speedily,  while  ihey  have,  on  the  average,  much  Turtber  to  pi  (kite 
created  in  comparatively  minuie  apparatus,  essentially  of  ihc  mis  » 
at  met  ion. 

836.  There  seems  to  be  an  a nfllogy  between  the  part  p^rfrnW  h 
conductor  in  coni|)leling  a  galvanic  circuit,  and  that  of  a  knif.  n  m 
pleting  the  circuit  of  a  magnet  so  far  as  this;  that  in  either  caw,*'"* 
by  which  the  completion  is  accomplished,  is  the  cause  as  well  a*  ^^ 
ject  of  the  resulting  power. 

Of  the  Galvanoscopic  Frog. 
337.  It  must  follow,  from  the  facts  already  allotW* 
that  the  limb  of  a  frog  must  combine  all  that  is  esjeoW 
to  a  galvanic  triad;  and,  agreeably  to  the  obserraliovC 
Matteucci,*  sections  of  the  mtiscles  either  of  warn  • 
cold-blooded  animals  are  competent  to  give  dtscbtlMI 
analogous  to  those  of  a  very  feeble  galvanic  triad,    m 

CatmivuitaT  of  Two  Pwt,  or  TriadM, 

Fif.a.  : 


The  spparalua  represented  bj  the  preceding  li^uro  ia  a  nlnrimolnr  qoiit- 1 
in  onalmctinn  tn  thai  ubnvo  described,  but  uliich  ditTt^rs  frim  it  lo  br:-.. 
ODO-rnurlhoniiDBiic,  and  in  CDnii>ling  orturo  pairs  inetead  of  r,iur.     The] 

In  the  furm  ol'  tiliccts  arranged  as  two  pairs  alternating,  Faradaj.  id  to: 
researcliea,  ompbijcd  a  calotiiiiotnr. 

Orcoiine.  wlieii  ennsislinjc  of  more  than  nnc  triad,  the  rslorimntor  craivi 
under  the  h»»d  of  liinplo  circuits.  It  operotes.  when  cunitiiuird  of  in  ri 
triad,  upjn  the  principle  of  a  compound  circuit,  wliich  will  be  eiptuned  id 
chapter. 


^ 


'  Annaleg  de  Chymie  et  do  Physique,  Troiiieme  8en«,  Tom.  7,  p4|<  (2> 


13 

wgans  l^  which  electrical  fishes  are  enabled  to  give 
irilocks  to  produce  ignition,  or  deviations  of  the  galvano- 
|DetricaI  needle,  are,  n6  doubt,  a  series  of  galvanic  triads, 
in  which  organic  masses,  associated  in  a  series  voltaic- 
idly,  perform  the  office  of  the  plates  in  galvanic  triads, 
forming  a  compound  circuit,  of  which  the  description  and 
explanation  is  the  subject  of  the  next  chapter. 

Experimental  Illustration. 

338.  The  electrical  excitement  arising  from  the  contact 
of  copper  and  zinc,  shown  by  means  of  the  single  leaf 
dectrometer. 

339.  Efiect  of  the  active  circuit  upon  Schweiger's  gal- 
vanometer and  the  gold  leaf  galvanoscope.  Also,  upon  a 
leech  or  prepared  frog. 

340.  Disks  of  zinc,  provided  for  the  purpose  of  pro- 
ducing a  galvanic  discharge  through  the  tongue,  when 
severally  placed  over  and  under  it;  the  projecting  limb  of 
Bach  disk  being  brought  into  contact. 

341.  A  plate  of  copper  and  a  plate  of  zinc,  connected 
3y  a  small  wire,  being  plunged  into  a  vessel  containing  a 
lilute  acid,  the  ignition  of  the  wire  is  produced.  The 
lame  result  obtained,  by  concentric  coils  of  sheet  copper 
md  sheet  zinc:  also  by  several  plates  of  copper  and  zinc, 
ilternated  with  each  other;  all  the  copper  plates  being 
Lssociated  by  one  metallic  bar,  and  all  the  zinc  plates  by 
mother.  These  heterogeneous  surfaces  have,  every  where, 
nterstices  between  them,  and  are  connected  only  by  a 
(mall  wire,  which  is  deflagrated  as  soon  as  they  ar^  im- 
nersed  in  an  acid. 


CHAPTER  II. 

OF  COMPOUND  CIRCUITS,  OR  VOLTAIC  SERIES. 

342.  Having  briefly  described  the  construction  and  the 
process  of  a  single  galvanic  triad,  or  elementary  battery 
BL8  it  is  usually  called,  I  will,  in  the  next  place,  direct  at- 


» 
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lention  to  the  compound  or  complex  circuits,  comIm 
two  or  more  triads.  For  tlic  illustratioo  of  ttptfl 
complicated  form  of  the  galvanic  battery,  a  seneiljfl 
triads  will  answer  every  purpose,  since,  were  any  vam 
however  great,  interposed  between  the  terraioatiog  tnl 
each  would  be  in  a  situation,  theoretically  and  practieJ 
perfectly  analogous  to  the  triad  occupying  the  mean^ 
in  a  triple  series. 

343.  Let  us  suppose  three  galfll 
,'^  triads  like  that  represented  by  F^ 

to  be  situated  side  by  side,  do  nieU 
communication  existing  between 
plates  of  any  one  triad,  while  I 
plate  in  each  communicates,  bj  ll 
tallic  conductor,  with  one  of  a  d^ 
metal  in  one  of  the  triads  on  either  side;  also,  let  thl 
trcme  plates  communicate  by  wires,  meeting  as  nj 
sen ted. 

344.  The  plates  of  neither  triad  communicating  (firti 
neither  can  form  an  indvpcndent  circuit,  but  still  M 
them  may  make  a  discharge  through  the  complex  cm 
tor,  formed  by  the  uniting  wires,  and  the  intervening  | 
tions  of  the  exciting  liquid.  It  follows,  that  if  the 
plates  in  the  exterior  receptacles  were  both  of  one  w 
so  as  to  be  incapable  of  producing  a  galvanic  currfol, 
middle  triad  would  act  as  a  simple  elementar\-  batim.l 
forming  its  circuit  through  a  complicated  con<!iici"r. 
as  in  the  actual  construction,  the  jilatcs  of  each  triad  an 
milarly  excited,  the  disposition  to  discharge  cleciriciiy 
ists  in  each.  In  other  words,  each  copper  platt-  Utn 
jsurchar^fod,  each  zinc  plate  dulicieiit,  to  a  coedhh-ii-u 
extent.*  llencc,  the  retlundancy  cn^j-eiulercd  in  ibc  i 
per  plates,  is  neutralized  by  the  drliriencv  cni'rmUr'.' 
the  zinc  plates;  and  no  more  of  the  tluid  cnn  pa?5  ar 
point  which  may  be  selected,  than  tlmt  which  i>  ■j.'xv 
by  the  two  plates,  between  which  lln;  sek't-trd  [luini  'V 
Intensity  is  jill  that  is  gained  in  the  ci>nij>lr\  circiiii. 
all  the  pairs  have  to  use  one  coniplicatfd  circuit,  tin) 
cooperate  to  ellect  a  current  in  that  circuit. 


inJcrs  this  metal  pnijiurtluiiikbly  n 
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l,  345.  Daring  the  operation  of  a  single  circuit,  the  dis- 
iCharge  from  the  zinc  to  the  copper,  through  the  Uquid,  is 
{^compensated  by  that  of  the  copper  to  the  zinc,  through  the 
,|irire,  excepting  so  far  as  the  current  is  retarded  by  the 
i^liiBtruction  created  by  the  nature  or  dimensions  of  the 
gtonductor  interposed. 

J  346,  In  the  compound  circuit,  the  discharge  from  the 
nnc  to  the  copper  of  each  triad,  through  the  liquid,  is 
compensated  by  the  discharge  from  the  copper  of  one  pair 
to  the  zinc  of  the  other,  and  as  the  deficiency  in  each  zinc 
■  plate  is  exactly  equivalent  to  the  surcharge  produced  in 
'  each  copper  plate,  it  is  evident  that  the  equilibrium  must 
be  restored  almost  as  soon  as  destroyed,  where  the  con- 
ducting communication  between  each  pair  and  that  be- 
^  tween  the  extremities  is  very  ample.  jBut  after  making 
the  communications  ample  every  where  else,  if  there  be 
a  deficiency  arising  either  from  the  size,  or  the  nature  of 
the  interposed  body,  between  any  two  of  the  triads,  the 
whole  of  the  series  will  cooperate  to  efiect  a  discharge 
through  it.  So  long  as  this  cannot  be  accomplished,  tne 
copper  and  zinc  plate  of  every  triad  is  brought  into  an 
opposite  state  of  polarity,  producing  a  tension,  or  in  other 
words,  an  effort  to  effect  a  discharge.  Hence,^  the  inten- 
sity of  the  effort  to  overcome  the  obstruction,  is  as  the 
number  of  triads,  excepting  the  loss  by  retroconduction. 
This  loss  necessarily  augments  in  an  increasing  ratio,  so 
that  there  is  probably  a  point,  at  which  any  numeric  ex- 
tension would  injure  by  promoting  retroconduction,  more 
than  it  would  contribute  to  the  intensity. 

347.  Usually,  a  galvanic  series  is  considered  as  com- 
posed merely  of  pairsj  each  consisting  of  an  electro-ne^- 
tive  and  an  electro-positive  metal,  copper  and  zinc,  tor 
instance.  This  was  the  idea  of  the  inventor,  who  erro- 
neously ascribed  the  energy  of  his  apparatus  to  an  electro- 
motive power  in  the  metals,  treating  the  liquid  interposed 
as  performing  only  the  humble  office  of  transmitting  the 
electricity  from  one  of  the  electro-motive  surfaces  to  the 
other. 

348.  The  first  construction  of  the  Voltaic  series  was 
that  of  a  pile  of  such  pairs,  separated  from  each  other  by 
moistened  cloth  or  pasteboard.  Hence,  the  appellation 
Vdtaic  pile  is  often  used  to  signifjr  a  series  ot  galvanic 
triads  in  any  form.     Fig.  10  may  give  an  idea  of  Uie  cele- 
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brated  pile  of  VolLa,  which  has  imiDorUliiBd  it 

name  of  the  inventor,  and  given  ri^e  to  rsJb 

i  unsurpassed  in  importance  by  those  of  aiiv  ode 

.invention.     The  tirst  four,  and  the  last  two uk 

I  and  copper  plates,  are  distinguished  by  the  1* 

ters,  C  Z.     By  ttiese  means  the  relalJTe  fosoa 

of  all  the  plates  may  be  understood,  as  inlil 

'  those  of  the  disks  of  cloth  represeuted  by  i>l» 

'  vening  dark  hues. 

349.  The  following  is  llie  accouni  given  or  bis   invetilion  by  V(lli,iil 
letler  to  ihe  president  of  the  Boyal  Philosophical  Socieiy  ofGrnl  BroiB^ 

350.  "  The  [irincipal  result  is  the  con  struct  ion  of  rq  appanuus  «hkik% 
respects  the  shocks  it  is  capable  of  giving  lo  the  orm,  resemUci  ita rf^: 
Leyden  jur,  or  of  an  electrical  bailery  feebly  chnrged,  but  wfaich  iMi  " 
incessantly,  being  self  charged  ufler  each  explosion  ;  which  m,  in  bol.i 
dowed  with  on  inexhaustible  charge,  or  perpetual  action  or  r 
the  declric  fluid,  but  which  ii  peculiar  in  this  power  of 


ducts  Ml 

tVOtBM 

\gfi  tad 


1  peculiar  in  not  consisting,  like  ihe  ordianry  baiMni^fl| 
one  or  more  jars  coaled  by  conductors.  The  apparatus  ofwhicb  I  «M^% 
an  aaaemblage  of  good  conductors  of  didercnt  kiods,  nrrnDgcd  in  ■  a  ~*~ 
mnnner.  Twenty,  forty,  or  sixty,  pieces  of  cop[H;r  (or  I«iU)r  of  m 
each  applied  lo  e  piece  of  tin  (or  much  better  of  zinc),  and  an  » 
ber  or  strata  of  water,  hrine,  ley  (or  other  solution  which  cood 
Ihaa  water  alone),  or  pieces  of  card,  skin,  r&c,  soakcti  wtlh  may  a 
liquids ;  these  being  inlerpoaed  between  each  couple  of  the  diAbtvot  a 
atternately,  so  as  lo  have  the  three  kinds  of  conductors  umagt  ' 
same  order  throughout.  Such  is  the  constitution  of  ibe  oew  in._  _  ^ 
This  instniment  imitates,  as  I  have  alleged,  the  effect  of  IjryAea  jaok* 
batteries,  in  giving  similar  shocks,  which  arc,  nevcrthfk'ss,  a«  t-niat 
either  by  the  noi.ae  or  force  oC  ihc  explosion,  the  length  of  th.?  *).ark,  toi 
very  inferior  in  intensily  to  those  givpn  l)y  lintlcrics  of  coaiod  gUss.  iWs 
highly  charged.  Although  equivalent  only  to  a  battery  of  iinn^nw  «^ 
face,  very  feebly  excited,  the  pile  has  the  pn-eminenl  virtue  of  not  rwprni( 
to  be  chnrged  in  advance,  by  an  electrical  oinchine,  in  order  lo  gite  fh-.<to 
&s  often  as  il  may  be  properly  touched. 

351.  "I  propose  to  cull  this  inslniment  the  artificial  elcctric.il  orjin.  u 
having  both  in  principle  and  form,  a.s  I  have  constrncTi'd  it.  niDch  ^'>a"'' 
resemblance  In  the  cleclricnl  organ  of  the  torpedo,  than  nnv  othor  kr,i>»i 
electrical  apparatus.  In  truth,  it  is  no  less  than  the  hitler,  composi-d ■.f^ re- 
ly of  conductors." 

352,  After  giving  minute  inslructinns  for  the  conMruclion  of  his  pjl».  :*- 
author  slates,  "  should  it  compnte  twenty  of  the  inrtjilhc  pnir*.  ii  « .''  n i 
only  be  compclent  lo  cnuic  llie  leaves  of  a  condensing  elcclr.niifi.r  i- 'i- 
verge,  hut  will  give  a  charge  ade(|iiate  to  a  spark,  and  i<i  cri'.i'i.'  a  s.;.>r  .a 
in  the  fingers,  as  often  as  they  miiy  be  brought  into  cont.irt  w  iih  tbf  ii;:-- 
milies  simullnneously,  resembling  that  of  a  torpedo,  Mhich  has  tuvn  n- 
Ircmely  enfeebled." 

3ri3.  Il  is  remarkable,  that  Volta  in  this  communication  toi-k  oi;  'it 
smallest  notice  of  the  rapid  decline  of  power,  which  ensues  in  his  apparaia. 
and  the  fact  that  il  soon  becomes  comparatively  eSete.     The  onlv  reoi<- 
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which  he  makeB  of  this  decline  is  aooompftnied  by  the  tuggeslioDy 
4tM  being  caused  by  the  evaporation  of  the  moisture,  it  m^t  be  prevented 
,  Iqr  a  resinous  covering.    But  the  inadequacy  of  tlje  escape  of  moisture  to 

aiphun  the  diminution  of  power,  ought  to  have  been  sufficiently  evident 
^mm  the  striking  fact,  that  this  diminution  ensues  in  the  couronne  des 
iiaases.  In  this  apparatus,  as  well  as  in  the  pile,  the  acid  becomes  saturated, 
£«mI  the  plates  coated  with  reduced  copper  and  suboxide  of  zinc,  although, 

fimn  the  ample  supply  of  water,  there  can  be  no  injunous  desiccation. 


^  Of  the  True  Membere  of  a  Voliaie 

854.  I  have  endeavoured  to  make  it  evident,  that  the  apparatus,  which 
has  been  called  an  elementary  battery,  or  galvanic  pair,  is  more  properly 
oonsidered  and  designated  as  a  galvanic  triad;  since  to  form  it  requires,  at 
least,  three  agents.  Consistently,  the  metallic  pair,  belonging  to  each  triad, 
oomprised  in  a  voltaic  series,  does  not  consist  of  the  plates  which  touch  each 
other,  but  of  those  which  are  separated  by  the  exciting  liquid,  whether  held 
in  cells  or  interposed  cloth.  Erroneously  ascribing  the  power  of  his  series 
to  an  electromotive  power,  and  conceiving  the  agent  intervening  between 
tbe  metallic  couple  as  acting  merely  as  a  conductor,  Volta  constructed  his 
pile,  as  represented  by  fig.  10,  in  which  there  are  two  useless  plates,  one 
of  each  metal,  at  the  extremities.  Tbe  series  really  commences  wiUi  the 
lowermost  zinc  plate,  and  ends  with  tbe  uppermost  copper  plate,  and  as  the 
cfurrent  is  from  zinc  to  copper  within,  and  from  copper  to  zinc  without,  as 

a  presented  by  the  arrows,  fig.  10,  it  follows,  that  when  rightly  construct- 
,  the  copper  end  is  positive,  the  zinc  end  negative.  The  addition,  by 
Volta  and  his  imitators,  of  two  useless  plates,  as  above  staled,  has  led  to  a 
general  impression,  that  the  true  zinc  end  of  a  series  is  positive,  and  the 
true  copper  end,  of  course,  negative,  contrary  to  the  real  state  of  the  case. 

855.  I  consider  the  original  pile  of  Volta,  and  every  other  modification 
of  the  voltaic  battery,  as  consisting  of  a  series  of  elementary  batteries,  each 
•lone  competent  to  supply  a  galvanic  current,  and  to  the  accumulated 
powers  of  which  the  energy  of  the  whole  is  due.  But  such  batteries  do  not 
severally  consist  of  the  two  plates  of  metal  which  are  in  contact,  or  united 
by  a  wire  or  strap,  but  of  two  plates,  forming  a  triad  with  tbe  interposed 
exciting  liquid.  But  if  such  a  pile  consists  of  such  triads,  making  the  base 
negative,  we  must  begin  the  pile  with  zinc,  and  of  course  terminate  it  with 
copper. 

856.  Since,  when  a  wire  or  strap  is  made  to  proceed  into  a  liquid,  from 
the  copper  plate  really  forming  the  positive  or  delivering  end  of  the  series, 
it  occupies  the  place  which  a  zinc  plate  would  occupy  in  the  next  additional 
odi  in  the  couronne  des  tasses,  or  Babbington's  apparatus,  were  the  series 
extended,  Danicll  designates  the  surface  of  such  a  wire  or  strap,  as  the 
**zincode."  This  appears  to  me  objectionable,  since  it  tends  to  produce  a 
narrow  association  of  a  general  property  with  a  particular  metal.  Though 
it  may  be  truly  alleged,  that  the  zincode  occupies  the  place  which  the  ge- 
nerating metal  zinc,  would  occupy ;  yet,  nevertheless,  it  does  not  act  as  a 
generating  metal.  It  does  not,  like  the  preceding  zinc  plate,  contribute  to 
the  current. 

857.  Faraday  has  proposed  to  call  the  poles  of  the  voltaic  series,  elec- 
trodes, from  •/•< ,  a  way,  and  electron ;  the  sectional  polar  areas  thus  desig- 
nated, being  the  passages  through  which  the  electricity  is  assumed  to  flow 
into  or  out  of  the  series  when  the  circuit  is  in  operation.  Supposing  the 
wires  of  the  series,  those  of  fig  9,  for  instance,  to  be  introduced  into  water* 

c 
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SO  aa  to  take  a  portion  of  this  liquid  into  the  circuit.  thM  end  of  th-  i<n  > 
atoms  of  water  which  touches  the  wire  proceeding  from  ttw  i^ppPT^asf 
the  liquid,  is  called  by  the  same  author  the  anode,  while  the  uclyv  mi 
the  row  in  contact  with  ihe  wire,  proceeding  from  iho  first  xiuc  jilaarak 
series,  is  called  the  cathodt. 

358.  In  order  to  understand  the  etymology  of  these  word*,  il  wit 
expedient  to  rel'er  to  the  fact  already  menlionod,  that  ttie  tin^odK  iw 
tends  always  to  take  a  position  at  right  angloa  to  ao  ek-ctrical  ciiimB 
the  induencB  of  which  il  is  sufficiently  exposed.  The  direrjion  of  thii* 
pass  needle  is  ascribed  to  such  a  current,  caused  I>y  tite  [im^ii  iwwi^fc 
aolar  heat  from  east  to  west,  consequent  to  tlio  diurnal  rotuii4jn(if  tlcaA 
Id  the  case  of  any  portion  of  the  crust  of  the  earth  sul>iucl«l  lo  the  tkiM- 
eleclric  currents,  originating  as  suggested,  the  fluid  will  cairr  fiMk 
cast,  or  where  the  sun  rises,  hence  aaodc,  from  «•«,  upwurdn,  •■'•ifct 
way.  Again,  the  fluid  passing  out  weniward,  wc  havn  cathodt,  Bi 
KUTK,  downwards,  and  lUf.  Il  follows,  that  any  mass  o{  liquid  <K  d 
body  mode  to  complete  the  circuit,  by  having  each  of  its  extrcimliCi  ii  ■ 
tact  with  the  ends  of  the  wires  fornting  ihe  electrodes  ofa  galraBoeMMI 
the  part  in  contact  with  the  positive  pole  will  be  the  anode,  wbtia  lh>  fk 
ia  contact  with  Ihe  negative  pole  will  be  the  cathode.  j 

359.  I  shall,  however,  continue  to  designate  the  poles  ai  thej  lanli^l 
heretofore  named,  using  also  Faraday's  new  appellation  (eleelrad^fe 
either.  Noad  has  judiciously,  as  I  think,  proposed  that  the  puoibfe  ydv 
designated  as  the  anelcctrode,  the  negative  pole  as  the  cathe4eclroilib       { 

360.  The  process  of  decomposition,  us  effected  by  tlie  vuliaic 
by  Faraday,  designated  electrolysis,  from  thctron,  and  Ivo, 
free  from  bondage.  A  substance,  susceptible  of  this  process,  is 
an  electrolyte,  and  is  said,  when  subjected  lo  it,  lo  be  clectrolyaed.  te^ 
meolary  constituents  are  culled  ions,  from  io,  lo  go.  T^at  which  il  cmIhI 
at  the  anode,  anelcctrode  or  positive  pole,  ia  called  oa  anion,  vUtil 
other,  which  is  evolved  from  the  cathode,  catheloctrode  or  negative  pk^ 
called  a  cation  or  cathion. 

361.  In  stating  the  dimeiisiotis  ofe  pile,  ii  is  most  coavcnicni  to  isettn 
the  size  of  the  pairs,  and  the  whole  numlier  associated  in  the  sem^  it 
Ihere  must  be  two  plates  for  every  triad,  this  mode  of  esiimatioa  ovaM 
error  in  fact,  however  it  may  tend,  when  unnoticed,  to  be  productive  cf* 
hypothetical  misconception.  In  the  voltaic  pile,  fig.  10,  the  ctecinMKpA" 
and  e lee tro-pasi live  metals,  copper  and  zinc  for  instance,  arc  tn  cmMI 
Hence,  there  is  no  necessity  forn  conjunelivc  wire  or  strap  loeiwUe  tff 
copper  of  one  triad  to  discharge  lo  the  zinc  of  the  other,  as  in  fiptrcsl*' 
Q.  I  hold  this  language,  under  the  imprcssioo  that  the  eletocotarv  l^ 
ries,  or  triads,  forming  the  scries,  consist  each  of  a  copper  and  :i*"  pJ« 
which  do  not  touch  or  communicate  olhtririsu  than  tkrotigk  the  liquid,  r ' 
of  those  which  are  in  conflict  as  in  the  pile,  or  connected  bv  a  »ite  ij  ^ 
the  oouronnc  des  tosses,  fifjuro  9. 

„._  ,.  '-idi.  Soon  after  the  pile  and  the  courooiK  « 

tasscs  wero  inventeil  bv  Volta,  another  form  >t"  IK 
voltaic  series  was  contrived  by  Cruikshank.  oo'  * 
the  most  distin^uishL-d  chemists  of  his  time.  •-' 
this  llfiure  I  1  i>  a  P-pn-^-Tilnliin  :  usuallv  il  »  *■ 
signnti'd  n-:  l\„-  (■riuksli:iLik  trough.  Tbi-  jia:r>  - 
this  npparnlii.-  I'l.iisisi  of  a  ziiic  and  cop|»T  plan  ■; 
bitiiilnr  dimensions,  united  so  as  to  bring  their  frt' 
resjMJiiding  surfaces  In  contact  throuf^houl.    Ek: 
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|Mur  forms  one  partitioo,  consistiiigy  on  one  side,  of  copper^  on  tbe  oCher*  of 
sine*  The  partitions  thus  formed  being  inserted  in  an  horizontal  trough, 
luiTe  between  them  interstitial  cavities  for  holding  the  acids,  and  which  con* 
jjoquently  perform  the  office  of  the  cloth  in  the  voltaic  pile.  Of  course,  the 
metals  must  be  in  the  same  alternate  order  as  in  the  pile.  The  right  side 
.of  the  partitions  being  all  of  one  kind  of  metal,  those  on  the  led  must 
[M  be  of  the  other:  so  that  looking  down  at  the  trough  obliquely  from 
one  end,  we  see  none  but  copper  surfaces ;  when  looking  from  the  other 
cad,  we  see  none  but  zinc  It  is  better,  however,  to  have  an  extra  copper 
plate  at  each  end,  to  which  to  solder  the  rods  or  wires  employed  to  cqmmu- 
nkate  the  galvanic  current,  or  to  act  as  the  electrodes.  These  plates  should 
be  attached  severally  to  the  pieces  of  board  forming  the  ends  of  the  troush. 
This  successive  alternation  of  copper  and  zinc,  or  any  other  masses  havmff 
a  similar  efficacy,  whether  organic  or  inorganic,  I  shall  designate  as  9o£ 
late  order^  being  that  which  is  essential  to  any  modification  of  what  we 
call  the  voltaic  series,  whether  natural  or  artificial. 

863.  The  analogy  between  the  Cruikshank  trough  and  the  pile  must  be 
evident,  since,  if  we  place  the  trough  upright,  and  after  filling  the  ceils  be- 
tween the  pairs  with  moistened  cloth,  remove  the  wood,  we  uudl  have  the 
Toltaic  pile  in  the  form  of  a  rectangular  prism. 

864.  The  trough  of  Cruikshank  has  great  advantages  over  the  pile,  or 
tbe  couronne  des  tasses.  As  the  energy  of  the  current  diminishes  with  the 
sictivity  of  the  acid,  and  this  is  lessened  in  abundance  and  strength  by  re- 
action with  the  zinc,  tbe  quantity  which  can  be  held  by  the  clo&  is  soon 
exhausted ;  and  although,  in  the  couronne  des  tasses,  the  supply  of  acid 
was  as  much  too  great,  as  in  the  pile  it  was  too  small,  the  plates  could  not 
be  kept  parallel,  nor  sufficiently  near  without  liability  to  touch  each  other. 
In  the  trough  there  was  an  abundance  of  acid,  and  the  plates,  however  an* 
proximated,  were  secure  from  contact:  moreover,  the  Cruikshank  trougn, 
as  since  modified  by  me,  in  order  to  comprise  an  equivalent  degree  of  dS&* 
cacy,  need  not  occupy  a  tenth  part  of  the  space  required  by  the  couronne 
des  tasses.  Again,  the  contact  is  immediate  and  more  efl^ual  between 
the  zinc  of  one  pair,  and  the  copper  of  another. 

865.  The  direction  of  the  current  in  the  trough  is  indicated  by  the  ar« 
rows  in  the  figure.  It  will  be  observed,  to  obey  the  general  law  of  the  cir* 
eolation,  as  already  mentioned,  it  proceeds  from  zinc  to  copper  within  the 
liquid,  and  from  copper  to  zinc  through  the  wire. 

866.  The  analogy  between  Babington's  apparatus,  fig.  12,  and  the  cou- 
ronne des  tasses,  is  as  great  as  that  which  has  been  shown  to  exist  betwe^i 
the  trough  of  Cruikshank  and  the  pileof  Volta;  the  superiority  of  the  appa* 
ratus  of  Babington  over  the  couronne  des  tasses,  being  equally  striking. 

Pj    j2  367.  In  Babington^s  apparatus,  a  trough  of  poroe* 

^  m    «   ■    •  *    ^  ^^^^  ^^  ^  constructed,  as  to  have  in  it  partiticms  of  the 
^BBHSBF^  same  material,  dividing  the  interior  into  ten  or  more 
^^^^^^^1       cells  of  a  rectangular  shape.     With  a  view  to  eco- 
IPmPPI^^       nomy  both  of  the  sheet  metal  employed  and  space,  the 
^^^^^^^^  plates  are  made  also  of  a  corresponding  rectangular 
^^B^HHHH  shape.     We  have  seen  that  in  the  pile,  and  in  tbe 
^^^^^^^B^H  Cruikshank  trough,  the  triads  communicate  by  direct 
^^^^^^^^^r  contact.     In  the  apparatus  of  Babington,  a  communi- 
cation between  them  is  established  by  straps  of  cop- 
per, which  serve  also  to  attach  severally  to  one  beam  each  couple  appertain- 
lOg  to  one  trough,  so  that  they  may  be  simultaneously  introduced  into  or 


remorad  from  the  cells.  By  these  b 
cause  the  reaction  between  the  plates  A 
minute  with  greater  conveniency.  It 
UDiJer  consideruiion  formed  with  poroel 
the  tumblers  of  the  couronne  des  tussa 
wires,  and  square  plates  for  disks.  Tl 
virtually  a  couronne  dea  tassea,  very  . 
convenience,  and  efficacy. 

368.  The  great  apparatus  of  Davy 
troughs  often  pairs  each,  upon  Bahing 
two  thousand  triads. 

369.  Subsequently,  agreeably  to  the 
paratus,  othcrwJMi  constructed  like  th 
rounded  by  copper,  contact  being  prevt 
of  the  zinc  was  conceived  to  be  increai 

370.  The  celebrated  apparatus  of  CI 
taston's  plan;  it  consisted  of  twenty  p 
copper  coupled  by  a  metallic  strap,  ai 
each  pair  was  situated  between  the  two 
sured  six  ft-et  by  two  feet  eight  inches. 

371.  Subsequently,  adopting  the  san 
respects  surrounding  the  zinc  hy  coppei 
dred  pairs,  in  which  the  vertical  edge 
cof^r,  instead  of  the  upper  and  lowe 
importance  in  diminishing  the  necessi 
thus  constructed  were  separated  by  ve 
not  insulated  nny  furrher  ihan  as  copp 
larily  on  whirh  vnljaic  action  depends. 
the  arrangement  of  my  apparatus,  was 
throw  the  whole  of  the  acid  chi  or  olTol 


"  The  opinioiti  of  Fatidsy  respecting  tlie 
bo  found  in  Ihe  following  olistract  rppiiblii 
Sciences.  They  arc  preceded  by  the  follow 
euished  editor  of  Itiat  Jonrnnl.     See  Vol.  X: 

"  An  aecounl  wss  given  in  this  Journ.il  ( 
luine  :l)  by  Dr.  Hare,  of  his  gnlvanie  aeStagi. 


Dr.  Har 


1  llieir 


with  H 


'  nddii; 


tha  allcgnlionfl  of  llie  ii 
Haro'a  memoirs  and  ours,  witli  enj;r.-ivings, ' 
aophy  and  I'hilosopliieB]  Magazine,  London, 
tors  were  imitated  in  Europe,  the  old  and  in 
ral  use.  It  is  satisfiLctory  lo  finil,  from  the 
Pnrtidiij,  that  Ihc  courco  of  liis  inccstigatin 
dnflagratoT  of  our  countryman  at  Iho  most  e 
quote  Iboao  passages  of  Mr.  Faraday'B  paper 
tend  lo  jUBtify  our  stntement. 

•'  The  advantages  of  this  form  of  Irougti  n 

more  llian  three  feet  in  1en!;t]i.  '2d.  Ity  Ur. 
upi>n  ciijiper  pivots  which  rest  upim  ci>p|u'r  l> 
tjonn;  nnd  those  I  Laro  found  it  very  r-mvei. 
<:iiry,  fantcned  in  Iho  front  of  llie  stand  nftlit' 
give  Ihc  groat  .idv.intnge  of  nrrnnaing'  an  .-ipp 
battery  Ufart  tha  latlor  is  put  into  aetinn.     :t 


single 


ich  plmea.     4th.  On  i 
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972«  It  was  the  powerofsimaltaneouBly  lowering  or  ItfUng  all  the  plates 
attached  to  a  beam,  that  caused  a  preference  to  be  given  to  the  apparatus 
of  Babington's  construction,  over  that  of  Cruikshank.  Yet  as  it  was  (bund 
expedient,  by  Davy  and  others,  to  attach  no  more  than  ten  couples  to  a 
beam,  the  object  of  an  instantaneous  and  simultaneous  immersion  of  the 
whole  series  in  the  liquid,  or  that  of  its  extrication  therefrom,  could  not  be 
efiected  conveniently  upon  the  Babington  plan. 

373.  I  succeeded  in  this  object  by  various  constructions,  which  I  have 
designated  generally  as  galvanic  deflagrators.  It  may  be  inquired,  in  what 
respect  do  series  thus  constructed  so  much  difier  from  others  as  to  deserve 
a  peculiar  name?  The  reply  is,  that  in  voltaic  series,  as  employed  by  its 
inventor,  and  as  used  by  all  sul^equent  operators,  the  plates  were  necessa* 
rily  subjected  to  the  exciting  reagent  in  the  first  instance,  the  circuit  being 
completed  by  a  communication,  subsequently  made,  between  the  electrodes. 
la  that  construction,  to  which  I  give  the  generic  term  deflagrator,  the  cir- 
cuit may  be  completed  by  the  simultaneous  exposure  of  the  whole  series  of 
plates  to  the  exciting  reagent,  either  simultaneously  with,  or  subsequently 
to,  the  completion  of  the  rest  of  the  circuit. 

374.  Turner  alleges,  that  an  advantageous  variatkm  of  this  contrivance 
was  made  by  Mr.  Hart,  of  Glasgow,  by  which  the  copper  was  formed  into 
a  hollow  parallelepiped.  This  constructioa  was  resorted  to  by  me  as  early 
as  the  year  1822,  but  not  finding  it  as  cooveoieot  for  filing  and  emptying 


ler  of  a  reyolation,  it  beeomM  active,  and  the  gfsaft  sdvaattfi  is  obtaiaed  of  pro- 
Bnring  for  the  experiment  the  eiB»et  of  the  jtrjl  eenlseC  of  tiis  sme  tad  aetd,  wUea  ie 
twice  or  loiiietinies  eyen  thrice  thai  which  the  battery  eaa  pfodoes  a  nhurts  or  two 
after.  6th.  When  the  experiment  ii  completed,  the  acid  eaa  be  at  oaes  poosed  firoro 
between  the  plates,  so  that  the  battery  ii  neyer  left  to  waste  dnilBg  an  anconnected 
state  of  its  extremities ;  the  acid  is  not  nnneceaearily  ezhaosted;  the  sine  ie  not  nse- 
lenly  coniamed ;  and,  betides  avoiding  these  evifs,  the  charge  is  mixed  and  ren- 
dered uniform,  which  produces  a  great  and  good  result;  and,  upon  proceeding  to  a 
second  experiment,  the  important  effect  ot  frtt  eoniaet  is  again  obtained.  6th.  The 
SATing  of  zinc  is  very  great.  It  is  not  merely  that,  whilst  in  action,  the  tine  per- 
fbrms  more  voltaic  duty,  but  all  the  destruction  which  takes  place  with  the  ordinary 
forms  of  battery  between  the  experiments  is  prevented.  This  saving  is  of  such  ejE- 
lent,  that  1  estimate  the  sine  in  the  new  form  of  battery  to  be  thrice  ae  effiMthre  wm 
that  in  the  ordinary  form.  7th  The  importance  of  this  saving  of  metal  is  not  merely 
that  the  value  of  the  zinc  is  saved,  but  that  the  battery  is  much  lighter  and  more 
manageable ;  and  also  that  the  surfaces  of  the  zinc  and  copper  plates  may  be  brooght 
much  nearer  to  each  other  when  the  battery  is  constructed,  and  remain  so  until  it  is 
worn  out :  the  latter  is  a  very  important  advantage.  8th.  Again,  as,  in  consequeaes 
orif  the  saving,  thinner  plates  will  perform  the  duty  of  thick  ones,  rolled  sine  may  be 
used ;  and  1  have  found  rolled  zinc  superior  to  cast  zinc  in  action ;  a  snperiority 
which  I  incline  to  attribute  to  its  greater  purity.  9th.  Another  advantage  is  ob- 
Inined  in  the  economy  of  the  acid  used,  which  is  proportionate  to  the  diminution  of 
the  zinc  dissolved.  lOth.  The  acid  also  is  more  easily  exhausted,  and  is  in  such 
■mall  quantitv  that  there  is  never  any  occasion  to  return  an  old  charge  into  ose. 
8uch  Old  acid,  whilst  out  of  use,  often  dissolves  portions  of  copper  from  tlie  black 
llocculi  usually  mingled  with  it,  which  are  derived  from  the  zinc:  now  any  portion 
of  copper  in  solution  in  the  charge  does  great  harm,  because,  b^  the  local  action  of 
the  acid  and  zinc,  it  tends  to  precipitate  upon  the  latter,  and  diminish  its  voltaic  efB- 
eaey.  11th.  Bv  using  a  doe  mixture  of  nitric  and  sulphuric  acid  for  the  charge,  no 
gas  is  evolved  m>m  the  troughs ;  so  that  a  battery  of  several  hundred  pairs  of  platee 
may,  without  inconvenience,  be  close  to  the  experimenter.  12th.  If,  ouring  a  seriee 
of  experiments,  the  acid  becomes  exhausted,  it  can  be  withdrawa,  and  replaced  by 
other  acid  with  the  utmost  facility  *,  and  after  the  experiments  are  concluded,  the 
great  advantage  of  easily  washing  the  plates  ie  at  command.  And  it  appears  to  me, 
that  in  place  of  making,  under  different  circumstancee,  mutual  sacrificee  of  eonrfhrt, 
Bower,  and  economy,  to  obtain  a  desired  end,  all  are  at  oaee  obtained  by  Dr.  Hare*a 
RNrm  ev  troagh.' 
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as  other  constructions,  the  parallclopipeds  were  laid  asi<]c,  anduecli 
my  liJwraiory. 

37S.  I  shall  introduce  into  ao  appendix,  engravings  and  Heaeiifl^i 
aeveral  forms  of  voltaic  series  to  which  I  successively  resorted.  TV  a*- 
atructioa  to  which  1  have  finally  given  preference,  id  that  of  a  CratrtiM 
trough,  so  modified  as  to  increasB  iLs  power,  to  enable  it  to  act  uti^ 
grator,  and  render  it  possible  to  scrape  the  plates." 

"  Eng^aalng  and  Dneription  of  a  Difiagrator  of  Tmt  Hutiirai  Pain  tf  Fi^ 
laeliH  try  Sercn  anil  a  hrUf,  being  oaf  of  Uif  Members  of  a  Pair  tf  TVMyit*,  M^ 
tht  wnit  tizt,  and  tehich  mag  bt  lued  collaterally  or  cotUKMlirttg. 


T\a.  13  represent!  i  d  flavra 
abank  plnn,  joined  1     g    w  dg 


ends,  any  Hiiiil  n-hich  n 


tl  be  in^lai.l 
Id  of  ir 


fd  Willi  b 


len  liable  la  oildizement.  A  i 
of  Iho  pivotH,  and  tlio  (ralvniii 
tweon  one  trougli  or  lliis  descripium  anu  an:itiicr,  ii  IJ  imiy  iicccsairv  lo  all  <r 

the  other  end  or  a  glrap  of  ilicet  copper.  To  coiinuct  with  (he  tprniinal:''ii 
Mriea,  the  tcadon  rode,  to  wliioh  are  soldered  thevicci,  or  aprini;  f^ircepa.  f.ir  :i 
the  substanceii  to  be  exposed  lo  llio  doflagraling  power,  one  ciiil  oi'  each  uf  t> 
rodi  is  aoldersd  to  a  piece  of  sheet  coppur.  Tlie  pieces  ul'  copper  thus  soldi 
the  lead  rods,  arc  then  to  ho  placed  under  the  pivola.  which  ar«,  uf  courw.  to  ! 

nienttj  made  by  means  of  stragu  of  copper,  severally  luddercd  to  the  pivots,  i: 
poles  of  the  aeries,  and  screwed  together  bj  a  hand. vice.  Each  pair  con>;* 
copper  and  a  linc  plate,  soldered  tofrelher  at  the  up]H)r  pdiie.  uhcrc  llir  co 
made  lo  embrace  the  pdj-oot' Hie  zinc.  The  tliree  remaining  cd);-«  .ire  mide  r 
a  groove  in  tlie  wood.  Fur  each  inch  in  the  length  of  the  itou:;h  there  ir* 
pairs.  In  the  series  repruscnlod  by  Hg.  M',  Ilicre  are  one  hundred  p»r«  •->!' 
Iburteen  by  aoven  and  a  hairinches. 

The  pair  of  troughs,  forming,  when  aaaoeialod,  a  single  detlagralot.  ,.(  ahi. 
is  reprBBontcd  by  fig.  13,  may  be  employed  either  by  cunnccling  Uiem  at  iheit 
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}f  the  different  Modes  in  which  the  Power  of  a  Galvanic 

Battery  may  be  augmented. 

376.  Obviously  there  were  two  modes  in  which  the 
ower  of  a  galvanic  battery  could  be  augmented;  one  was 
[lat  of  increasing  the  size  of  the  plates  of  each  pair,  the 
ther  that  of  increasing  the  number  associated  as  a  se- 
ies. 

377.  It  has  been  mentioned,  th^it  under  the  name  of  ca- 
>rimotor,  the  elementary  battery  or  galvanic  triad  (312) 
ras  first  made  of  gigantic  size  in  this  country  (324).  By 
Vollaston  it  had  l^n  tried  in  the  minute  form  of  a  silver 
[limble,  of  which  the  cavity  was  occupied  by  a  minute 
ylinder  of  zinc  surrounded  by  a  potent  exciting  liquid, 
n  the  calorimotor  the  number  was  reduced  to  unity, 
rhile  the  size  was  enormously  increased,  the  liquid  being 
ighly  energetic.  In  Davy's  pile  of  two  thousand  pairs, 
be  number  was  comparatively  very  large,  the  energy  of 
he  liquid  as  great  as  could  be  used  with  advantage.  By 
irassiot,  the  number  has  been  carried  to  three  thousand 
ve  hundred  and  twenty,  excited  by  a  liquid  of  no  higher 
nergy  than  river  water. 

378.  In  the  voltaic  series  thus  employed  by  Crosse  and 
vassiot,  we  see  that  the  number  of  the  triads  is  exceed- 
Qgly  large,  while  the  activity  of  the  liquid  is  brought  down 

•D«oiM  or  hatoroffenaouB  extremities.  When  connected  at  their  bomogeneou  endty 
ley  act  eoHateraUy  as  a  series  of  one  hundred  pairs  of  fifteen  bj  fourteen ;  when 
onnected  at  their  heterogeneous  extremities,  they  act  eonitcuUvdy  as  a  series  of 
iro  hundred  pairs,  each  fourteen  by  seven  and  a  half.  Of  course,  agreeably  to  the 
rst  mentioned  arrangement,  we  double  the  quantity,  the  intensity  being  unaltered: 
ccording  to  the  arrangement  last  mentioned,  the  intensity  is  dooblea  without  an 
Bcreaso  of  the  quantity. 

It  may  be  proper  to  mention,  that  these  Cruikshank  deflagrators  are  so  eon- 
tmcted,  as  that  tne  plates  may  be  scraped  after  each  operation.  Every  fifth  plate  ie 
emented,  so  as  to  form  a  watertight  partition.  As  the  plates  are  purposely  so  cut, 
s  to  lessen  in  width  from  the  upper  to  the  lower  edge,  those  which  are  not  cemented 
lay  be  easily  withdrawn  in  order  to  be  scraped.  But  the  withdrawal  of  every  four 
loveable  plates,  leaves  vacant  8paces  sufficiently  large  for  the  introduction  of  a  tool 
uitable  for  scraping  those  which  are  not  removable. 

A  battery  of  this  construction  was  made,  under  my  direction,  for  the  Lowell  Insti- 
dte,  consisting  of  four  troughs,  each  containing  one  hundred  plates  six  and  a  half 
aches  square.  A  piece  of  wooden  plank,  three  inches  wide,  tJiirtecn  inches  long, 
nd  two  inches  in  thickness,  is  so  bored  by  a  centre-bit  as  to  have  eight  cylindrical 
avities,  all  these  being  supplied  with  mercury.  By  means  of  ropes  of  copper  wire, 
he  various  portions  of  mercury  are  made  to  communicate  each  with  one  or  the  eight 
<d60  of  the  four  troughs.  Arches  of  stout  copper  wire  are  provided  of  difierent 
BOgths,  so  that,  by  variously  connecting  the  mercury  in  the  holes,  the  whole  may 
e  made  to  codperate  as  one  series  of  fonr  hundred  pairs  each  of  forty-two  inebee. 
no  series  of  two  hundred  pairs  of  eighty.four  inches,  or  one  seriee  of  one  hundred 
«in  of  one  hundred  and  sixty  .eight  inches  surface. 


to  a  minimum,  even  below  that  of  the  saliva  in  the  eswfr 
ment  with  the  tongue  (30G),  or  the  sanguineous  slime  of  ita 
frog  in  the  experiment  of  Galvani  (309).  But  in  tbe  a>- ' 
lumn  of  De  Luc  no  liquid  reagent  is  employed,  Bioceiti 
cannot  be  pretended  that  the  hygroraetric  moisture  of  ^ 
paper,  entering  into  its  construction,  exists  in  ibe  bail 
form.  This  series,  as  originally  contrived,  consiatoirfj 
disks  of  silvered  paper  alternated  with  disks  orztnca»diiu 
as  possible,  and  each  of  about  tive-cighths  of  an  indliu 
diameter.  An  analogous  scries,  devised  by  Zamlioni,Mfr 
sists  of  disks  of  the  same  size,  coated  on  one  side  wiiii  krf' 
tin,  on  the  other  with  a  paste  of  black  oxide  ofmanguMn 
and  sulphate  of  zinc.  According  to  Danieil,  a  sehes  m 
this  last  mentioned  construction  has  been  made,  CflM 
prising  20,000  pairs,  respecting  the  powers  of  wluch  ■ 
account  will  be  given  in  due  course.  ' 


Engraving  and  Description  of  the   Electric  Columnar  Apparabu  tf  tt 
Luc,  at  modified  by  Zambonu 

*■"■  '*■  379.  or  an  apparatus  of  llw  ilMij 

mentioned  conai ruction,  ibe  ■djoM^ 
figure  is  a  representation.     It  coMtfF 

by  a  piate  of  zinc  The  lettcn  P  f, 
show  the  ends  (ortaiag  ifae  pvl>* 
poles,  while  N  n  inilicaie  thoM  fi<f» 

ing  ihe  noRDtivo  poles.  The  atici'  * 
one.  and  ihc  cJitho<Je  nf  the  other,  "•■ 
municnring  through  ihc  zinc  plaK.  t 
must  be  evident  ihnt  il>e  coliticn*  tit 
BO  arrongi'd  as  to  act  ooosecuiit'lj- 
(See  nolo,  page  22,  ad  paragnpS. 

3S0.  No  doubi  the  electric  wluraB 
owe  iheir  efficiency  to  that  electnw*- 
tive  process,  which,  in  other  a|>|ttra:'a> 
causes  an  electric  aecumulatHm  «  * 
eleclrodes ;  but  the  phenomena  atr  «,'• 
clly  those  of  elcclriciiy  ci«*i"l 


by  fric 

381.    When    the 


nppant.. 


il  b_v  Ihf  encravi 

■led,  il  pniiuccJ  >ivirk?  n*  ■.*.■■■; 
coninci  of  the  bells  \\'\th  the  pendulum.  Il  communicated  a  chon;'  '■  • 
small  coated  glass  cylinder,  sufficient,  in  p.issing  ihpough  the  ihuii:i'  -: 
finger,  to  give  a  shock  exiending  lo  the  wrist.  After  it  had  b-rn  (-■'■ 
strucled  for  more  than  (en  years,  when  warmed  il  would  cause  a  p-'li  ■'  ^ 
lo  vibrate  between  balls  severally  communicating  with  the  electrodes.    Ti*' 


^ 


ttOM  compriae  about  4S00  disks  of  tinned  paver, -costed,  on  Ibe 
naked  aide,  with  manganeae  and  sulphate  of  zinc.* 

,*  Ok  tta  Canitnitlim  of  Dt  luc't  Calitiiau,  at  mad^d  hy  Ztmiau;  mud  em  ■  MoM- 
'  JUmtion  rf  Iki  Single  Unf  EUaremtter  emtritud  iy  tlu  Aitivr,  by  wkitk  Utt  uttimalt 
i    ^kUntui^tlaTtttUttTitttntMmmut*uM!«rt»iiud,tuti§tiiit*twMf0ltiKi^lk» 


,  Abonl  fiftean  jean  ago,  the  ceiutnictian  of  D«  Loe'i  elMlrio  <tolainiu,  ■■  medL 
"M  bj  ZimboDi,  wu  andaiUkan  bj  Utith  Lnkana,  ods  of  onr  most  ■kiUol  and  i» 
ifmiMU  nwchMieiuM. 

Tbe  lutariili  emplojad  wm  paper  eoirared  with  laaf  tin  (arwoaooaly  oalM  ril- 
-vendpapet),  MroiidaoTauDniMaa,  and  eTTiUlliiad  iiilftlulaof  tin«. 
I;    Tbaparoiide  wai  flnaly  palrariiad  and  aiiad  witb  aconMnUaUdadnfiaaof  tlw 


The  mixtare  tliai  fonnad  ww,  br  maana  of  a  braah,  tpplM  lika  a  pif 
'hrtlwtia.    Tfaa abaaU wan afUnrwl 

]  laft  doiinff  tb*  ai|bt  to  diy.    Bj  iktm 

lifht  wai  BToidad,  which  Ht.Lakana  oonoMfN  to 


it  to  thaanrfaceaoTtha  paper  Doteoatod  tifUw  Ua.    The 
''     "         "  '        '       id  laft  doling  tb* 


n  (ha  floor  of  an  apartment,  and 
''Msaaa,  nnneceanr^  aipoaura  to  lifht  wai  aroidad,  which  HLliokana'a 

iMinJnnoaa.  eipeoiallj  aa  raceivaddiraotlj  ftom  thaaoa.    Reitda*Ib«L _      ___ 

•aaintodiikiorabont  fire^ighthi  inch  dJaDiator,bjnMaaa  of  a  bellow  paneh.  The 
■Caka  wen  then  piled ,  with  the  hetenweneona  Muftoaa  altomaliaf,  a*  in  othar  Tohaia 
l)Mti«a,  and  wen  iDlroduced  into,  and  aomprenad  within,  flaia  tubaa,  ■eaontrad  aa 
■aaal  with  pedaatala.  capa,  and  belli.  Natwithataoding  hli  aUll  and  aapsiianea,  Mr. 
Lokana  latUrlj  complained  of  occuionil  want  of  aoooaaa,  ariaing,  aa  ba  anppoaad, 
ftaM  the  dafoctive  quality  of  tba  mangueae.  in  Tariona  inatancea,  hia  odomna, 
aflar  lieing  conatnictad  with  the  Qtmoat  cva,  proTod  inarL 

Hm  manipulatioD,  likewiae,  accDrdiag  to  hia  plan  of  operatiDg,  appearad  to  ma  to 
ba  lioablaaoma  and  precarioaa.  He  waa  acciulomed  to  place  a  row  at  the  diaha,  aa 
larfeaa  could  be  con  Tenisntly  handled,  in  a  trosgbcuraliaet  metal,  and  thaalimDalar 
tba  pile  thua  foriDed  to  iha  gbaa  tabaa.    Tbia  opaidUon,  to  ba  aoeoeaaflil,  raqniiad 

In  Fabroary ,  1S33,  wiihlng  to  nplenuh  the  Inbea  of  a  pair  of  elaetrie  wAamaa 
which  bad  become  eflitto,  1  contrired  to  aroid  the  riak  of  azpending  tba  labonr  and 
atlantioo  raqoiaiu  to  finiah  a  lenei,  while  uncertain  at  to  ita  eTantnal  aSaiaaof .    1 
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Of  Grovti  Gas  Battery. 

3S2.  "  Id  the  L.  and  E.  Phil.  Hag.  for  December,  1849,  «  o 
dinary  and  perfectly  novel  voltaic  battery  is  described  by  ibe  inftaHbfcj 

1 
ooDttiTcd,  likewiie,  bv  a  Tery  simple  eipedieal,  to  ficiltlate  the  pi uonM af  |faffct 
di.ks.  ^  I 

The  first  mentioned  dealderalum  wu  obtnined  hj  meBni  of  s  nnele  \mtJfk\ 

knobs  at  the  ends  auverslly  ortwa  brau  rodi,  B  B.  proceeding  ilirix^b 
□r  the  vessel  luwnrda  ench  other,  la  oni  to  tie  CKpniiio,  if  requitils.  oStm 

■djuated  to  any  disUnce  from  the  gold  leaf  aufipended  betwern 
the  roda  aro  so  made  and  placed,  os  til  bo  easily  connected  wilfa  wins- 
leaf  thus  aitUBlad,  vibralionB  may  be  produced  by  a  leriei  of  disks,  en 
mora  thin  one-twuDtletb  of  (he  number  necsiaary  to  cause  such  a  peadi 
monly  pcrtnina  to  the  electric  column,  to  oacillale.  In  Iho  case  in  pi 
that  the  diekt  produced  by  one  sheet  of  paper,  were  saRicient  to  rnkt 
brate  actively  bc^lweea  the  linolia.  The  mode  in  which  itiia  effect  ir 
may  ba  undeiatood  from  Ihe  following  figure,  which  reprasenta  the  da 
pressed,  in  due  ottler,  within  a  gloss  lubo,  by  spirals  of  wire. 

Each  of  the  wires  of  which  theio  spirals  wore  formed  at  lb*  enda  n» 
tube,  being  unaltered  thiouglioul  the  Temiining  pnrttonaof  thair  bnglli, 
through  corks  cloaiiig  the  orifioes  of  (lie  lube,     Tho  s«riea  Iboa  prapaia^ 

Pij.  Ifl. 


placed  in  Ihe  sitaatinn  of  the  electriE  colnmn,  appended  t«  Uts  iiu 
to  fig,  15,  being  in  like  manner  euspaoded  from  the  rods  oDtaid*  of  tlis  T 
means  of  the  projecting  wires  already  mealioned.     Thua  ritualMl,  If  Oho*  teii 
adequate  degree  of  eleetramoliTe  power  in  the  seriea  luidar  trial,  and  tt 

■utBciently  dry,  Iho  oiciteinent  of  the  poles  will  be  commutiicaled  li>  il 

be  inilicotcil  by  the  conaoquenl  vibrolinns  of  llie  gold  Irarsuspc  nd»i!  bcl^wn  D«« 
When  a  larger  seripa  ie  used,  auoh  as  that  rriiresenttd  at  D  D.  lie    M  U-  '^^ 

or  the  other  of  the  knoba.'  This  adherence  iiauaJly  ceases,  on  louchm;  wiitisH* 
the  little  brass  ball  al  tho  vertex  ol  the  instrument,  to  which  ihe  forc^pa  h«4iH"' 
leaT  ia  affixed.     The  Rn);er  being  removed,  vibratory  pultationi  will  rrTfrnitrtT-i  ■ 

When  the  knolia,  U  B,  were  properly  connected  w>ih  tlie  poleaori  Tnltaic  tiMq. 
of  seven  hundred  pain,  excited  merel;  by  pun  ivnler.  iho  pulsxiiuiit  of  th«  Ws* 
quick  and  inceasniil.  1'hese  nuliationa  ma^  indicate  llie  electric  laten*!;.  Ml* 
not  furnish  any  criterion  of  the  divellent  igniting,  or  electro- magnetic  pa«ta'* 

It  may  readily  be  perceived,  that  the  eteclrn meter,  coastrucled  a>  karaa  * 
scribed,  constitutca  an  electrical  discriminator,  which  uay  enable  us  umnroni** 
electromotive  powers  of  various  aubalancea  arranged  aa  disks  in  a  acne*,  m  H^*' 
inga  to  disks.     I  have  already  ascerlaincd  that  aurum  musivuni,  sprvad  aa  IM  aiM 

The  piling  of  the  diaka  waa  facilitatod  by  using  a  punch  excavated  bd  M  M  1«* 
a  point  in  the  centre,  by  which  tho  ocnlro  of  each  disk  wis  punclutrd  ftj  ■*« 
of  the  puncture  thus  made,  if  was  ensy,  oven  lor  an  unakilful  oMralac,  tm*^ 
them  concentricuUy  upon  a  silk  thread,  and  to  transfer  tlieui  tu  Um  tutaa  ■ilM' 

The  manganess  which  I  employed  with  succeti.  in  the  roplcnistinifnl  tt'^^ 
I  nlluilcd  to  above,  consiited  mainlv  of  nesdle-ihapcd  ndiaUd  iii<«> 
; —  1 ...    I..1. II ,  \,„,   ,,,,  cry„alti„4  nwaOMW  M 
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hofve.    It  ooositts  of  a  series  of  fifty  pain  of  platmiaed  platinain  pbtes, 
•ch  about  a  quarter  of  an  inch  wide,  eodooed  in  tubes  partially  fiUad,  al« 

r< 

r 


■,; 


♦W/ 


lemately  with  oxygen  and  hydrogen  gases,  as  shown  in  fig.  17.  ttm 
lobes  being  char^  with  dilute  sulphuric  acid,  sp.  gr.  1J8,  the  following 
eftcts  were  produced : — 

^'Ist.  A  shock  was  given  which  could  be  felt  by  Bve  persons  joining., 
hands,  and  which,  when  taken  by  a  single  person,  was  painfuU 

**3d.  The  needle  of  a  galvanometer  was  whirled  round*  aijMl  stoa^lH 
about  60^;  with  one  person  interposed  in  the  circuit  it  stood  at  40*»  ii^ 
was  slightly  deflected  when  two  were  interposed.  **        .    -■ 

^dd.  A  brilliant  spark,  visible  in  broad  daylight,  was. given  bdweeo 
diarcoal  points. 

**4th.  Iodide  of  potassium,  hydrochloric  acid,  and  water  acidulated  with 
sulphuric  acid,  were  severally  decomposed :  the  gaseous  elements  from  tha 
deoomposed  water  were  extricated  in  sufficient  quantity  to  be  collected  and 
deCdbated.  They  were  evolved,  as  chemical  theory  and  experience  would 
indicate,  the  hydrogen  at  the  anode,  the  oxygen  at  the  cathode.    It  was 

may  tenra  to  ihow  the  nttara,  as  wall  ai  the  extent  of  electric  ezcitement;  tines, 
wfaien  an  electrified  man  ii  made  to  commanicate  with  the  braM  ball,  A,  horn  which 
tba  leaf  is  saipended,  the  latter  oaifht  to  be  attracted  by  that  knob,  which  reeeivss 
ftom  the  series  an  opposite  eiciteroent.  Hence,  the  excitement  of  the  electrified 
body  being  known,  that  of  the  poles  may  be  detected :  or  the  latter  beiny  known, 
tha  ezcitement  of  the  body  may  be  discovered.  This  application  of  the  electrio  ss- 
fiat  is  not,  however,  a  new  idea.  I  saw  many  years  ago  a  notice  of  an  electronetsr, 
ssMciated  with  an  electric  column,  in  such  manner  as  to  be  used  as  an  electrical  dis. 
ariminator. 

The  great  difficulty  in  resorting  to  this  means  of  discrimination  is,  that  an  elec- 
trified body  may,  by  induction,  produce  in  a  conductor  alternately,  opposite  states  of 
•l«etrical  excitement.  As  it  approaches  the  conductor,  it  may  cause  it  to  receive, 
ar  give  out  electricity;  of  course,  when  retracted,  the  conductor  will  have  the  oppo- 
■ita  excitement  to  tliat  consequent  to  approzimation.  Supposing  the  brass  ball  of 
tha  electrometer  in  question,  to  be  affected  in  the  mode  just  described,  the  leaf  soe- 
p«nded  from  it  must  be  successively  attracted  by  each  pole.  Besides,  the  excite^ 
■Mot  may  be  so  strong,  as  to  render  that  of  the  scries  nugatory ;  as  in  the  case  of  a 
yawerfol  ma^et,  which  will  attract  either  pole  of  a  feeb^  one. 

The  direcUon  of  the  first  pulsation  of  the  leaf  is  the  best  criterion ;  bat  rellaaea 
riboald  not  be  accorded  to  one  experiment,  especially  when  so  easily  repeated.  I 
§md  that  a  gilt  pith  ball,  if  suspended  in  place  or  the  leaf,  will  vibrate  for  a  time.  It 
ia,  lM»wevtr,  like  the  leaf,  liable  to  have  its  movemaBts  arreeted  by  an  adhareaet  to 
mm  m  otkar  of  the  knobe. 


fowd,  that  10  deeompoap  water,  twmty-aix  pain  wete  nqjMil^bai 
four  pain  would  decompoae  iodide  of  potasnum. 

"6lh.  A  gold  leaf  electroscope  was  perceptibly  afiected. 

383.  "When  the  lubes  wcrecharged  with  alinospberic  air,  »>(fcia 
producf^,  nor  was  an^  current  delermiited  when  the  g«MS  trnptoH" 
carbonic  ncid  nnd  nitrogen,  or  osygca  and  nitrogen, 

384-  "The  original  ouperimeni  was  not  made  wilh  sufficiml  ram 
to  show  with  accuracy  the  proporlionnl  diminution  of  gn«  to  tnriri 
though  it  was  plain  thai  the  hydrogen  diminished  mucti  more  raptjffe 
the  oxygen." 

385.  The  electrodes  are  represented  as  lermioating  id  tube*  IcctaH 
the  gaseous  elements  of  water,  evolved  by  the  elcctrolylie  pcrararrfl 
same  elements,  under  the  electro- polarizing  influence  of  p' 


Of  the  Eleeti-olytic  Proeeti  by  tchich  the  GaloaH^-Ettetne  OnUl 
propagated  within  Liquid  Reagent*. 
886.  Before  giving  an  account  of  these  forms  of  the  galrsne  md4 
which  more  than  one  chemical  reagent  is  employed,  it  may  be  (sptAi 
enter  more  fully  into  the  rationale  of  that  port  of  the  galvanic  pfoaa 
which  the  electric  fluid  is  supposed  to  be  transferred  from  the  sac  11 
copper,  through  the  exciting  liquid.  ' 

387.  Faraday  assumes,  that  the  fundamental  cause  of  the  bjdro4| 
cal  current,  or  that  produced  by  the  reaction  of  mctaU  with  lM|mi,)H 
mical  affinity  between  one  of  the  metals  employed  and  an  iacRiH 
some  electrolyte  contained  in  the  liquid,  and  thnt  the  coaibuaDoa^ 
atom  of  (he  metal  with  an  ingredient  atom,  taken  from  the  lK)UMl(lienl 
causes  an  equivalent  discharge  ofelectricity  from  ihe  atom  ao  uksT' 

388.  Thus,  when  zinc  combines  with  the  oxygen  of  water,  fnfta 
the  part  of  an  electrolyte,  a  discharge  of  eleclricily  from  ibe  atom  tti 
gen  is  a  necessary  consequence.  Hence,  in  some  cases,  ait,  for  mm 
thit  of  pure  zinc  exposed  to  dilulC'd  sulphuric  acii!,  unb-ss  th*-  rvvu  •« 
charge  be  facilitated  by  contact  with  a  metal  not  capable  of  comhininp 
oxygen,  no  combination  ensues.  But,  under  the  same  cirrumstawr^ 
while  the  oxygen  of  the  liquid  is  attracted  by  zinc,  the  liquid  be  in  o.-r 
wilh  a  plate  not  liable  to  be  oxidized  by  it,  the  discharge  ofelt^irii-.iv  = 
oiliiated,  as  soon  os  a  conductin<{  communiciiiiL.n  is  established  betuwc 
metals.  He  supposes  a  series  ofdecomposiiicms  nnd  recomr>ositi.-)ns  m 
place  within  a  row  of  the  panicles  of  water  lyinij  between  the  zinc  aoJ 
per  surfaces,  so  that  the  atnm  of  oxygen  next  the  zinc  siiniice,  uni'in; 
an  atom  of  ihis  metnl,  dischar;;e3  its  eleclricily  to  the  next  atom  .M  hi 
gen,  which  unites  with  I  he  oxvgfn  of  the  ni'Xl  atom  of  wnrer.  But  :n  > 
this,  it  causes  the  transfer  of  ils  elr^clriirily  to  ihc  ihinl  ntoui  of  h\  r-n 
This  process  being  repealed,  an  .ilum  of  liydro^'.-n  surchargf^  »iih  f 
city,  is  evolved  against  the  eopjier  surface.  1  lerice  ihc  surcharge  »■'<:■. 
by  the  copper  goes  through  the  conncctinj;  wire,  to  restore  ih-'  f -'"t 
tension  within  the  zinc  which  the  chemical  reaciiun  tends  to  diiri..'.^ 
above  stated.* 
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n  989.  The  id  a  t       the  i  se  of  h:    rogen  at  one  electrode,  and 

iKygsn  at  the  omer,  is  ine  eneci  oi  a  of  decompositions  and  recom* 

Biositions,  as  above  stated,  was  oi  i^       )     ted  by  Grothus,  as  account* 

r.ng  for  the  fact,  that  the  extrication  oi  hyar  n  and  oxygen  from  electro- 
iTsed  water  does  not  take  place  at  t  ^       >t.     It  had  been  objected 

imt  it  was  inconceivable  that  the  ems  oi  w;      ',  arising  from  the  de- 

composition of  a  succession  of  atoms  of  this  liquid,  could  be  severally 
itroived  at  the  distance  of  some  inches  from  each  other. 

^  

,.  890.  In  the  last  edition  of  my  Treatise  on  Galvanism,  afler  having  cited 
Ibe  electrolytic  theory  of  Faraday,  (366,  387,)  I  subjoined  the  following 
iiDuirks: — 

391.  Whatever  may  be  the  source  of  the  imponderable  matter  which 
lOirculates  in  voltaic  series,  I  infer,  that  its  confinement  within  the  circuit, 
and  its  endowment  with  an  ability  to  pass  over  an  interval,  or  to  penetrate 
ftfarough  imperfect  conductors,  must  be  due  to  an  influence  of  the  masses 
ooooerned,  which  has  not  as  yet  been  satisfactorily  explained. 

892.  Probably  upon  an  analogous  ability  to  produce  or  annul,  to  pro- 
Biote  or  retard,  chemical  reaction,  the  efiicacy  d[  animal  and  vegetable  or* 
ganization  is  founded,  being  obviously  dependent  on  an  arrangement  of 
■MMses.  The  voltaic  series  of  a  gymnotus  is  evidently  an  animal  organ, 
and  its  analogy  with  the  voltaic  series,  produced  by  human  ingenuity,  in- 
dnoes  me  to  consider  the  latter  in  the  same  class  of  agents  as  the  organs  by 
wbich  life  is  supported. 

393.  The  opinions  thus  expressed  by  me  have,  I  think,  found  much  to 
justify  them  in  the  facts  established  by  means  of  Groves*  gas  battery*  In 
that  apparatus,  a  portion  of  hydrogen  performs  the  part  of  sine,  while  ozy* 
gen  performs  the  part  of  copper  (314).  These  gases  exercise  chemical 
affinity  neither  with  water  nor  with  platinum.  An  electro-polarizing  reae- 
tioo  with  the  platinum  is  evidently  the  only  imaginable  cause  for  the  union 
of  an  atom  of  gaseous  hydrogen  with  the  oxygen  of  wster,  at  one  of  the 
terminating  surfaces  of  that  liquid,  while,  analogously,  an  atom  of  gaseous 
catygen  combines  with  hydrogen  at  the  other  aqueous  surface. 

394.  It  appears  to  me,  that  precisely  the  same  change  must  ensue  in  the 
electro-polarity  of  the  gaseous  atoms  during  this  electrolytic  process,  as 
when  a  mixture  of  the  gases  employed,  is  made  to  combine  by  the  presence 
of  platinum  sponge. 

895.  Rut  whatever  may  be  the  rationale,  the  phenomena  of  thb  gas  bat^ 
tery,  as  well  as  those  previously  used,  all  tend  to  confirm  the  fact,  that  what 
is  called  the  electric  current,  in  its  passage  in  a  galvanic  triad  from  the  elec- 
tropositive surface  to  the  electronegative  surface  through  the  liquid,  is  inse* 
parably  associated  with  a  series  of  decompositions  and  recompositions. 

396.  This  electrolytic  exchange  of  partners,  in  rows  of  atoms  which, 
within  the  battery,  appear  to  be  concerned  in  the  generation  of  the  current, 
seems,  externally,  to  be  one  of  its  efiects;  so  that  the  evolution  of  the  ele- 
ments of  an  electrolyte,  severally  at  the  cathode  and  the  anode  (358),  are 
ascribed  to  a  series  of  decompositions  and  recompositions,  like  those  which 
accompany  the  generation  of  the  current. 

397.  The  impression  seems  to  exist  among  many  electricians,  judging 
firom  their  language,  that  the  elements  actually  travel  from  one  electrode  to 
the  other.  The  choice  of  the  word  ton,  from  to,  to  go,  (360)  is  in  thb  re- 
spect disadvantageous.  In  point  of  fact  there  can  be  no  such  locomotioo« 
Simultaneously  with  the  liberation  of  an  atom  of  each  ingredient  at  the 
poles,  the  residual  ions  in  the  electrolytic  row,  rearrange  themselves  so  as 


still  to  rorm  atoms  of  ihe  elwttolyle.  Of  coorae,  a  _ 
of  the  elecIrol>tic  utoinswill  be  simultaneously  decomposed,  oulof  hi 
rows  existing  in  dm^  contact  wilh  the  elcclroilt^  ;  but  it  ODOut  b>  M^ 
ably  supposed,  that  liitire  is  not  a  change  or  relative  posilion  looiai^lil 
to  permit  the  cloclrolylic  process  to  take  place  twice  ihmugh  fmadjM"- 
same  row  of  nlunis.  t'robably  the  loss  of  an  Btum  caa  Dr*iTamWf| 
the  interfioxiiimi  of  precisely  1  he  same  residual  Btoms  nliich  iMfccdll.^ 
once  logi.'ther  In  a  row  long  enough  to  lose  one  atom  from  kiBOMi* 
As  reasunsbly  might  n  sporismau  expect  to  find  in  a  numcmoi  mJ' 
IKMlli, 

MlivGMe 


birds  while  wheeling  about  him,  the  same  individuals  twice  in  a  lioe  vtlli  i 
resied  fowling  pifcc.  ] 

398.  Between  Ihe  galvanic  batteries  above  described,  in  whick  «il]W| 
liquid  is  employed,  and  those  coosinicted  with  the  aid  of  two  liqia'  "^^ 
cal  reagents  or  electrolytes,  as  in  the  case  of  the  aeries  of  Daaicll  a 
there  is  this  striking  diderence,  that,  in  the  requisite  seriet  (  '  * 
tions  and  rccompoaillons,  the  part  performed  by  hydrogeo  s 
positive  element  on  one  side  of  an  interposed  diaphragm,  is  uatbectkifl 
formed  by  copper,  nitric  oxUe,  or  some  otlicr  radical  more  rtwdy  A 
drogen  to  separnie  from  oxygen.  The  porous  diaplir^m  «Dak«)« 
phate  of  copper  or  nitric  acid,  presents  throughout  ibe  wbote  of  iHami^ 
oxidizing  surface  which  cooperates  with  the  oppostio  infiuesce  cf  ili  M 
oxidizing  zinc  lo  eHect  the  disunion  of  the  elements  of  water,  Henv  ill 
the  electrolytic  exchange  is  solicited  on  one  side,  by  Ihe  altradionofBM^ 
oxygen,  it  is  solicited  on  the  other  side  by  the  attraclion  bctwiiWD  h* '  '' 
andlheoxygcnof  the  other  eleettolyle  with  which  (hn  parrs  of  ihodiai 
are  imbued.  In  nitric  acid,  nitric  oxide,  acting  as  a  oompouad  radieali] 
forms  the  part  of  the  simple  radical  copper,  iu  the  oxide  of  thi* 
in  the  sulphate.  The  libciralion  of  one  atom  of  nitric  oxide,  at 
of  the  plaiina,  causes  three  atoms  of  oxygrin  to  be  yielded  to  tb« 
of  wuer  at  the  membrane,  more  readily  Ihao  on  stoni  of  ooonr,  < 
gously  liberated,  causes  one  atom  of  o.xvgen  to  be  yielded.  This  lev 
ceive  to  be  the  main  cause  of  the  sii|icrior  efticncy  of  tirovi',  nirm  md 
sustaining  hatttry,  of  which  n  descriplinii  is  given  in  tbo  f»)Iluwini!  |>ty* 
To  ihe  odvanlnf^c  thus  fpiincd  is  !u  K'  iiJiii  .1  ll,:il  uf  the  (>ruIc-oli^c  -'  » 
metallic  surfaces  from  injurious  deposition  (^15). 

Of  Constant  or  Sustainhii^  Batteries. 

399.  In  the  year  1S3.>,  Prof.  D;uiiell.  of  King's  Colifjf. 
London,  ma<ic  an  iiiterostiiig  ami  itn[»i)rtant  iiiiiovalion  ic 
the  construction  of  galvanic  battorif?,  by  tlic  interpo^iiKir 
of  an  animal  ineinbrane,  the  giillcl  of  an  o\  for  inrtaocc 
between  the  liclcrogeneous  nn-'laliic  surface?.  A  batten 
of  this  kind  in  my  posses;^it»n,  C()n;ii<t^  of  a  cvlindcr  i>i 
copper,  about  six  inches  in  height  and  four  incht?  in 
diameter.  Within  an  inch  and  a  htilf  of  the  hrim.  i 
diaphragm  of  copficr  is  inserted.  TImj  diaphragm  is  per- 
forated hke  a  colaTider,  and  lias,  at  the  centre,  a  hole  a'- 
about  an  inch  and  a  half  in  diameter.  It  is  through  thw 
hole  that  the  gullet  is  made  to  descend  to  the  bottom  d 
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f  the  yesBel,  where  it  communicates  with  a  glass  tube,  which 
■^18  BO  bent  at  right  angles  twice,  and  so  extended  as  to  rise 
by  the  side  of  the  cylinder  and  terminate  in  a  recurved 
orifice  on  a  level  with  the  brim.  A  solid  cylinder  of  amal- 
gamated zinc,  of  half  an  inch  in  diameter,  is  made  to  oc- 
cupy the  cavity  of  the  gullet. 

400.  It  has  already  been  mentioned,  that  in  this  con- 
struction, the  copper  is  not  liable  to  be  tarnished  nor  the 
zinc  to  be  coated  by  a  deposition,*  and  thus  to  be  rendered 
incapable  of  their  appropriate  reaction  with  the  interposed 
liquid.  The  membrane  will  not  allow  a  solution  of  either 
metal  to  permeate  it,  although  it  permits  the  transmission 
of  the  electro-chemical  decomposition  and  recomposition, 
by  which  the  voltaic  current  is  sustained.  The  space  be- 
tween the  gullet  and  the  cupreous  surface  of  the  enclosing 
cylinder,  is  occupied  by  a  saturated  solution  of  sulphate  of 
copper,  the  cavity  within  the  gullet  by  diluted  sulphuric 
acid,  or  some  saline  solution  not  liable  to  be  decomposed, 
per  8€j  by  zinc.  Upon  the  diaphragm,  crystals  of  sulphate 
of  copper  are  deposited,  for  the  purpose  of  preventing  any 
decline  in  the  strength  of  the  solution  of  that  salt.  As  the 
diluted  acid  employed  becomes  saturated  with  zinc,  it  is 
displaced  by  a  fresh  portion  which  causes  that  first  men- 
tioned to  be  expelled  at  the  orifice  of  the  glass  tube.  Of 
course,  the  chemical  reaction  may  be  kept  up  as  long  as 
the  zinc  lasts.  Latterly,  in  the  construction  of  Daniell's 
battery,  the  glass  tube  has  been  omitted,  as  the  advantage 
arising  from  its  employment,  has  not  been  found  to  com- 
pensate for  the  additional  liability  to  derangement. 

401.  I  saw  at  the  laboratory  of  Prof,  mniell,  an  asso- 
ciation of  his  sustaining  batteries,  of  which  the  power  to 
ignite  wire  was  surprising. 

402.  According  to  Brande,  with  a  constant  battery  of 
twenty  cells  arranged  in  a  single  series,  twelve  cubic  inches 
of  mixed  hydrogen  and  oxygen  may  be  collected  in  every 
five  minutes  of  action ;  and,  when  they  are  connected  in 
pairs  and  afterwards  in  a  series  often,  the  quantity  amounts 
to  seventeen  cubic  inches.  Eight  inches  of  platinum  wire^ 
one  two-hundredths  of  an  inch  in  diameter,  may  be  kept 
permanently  hot  by  the  same  arrangement,  and  the  spark 

*  The  deposition  Uiuf  formed  coof  if  to  of  a  mixture  of  copper  and  eaboiiJt  of 
liiie  (315|  mad  note). 
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taken  between  charcoal  points  is  very  brilliaat.  To  ik 
original  form  of  Daniell's  batterj^  above  described,  tbmi 
howevor,  a  great  objection,  founded  on  the  einpluviMaiiJ 
an  animal  membrane,  ^vliich  is  of  course  liable  tob(» 

i"ured  or  spoiled.  Porous  vessels  of  unglazed  eartbenwi 
lave  been,  however,  substituted  for  animal  membna 
with  great  increase  of  convenience,  and  Uiev  are  w 
employed  both  in  this  and  other  forms  of  voltaic  appanK 
Leather  has  also  been  successfully  substituted  for  n* 
membrane. 

Engraving  and  Description  of  a  Voltaic  Series  of  ComW 

Batteries- 


\ 


403.  The  preceding  figure  will  convey  a  sufficient  t» 
ccption  of  a  sustaining  battery,  in  which  cylinders  rf 
porous  porcelain  are  substituted  for  the  ox  gullet  eiiiploTtJ 
agreeably  to  the  original  construction  of  Daniell's  »»■ 
paratus. 

404.  The  externa!  lines  represent  sections  of  round  «*■ 
per  jars,  the  dark  central  lines  represent  the  amalgamairt 
zinc  rods,  sitnated  in  the  common  axis  of  the  copper  jar*, 
and  of  the  cylinders  of  porous  porcelain.  These  arf  re- 
presented as  occupying  a  mean  position  between  the  aw 
and  copper.  The  charge  of  the  apparatus  and  ratiixal' 
of  its  operation,  is  the  same  as  that  already  stated  in  rr- 
ference  to  the  constant  battery  in  its  original  form. 

405.  I  do  not  bulicve  the  efibcts  of  any  apparanis  coo- 
Btructed  upon  this  i)lan,  to  be  at  the  outset  as  powtrftil  « 
striking  as  those  which  are  producible  by  a  dcllaiiratorc:' 
a  like  extent  of  surtiice.  Still  less  would  it  h,-  ]>,)r-;!ii'.  '  ■ 
comprise  a  series  of  like  degree  of  power  within  a  snare 
equally  small.  A  series  of  two  hundred  pairs  of  sustamio^ 
batteries  would  be  extremely  unwieldy  and  cumbrous,    h 


8  been  mentioned  that  the  ccmstnictioD  <^  the  deflagnto' 
such,  as  to  enaUe  me  to  withdraw  four  plates  out  of 
iiy  five,  BO  as  to  have  the  whole  accessible  to  a  scraper. 
>reovor,  the  amalgamation  of  the  zinc  eurfacea,  devised 
Sturgeon,  confers  upon  the  plates  of  the  Cmikshank 
istruction,  to  a  certain  extent,  the  properties  of  a  sns- 
oing  battery.  The  great  objection,  to  the  somewhat 
itly  use  of  mercury,  is,  that  it  enfeebles  the  zinc  {dates  so 
to  make  them  liaUe  to  fracture ;  but  this  is  less  to  be 
>rehended  when  the  zinc  is  supported  by  correspondins 
>per  plates,  as  in  pairs  of  the  kind  above  designated,  and 
ere  tlie  mercury,  as  in  these  pairs,  is  to  be  applied  (mly 
one  of  the  surfaces  of  each  zmc  plate. 

Of  Gtow?m  Sustaining  Battery. 

106.  About  the  year  1840,  Prof.  Grove  made  a  very  in- 
ssting  modification  of  Daniell*8  battery,  not  only  by 
•stituting  vessels  of  porous  porcelain  for  the  ox  gullet, 
also  by  using  platinum  and  nitric  acid  in  lieu  of  coj^r 
I  a  solution  of  the  sulphate  of  that  metal.  The  porous 
,  nearly  full  of  nitric  acid,  ia  surrounded  by  zinc  im- 
rsed  in  Rulphuric  acid  diluted  with  only  four  parts  of 
ter,  contained  in  a  sufGciently  capacious  receptacle. 
a  nitric  acid,  by  oxidizing  the  hydrogen,  accelerates  the 
strofysis,  nitric  oxide  is  evolved  at  the  surface  of  the 
tinum,  which  is  made  to  occupy  an  intermediate  posi- 
1  within  the  porcelain  cell. 


107-  The  dark  central  lines  (figure  19)  represent  sec- 
18  of  the  platinum  plates ;  the  dotted  lines  C,  which  in- 
de  these,  represent  the  hollow  cylinders  of  porous  por- 


^ 


34 

celain.  The  double  lines,  which  comprise  botboTtk* 
already  mentioned,  represent  sections  of  the  zinc  trifr 
dcrs.  The  dark  external  lines,  in  like  manner,  rvprart 
the  glass  jnrs  within  which  the  rest  of  the  apparaWk 
situated.  The  arrows  indicate  the  course  of  ine  cnnai 
flowing  externally  agreeably  to  the  general  law,  froBii 
metal  less  susceptible  of  erosion,  to  that  more » 
ceplible;  while  conveyed  internally  by  the  elcctnih* 
process,  it  takes  the  opposite  course  so  aa  to  coai|^ 
the  circuit.     pOG). 

408.  A  series  of  this  kind  of  only  four  pairs,  conslniciei 
in  my  laboratory,  caused  the  long  continued  ignitioa  i 
about  two  inches  of  platinum  wire.  According  to  W 
Grove,  a  series  of  one  hundred  pairs,  each  of  the  smelt 
mensions  as  those  above  described,  caused  a  diniptiiefr 
charge,  accompanied  with  intense  heat  and  light.  tiuW 
an  interval  of  three  inches,  which  is  as  much  nswaii^ 
fected  in  this  way,  by  the  great  battery  of  two  tboosri 
pairs  with  which  Davy  operated  at  the  Rovnl  InstimiK* 

409.  Latterly  it  has  been  found  that  plumbngo  orcck 
may  be  substituted  for  platinum  in  Grove's  appanV 
This  materia!  was  resorted  to  independently  both  hysm 
German  chemists,  by  Prof.  It.  Silliman,  Jr.  and  mpd 
An  extensive  series  was  constructed  for  the  Lowell " 
tute,  by  Prof.  B.  Silliman,  which  was  very  powerful,  ts' 
had  the  advantage  over  the  deflagrator  of  a  much  m^ 
durable  intensity  of  action.  In  practice,  however.  ll«» 
are  several  objections  to  Grove's  apparatus.  The  ?epMW 
introduction  of  sulphuric  and  nitric  acid  into  a  great  sa- 
ber of  receptacles  in  a  much  more  concentrated  state  tta 
that  in  which  they  are  used  for  other  voltaic  steries,  ai^ 
as  the  subsequent  removal,  is  a  very  troublesome  and^ 
agreeable  task.  Moreover,  the  funic?  of  nitric  oxidt-wkx* 
are  copiously  evolved,  are  e.\lreiiicly  annovin^r  to  allpc^ 
sons  exposed  to  them,  and  are  to  some  persons  ius«*>f" 
able.  The  porcelain  cells  arc  very  liable  to  be  brik** 
and  soon  suffer  by  the  disintegrating  influence  of  tlx 
acids. 

410.  In  an  arrangement  suggested  by  Berzelius.  a  ft- 
Under  of  coke  is  hollowed  out  into  the  form  of  a  cup.  in'' 
which  the  nitric  acid  is  placed,  and  thus  the  u^eot'u 
earthenware  diaphragm  is  avoided. 

411.  A  great  difficulty  arises  from  the  expensive  M«*- 
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eu^  of  employing  platinum  as  the  material  of  the  screws 
and  wires,  by  which  the  requisite  attachments  are  made 
in  batteries  formed  by  the  aid  of  carbon,  as  above  de- 
scribed. Any  other  metal,  excepting  gold,  which  is  three 
tinaes  as  dear  as  platinum,  is  liable  to  be  corroded  by  the 
Ditric  acid,  which  rises  in  the  carbonaceous  pores,  by  ca- 
pillary attraction. 

Of  the  Passive  Iron  Battery. 

• 

412.  The  battery  thus  designated,  was  first  suggested 
by  Mr.  Hawkins  (L.  and  E.  Phil.  Mag.  Vol.  XVI.),  in  con- 
sequence of  the  previous  discovery  by  Herschell,  Schoen- 
t>ien,  and  others,  of  the  susceptibility  of  iron  of  what  is 
[galled  the  passive  state,  which  renders  it  insusceptible  of 
t>eing  acted  upon  by  strong  nitric  acid;  whereas,  in  its 
ordinary  state,  it  is  oxidized  and  dissolved  in  that  acid. 
rhe  passive  state  does  not  protect  the  metal  from  acid  of 
the  8.  g.  1.2.  This  state  of  iron  is  induced^  b^  the  contact 
3r  association  with  platina,  of  which,  being  highly  electro- 
:iegative,  the  presence  by  analogy  with  copper  and  zinc 
ihould  promote  reaction  with  corroding  reagents  (321). 
rhe  passive  state  also  protects  iron  when  exposed  to  di- 
nted sulphuric  or  phosphoric  acid,  but  cannot  avail  against 
:hlorohydric  acid. 

413.  This  phenomenon  is  one  of  the  most  mysterious, 
Mit  it  is  not  expedient  now  to  enter  into  any  discussion 
-especting  the  cause.  The  object  is  to  mention  the  use 
nade  of  this  wonderful  property.  As  the  inactive  con- 
iition  is  spontaneously  assumed  when  iron  is  plunged  into 
icid  of  s.  g.  above  1.35,  a  plate  of  this  metal  has  been 
inbstituted  in  a  Grovels  battery  for  the  platina  plate.  Ac- 
cording to  the  authors  above  named,  batteries  tnus  formed 
nrere  found  to  be  efficient;  but,  unfortunately,  the  peculiar 
condition  of  tlie  iron  is  liable  to  cease.  When  this  hap- 
pen '.  the  rapid  solution  of  the  negative  plate  follows. 

414.  Schoenbien  mentions  the  formation  of  batteries 
either  of  zinc  and  passive  iron,  or  altogether  of  iron  cylin- 
ders, one  set  being  passive,  the  other  in  the  normal  con- 
dition. Five  cast  iron  cylinders,  10  inches  high,  34  dia- 
meter ;  as  many  of  zinc  of  same  height,  and  3^  in  dia- 
meter. Intermediate  between  the  zinc  and  iron,  porous 
cylinders  of  earthenware,  one  part  nitric,  s.  g.  1.4,  with 
from  Iwelve  to  three  parts  sulpnuric  acid,  were  found  to 


answer.     Subsequently,  cylinders  of  iron,  in  its  Old 
state,  were  substituted  for  zinc  cylinders.     By  till » 
tery,  2400  cubic  inches  of  the  gaseous  elements  of' 
were  liberated  in  one  hour. 

415.  It  seems,  however,  that  the  passive  conditiairf 
iron  is  liable  to  cease,  and  when  this  happens,  the  DHttlil 
dissolved.  I  am  under  the  impression  that  balttriatf 
this  kind  can  never  be  found  advantageous,  as,  iadcpV 
dently  of  the  uncertainty  arising  from  the  prccariousMMif 
the  passive  state  of  iron,  this  metal  is  very  liable  to  be*- 
jured  by  rust  when  out  of  use. 

Of  Smee's  BaUery. 

416.  About  six  years  ago,  Mr.  Smee,  of  Loadoo,dtx^ 
vered  that  the  efficacy  of  a  battery,  made  like  calon»- 
tors  or  deflagrators  (324,  375),  Babbingtoo's  appin» 
(367),  or  one  of  his  own  contrivance,  in  which  a  Unodw! 
of  silver  is  situated  between  two  plates  of  zinc,  bhtW 
augmented  by  a  deposition  of  platina  sponge  b»!ing  wak 
upon  the  surface  of  the  negative  metal.  For  this  purpM 
platina,  palladium,  silver,  or  plated  copper,  maybeBtdtj 
but,  taking  both  efficacy  and  economy  into  Tiew,  silw 
rolled  very  thin,  was  found  preferable.  , 

417.  In  the  case  of  a  constant  or  sustaining  batta^ 
(398)  it  has  been  stated  that  the  cvidizement  of  the  hidff- 
gen  at  the  diaphragm,  obviating  the  necessity  for  ilsero- 
lution  in  the  gaseous  form  at  the  cathode,  facilitates  ^ 
electrolytic  part  of  the  electromotive  process  in  a  gaJrui 
circuit.  In  Smee's  apparatus,  the  extrication  of  the  hMJi* 
gen  at  the  cathode,  is  alleged  to  be  facilitated  bv  ti« 
mechanical  power  of  the  asperities  of  the  platinizing  tJepfr 
sition.  I  infer,  however,  that  the  contact  of  the  platioua 
may  have  a  favourable  polarizing  influence  on  the  hvilw- 
genous  cathion,  promoting  its  separation  from  tlie  otbtf 
element  of  water,  analogous  to  that  exercised  bv  the  aiw 
metal  in  tlie  gas  battery  (393-4). 

418.  The  following  directions  are  given  for  platinise^ 
the  plates  :  "  Each  piece  of  metal  is  to  be  placed  in  wiier. 
to  which  a  little  dilute  sulphuric  acid,  and  nitro-rouriate  rf 
platinum,  is  to  be  added.  A  simple  current  is  then  tohr 
formed  by  zinc  placed  in  a  porous  tube  with  dilute  acif- 
when,  after  the  lapse  of  a  short  time,  the  metal  will  bt 
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I  coated  with  a  fine  black  powder  of  metallic  platinum. 
.  The  trouble  of  this  operation  is  most  trifling,  only  re- 
i  quiring  a  little  time  after  the  arrangement  of  the  apparatus, 

which  takes  even  less  than  the  description.  The  cost  is 
[  about  6d.  a  plate,  of  4  inches  each  way,  or.  32  inches  of 
(  surface.  It  is  necessary  to  make  the  surface  of  the  silver 
;  rough,  by  brushing  it  over  with  a  Httle  strong  nitric  acid, 

which  gives  it  instantly  a  frosted  appearance,  and  after 
:  beinff  washed,  it  is  ready  for  the  platinizing  process ;  but 
[  the  finely  divided  platinum  does  not  adhere  firmly  to  very 

smooth  metab.^' 


OF  THE  PHENOIIENA  OF  GALVANISM. 

Under  this  head  toe  may  put  effedt  upon  the  animal  organs^ 
statical  ej^ects^  ignition  of  continuous  conductors^  aefla^ 
grationj  electrolysis  or  decomposition^  galvanic  powers  and 
^ects  of  animal  organs^  magnetic  influence  or  electro^ 
magnetism^  galvanic  effects  of  heat^  or  thermo-galvanism^ 
sometimes  called  thermoelectricity^  or  thermo-magnetism. 

EFFECTS  UPON  ANIMAL  ORGANS. 

Effects  on  the  Organs  of  Taste^  on  those  of  Sights  Nerves  of 

Sensation  ;  in  producing  Convulsions. 

419.  Electricity  is  not  the  only  one  among  the  supposed 
imponderable  elements,  which  can  cause  sensation.  The 
influx  and  efflux  of  caloric  produces  a  sensation  in  one  case 
of  cold,  in  the  other  of  heat ;  moreover  intense  light,  like 
that  of  the  sun,  of  galvanic  ignition,  or  the  oxyhydrogen 
lime  light,  produces  in  the  eyes  a  painful  feeling.  But  in 
giving  shocks  to  live  animals,  and  in  causing  muscular 
movements  or  convulsions  in  a  carcase  or  corpse,  electri- 
city has  a  peculiar  attribute. 

420.  Probably  the  first  knowledge  of  the  shock  produced 
firom  a  galvanic  circuit,  arose  from  experiencing  that  given 
by  the  torpedo  and  other  electrical  fishes.  This  wonderful 
faculty  could  not  but  have  been  observed  in  the  most  an- 
cient times  by  fishermen  in  the  countries  where  such  ani- 
mals are  found. 

421.  A  very  feeble  discharge  like  that  between  a  zinc 
and  silver  disk,  including  the  tongue,  has  been  felt  from  the 


earliest  period  at  which  wine,  cider,  or  beer  of  any  ko^ 
was  drunk  from  a  metallic  vessel.  The  preference  ki^ 
to  pewter  as  the  niatcrial  of  a  mug  from  which  to  driA 
beer,  is  now  ascril)ed  to  a  galvanic  discharge  arising  6W4 
the  metal,  the  lips  and  the  beverage,  forming  a  feeb^  |d>' 
vanic  triad,  in  which  the  liquid  is  elect ro)>ositivet  Kt%' 
slightly  acidulous.  Probably  from  an  uiialngous  cm 
arises  the  characteristic  taste  ol  acids,  while  from  an  Off^' 
site  galvanic  discharge  in  which  the  Bolutioii  is  eleeliop'' 
sitive,  arises  the  peculiar  savour  of  the  principal  illtilM 
I  am  inclined  to  the  idea  that  all  the  various  laslM  mi 
odours,  which  we  arc  liable  to  experience,  are  dueton» 
ditications  of  galvano-electro-cheniical  caui«cs. 

423.  But  tlie  tirst  recorded  notice  of  the  pheoonieciarf; 
a  galvanic  discharge,  as  respects  its  obvious  production  kf' 
a  metallic  triad,  was  published  not  as  ai^sociatcd  with  fr 
theory  directed  to  tlie  explanation  of  physical  phcnomenij* 
but  on  the  contrary,  in  a  metaphysical  eflbrl  to  suggcjlt, 
theory  of  pleasures.  Id  the  year  1767,  more  than  twen^ 
three  years  before  the  convulsions  produced  in  frogs  fcf 
metals  was  noticed  by  Galvani,  Sultzer,  the  author  of  ill 
theory  of  pleasures  alluded  to,  gave  an  account  of  ill- 
taste  produced  by  heterogeneous  metals,  when  including 
the  tongue,  aud  brought  into  contact  at  their  projectaf 
extremities. 

423.  It  must  be  evident  that  the  original  observer  of  the 
phenomenon,  thus  described  by  Sultzer,  was  the  th-=cnvt-ra 
of  the  eJeuientary  galvanic  ballerj;  and  it  i^  reiiiarkaiif 
that  Galvani  was  led  to  infer  the  existence  in  nature  of  tbf 
powers  of  such  a  battery,  by  a  phenomenon  which  had  no 
connexion  therewith.  The  hind  parts  of  the  carcasf?  I'l 
some  frogs,  prepared  lor  stewing,  hap]>ened  to  l)c  situaieii 
in  a  dish,  one  of  them  in  contact  with  a  scal[>el.  near  in 
electrical  machine,  from  the  prime  conductor  of  winch 
sparks  were  proceeding.  Under  these  circunistanc<^  i! 
was  observed,  that  every  spark  was  followed  bv  eoa\iii- 
give  motions  in  the  limbs  in  the  vicinity  of  the  «calpfl- 
The  effect  was  greatest  in  any  limb  to  which  the  scalr*! 
might  be  most  approximated.  The  annexed  fi-'ure  »!■! 
convey  an  idea  of  the  manner  in  which  the  froL'^  «(■"■ 
situated,  relatively  to  the  scalpel;  and  likewise  to  ik 
conductor  of  the  machine  and  knob,  between  which  ik 
sparks  were  thrown.     Galvani  was  absent,  and  was  in- 
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le  debted  for  his  knowledge  of  the  fact  to  Madam  GalvaDi, 
^  by  whom  it  was  noticed. 

in 


Fif .  90. 


424.  The  convulsions  thus  obsenred,  it  is  now  known, 
were  the  consequence  of  the  limbs  and  the  scalpel  being 
inductively  electrified.  It  is  by  an  analogous  inductive  in- 
fluence, that  when  one  person  is  struck  by  lightning,  by- 
standers are  stunned,  though  not  in  the  circuit.  Electrical 
discharges  deleterious  to  human  life  have  been  attributed  to 
an  inductive  charge  and  discharge  consequent  to  lightning, 
and  analogous  to  those  which  convulsed  the  frogs.  (S^ 
Dynamic  Induction.) 

425.  Galvani  having  been  previously  engaged  in  the 
experiments,  to  verify  a  conjecture  of  his,  that  muscular 
action  is  due  to  electricity,  became  inspired  with  additional 
zeal  by  these  facts,  for  a  knowledge  of  which  he  was  in- 
debted to  accident  and  his  wife^s  observation.  Never- 
theless, he  would  have  attributed  little  importance  to 
the  convulsions  produced  in  the  frogs,  had  he  not  erro- 
neously supposed  that  the  animal  organs  were  instru- 
mental in  the  generation  of  the  electricity  by  which  they 
were  affected. 

426.  But,  as  already  stated,  (309)  the  limb  of  a  frog, 
with  the  spinal  nerves  denuded,  is  a  most  sensitive  galvano- 
scope,  since  the  minutest  discharge  of  electricity  through 
a  circuit  of  which  the  nerve  forms  a  part,  will  produce 
convulsions  in  the  rest  of  the  limb.  Of  course  during 
their  exposure  to  the  alternate  charging  and  discharging 
of  the  machine,  the  frog  limbs  acted  merely  as  galvanos- 
copes. 

427.  It  was,  however,  subsequently  ascertained  by  Gal- 
vani, that  convulsions  ensue,  on  making  a  conducting 
communication  by  a  metallic  wire  between  the  feet  of  a 
frog  and  a  portion  of  the  spine  appended  thereto  by  the 
denuded  nerves  (309).  This  he  correctly  ascribed  to  a 
power  in  the  parts  of  the  animal  to  generate  electricity ; 


but  erroneously  Bupposed  that  there  was  any  aiutogrki- 
tween  the  mode  of  its  previous  existence,  aud  that  of  ot 
charge  of  a  Leyden  phial.  This  view  of  the  giibj«l  ■» 
not  uiireasonahlc  at  a  period  when  no  knowledge  had  fa« 
obtained  respecting  the  electrolytic  process,  hy  whickii 
current  in  a  galvanic  circuit  is  generated.  But  the  inrtfr 
tigalion  was  rendered  comphcalcd  and  perplexing.  In- ik 
fact,  that  galvanic  discharges  causing  convulsioDs  are  pn- 
ducible  in  three  different  ways,  of  which  only  the  hfl 
described  is  due  to  the  animal  .organs.  Now,  it  is  know 
the  leg  of  a  frog  may  be  convulsed,  not  only  as  abow 
described,  by  a  metallic  communication  between  the  sfuil 
nerve  and  the  feet,  but  likewise  by  bringing  ihoac  pm 
iuto  contact  without  the  intervention  of  a  metal. 

428.  Figure  (21)  Willi- 
lustrate  the  mode  by  wbiik 
the  leg  of  a  frog  being  wtnk 

t  to  touch  the  spinal  wsn. 
convulsions  will  eo»ue  ii 
consequence  of  an  inlwrt* 
divcrsily  as  respect*  eiefr 
tropolarity  in  the  difieral 
parts  of  the  animal. 

429.  The  dissected  6a| 
limbs  are  suspended  fcv 
means  of  a  glass  rod.  H. 
held  by  the  hand  at  one  efii 

while  the  other  ia  situated  between  the  two  partially  de- 
nuded nerves  of  the  spine,  a  portion  of  the  latter.  ». 
which  is  retained,  serving  to  itecp  them  united.  By  laeiu 
of  another  glass  rod,  M,  one  of  the  legs  is  brought  al  L 
into  contact  with  a  nerve.  By  these  means  the  limbs  Day 
be  sensibly  convulsed.  The  previous  immersion  of  ilx 
limbs  and  nerves  in  brine,  is  recommended  by  Slura'eoD,** 
rendering  success  more  attainable  ;  but  there  seems  to  be 
some  objection  to  the  assistance  of  an  inorganic  reageai 
in  an  experiment  intended  to  prove  that  the  organs  as- 
ployed  are  pcT  sc,  equivalent  to  a  galvanic  triad  or  elenKB- 
lary  battery :  it  is  nevertheless  certain  that  much  nif-rc 
active  convulsions  may  Ix:  produced  hy  the  discliarge  \rva 
the  most  minute  galvanic  triad  or  the  smallest  spari 
arising  from  the  friction  of  an  electric  (E,  211).  Where  a 
prepared  frog  is  made,  like  the  tongue  in  the  experimeDtot 


^ 
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■^ultaEer,  to  perform  the  office  of  the  liquid  reagent  in  a  gal- 
i'aiiic  triad  such  as  above  mentioned,  the  slime  of  the  ani- 
^  oal  takes  the  place  of  the  liquid,  and  the  muscles  included 
Eire  convulsed  by  a  discharge  analogous  to  that  by  which 
-he  tongue  is  affected  by  the  appropriate  sensation. 
^  430.  Resting  his  inferences  upon  the  superior  efficacy 
^f  extraneous  sources  of  electricity,  Volta  succeeded  in 
.creating  an  almost  universal  impression,  that  the  idea  of  a 
^arrent  originating  in  the  organs  of  frogs  had  been  erro- 
leous.  This  impression  was  strengthened  by  the,  subse* 
^oently  discovered,  surprising  energy  of  his  inorganic  pile 
n  eflfecting  ignition  and  chemical  decomposition.* 

Q^  the  Diversity  in  the  Sensations  produced  in  the  Hwnan 
I'rame  by  variations  in  the  size  ana  number  of  the  Galvanic 
Pairs  employed. 

431.  The  different  modes,  as  respects  size  and  number, 
m  which  galvanic  apparatus  may  be  diversified,  has  been 
ftUoded  to.  It  was  soon  found  that  the  shock  given  to  the 
ftoiroal  frame  was  increased  more  by  the  number,  than  by 
the  size  of  the  plates.  I  have  found  the  shock  from  two 
hundred  and  eighty  triads,  each  two  inches  square,  more 
severe  than  from  one  hundred,  nearly  eight  by  fourteen  or 
sixteen  times  as  large.  The  sensation  from  the  latter  is 
more  excruciating,  if  the  contact  be  sustained,  because  the 
|uantity  is  so  much  more  copious ;  but  after  repose,  the 
poles  of  the  more  numerous  but  smaller  series  becomes  as 
nuch  greater  than  the  other  as  twenty-eight  is  to  ten. 
Fbis  greater  intensity  enables  the  charge  to  act  more 
suddenly,  and  thus  to  produce  the  jerking  sensation,  usually 
called  a  shock,  in  a  much  higher  degree.  Davy  mentions 
that  severe  shocks  were  received  from  his  large  pile 
through  the  floor  upon  which  it  rested.  I  have  experienced 
shocks  in  like  manner,  when  the  floor  on  which  a  series  of 
Ihree  hundred  pairs  rested,  was  wet. 


Under  these  circumsUncet,  injustice  has  been  done  to  Galvani,  by 

bimnch  of  science  originating  in  his  investigations  as  voltaic  electricity.    In 

0f«'s  Chemical  Dictionary,  so  much  of  the  phenomena  of  this  branch  as  are  asao. 
siittad  with  eiperiments  on  recent  carcasses,  whetlier  of  cold  or  warm  blooded  animals. 
gy^  treated  of  under  the  head  of  galvanism,  while  the  other  phenomena  are  treated 
ai*  onder  that  of  voltaic  electricity.  It  appears  to  me,  that  galvanism  or  galvanic 
•leetricity,  should  be  known  under  the  general  appellation,  and  that  stiflicient  justice 
mrUl  b«  done  to  the  other  celebrated  inventor,  ir  we  speak  of  the  compound  oireiiit, 
^  tba  Toltaie  aeries,  pile,  or  battery.  The  appellation,  voltaic  aeries,  seems  to  hm 
lpg«fSirabl«,  being  moet  descriptive,  since  whatever  may  be  ita  eoBstmcttoni  it  must 

'^  of  t  mHu of  elenMotiury  batteries. 
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432.  Even  with  closed  eyes  an  ideal  flash  of 

g reduced  in  the  Sultserean  exjieriment.  Aco 
turgeon,  it  is  best  executed  when  one  of  the 
metal  employed  is  pressed  close  upon  the  gums 
the  upper  lip,  the  other  on  the  tongue.  Thia  prcpanM 
being  made,  a  flash  is  produced  by  bringing  their  «!«• 
edges  into  contact.  To  enhance  the  effect,  the  applic** 
of  brine  to  the  tongue  is  recommended-  It  should  be* 
deretood  that  the  taste  endures  so  long  as  (he  cooUd  c» 
tinues,  but  the  aflcction  of  the  optic  nerve  and  tbesii^ 
quivering  of  the  tongue  are  transient  effects,  atteiKiuia 
the  peculiar  intensity  of  the  discharge  which  takes  "^" 
when  the  circuit  is  first  completed. 

433.  To  a  cut  sufliciently  deep  to  draw  blood,  the 
feeble  galvanic  discliarge  is  perceptible;  and  that  of ■ 
extensive  battery  is  excruciating.  On  the  back  of  dt 
hand,  from  the  comparative  delicacy  of  the  epidermis,  id 
the  superior  conducting  power  of  the  veins,  the  seBsibAf 
to  galvanic  discharges  is  much  higher.  MoisteoiDg  ii 
skin,  more  especially  if  any  saline  solution  be  empi 
causes  such  discharges  to  be  much  more  difficult  to 
One  of  the  best  modes  of  taking  the  shock  \»  toco 
each  electrode  with  a  cup  of  mercury  covered  br  t 
Dipping  a  finger  of  the  right  hand  in  one,  and  of  ibett 
in  the  other,  trie  shock  will  be  felt  in  perfection.  How«B 
large  the  plates  of  a  voltaic  scries,  they  cannot  prodocf 
any  perceptible  effect  until  the  number  of  them,  madt  K 
operate  on  a  conductor,  is  sulficient  to  cause  a  distharp 
through  it.  Hence,  they  may  cause  the  deflaijratioii  olt 
wire,  when  they  cannot  give  a  shock  to  an  animal  aotif 
compose  any  chemical  compound.  When  a  number  «» 
petent  to  effect  a  passage  is  employed,  the  shock  is  aotf 
much  greater  in  proportion  to  the  size  of  the  plale*  »> 
might  be  expected,  just  as  in  passing  a  needle  ihrourt  i 
muscle,  our  sufTering  would  not  be  much  iucreasai.  •■- 
though,  by  doubling  the  diameter  of  the  instrumeni.  « 
should  quadruple  its  bulk. 

434.  The  sensation  created  by  a  comparalively  *">•' 
number  of  large  pairs  is  more  incessant,  less  jerkins;.  »Di 
becomes  intalerablc  from  a  sensation  like  the  boring ofi 
hot  iron.  Tliis  burning  sensation  is  not  surprising,  "h* 
it  is  considered  that  Huids  grow  hot  under  the  influeoc*'' 
such  a  series.     In  1839, 1  assisted  in  some  experimeflU« 
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E  die  corpse  of  a  recently  hanged  murderer,  of  whom  the 
-auscles  of  the  face  and  those  on  which  respiration  is 
:lependent,  were  made  to  act.  I  then  observed  that  igni- 
tion took  place  whenever  the  hfling  of  the  end  of  either 
Iirire  acting  as  an  electrode,  caused  an  interruption  of  the 
^sircuit.    The  series  employed  was  a  Tleflagrator  of  three 

.  jondred  pairs  of  seven  by  three. 

I 

^  Of  the  Statical  Effects  of  Galvanism. 

^  435.  It  will  be  well  to  remember,  that  under  this  desiff- 
-sation  are  placed  those  phenomena  of  galvanism  which, 
adthough  extremely  feeble  as  to  comparative  intensity,  still 
^^esemble  the  phenomena  of  frictional  electricity  as  respects 
Jie  spark,  the  separation  and  approximation  of  light  bo- 
lies,  and  the  charging  of  the  Leyden  phial. 

436.  Of  all  the  phenomena  of  galvanism,  only  those  of 
WL  Statical  kind  are  to  be  produced  when  the  circuit  is  in- 
complete; and  it  is  under  these  circumstances,  and  others 
^^irbieh  are  inconsistent  with  the  other  powers,  that  those 
in  question  appear  to  most  advantage.  It  is  only  on 
breaking  contact  that  galvanic  apparatus,  in  the  usual 
forms,  will  produce  a  spark.  If  we  attach  a  metallic  mass 
•o  one  pole  of  a  galvanic  battery,  and  after  bringing  into 
contact  with  it  the  end  of  a  wire,  rod,  or  strap  of  metal,  in 
diae  connexion  with  the  other  pole,  suspend  tne  contact,  a 
cpark  ensues;  yet  none  can  be  perceived  on  renewing  the 
contact. 

437.  Sparks  arising  from  the  rupture  of  the  circuit  are 
«dTantageousIy  seen,  by  attaching  to  one  of  the  electrodes 
«  rasp  or  a  rachet  wheel,  which  is  so  situated  as  to  touch 
«  spring  strap  in  due  connexion  with  the  other  electrode. 
Sy  scraping  the  rasp  with  the  strap,  or  if  a  rachet  wheel 
lie  used,  causing  it  to  revolve  against  the  strap,  a  spark 
occurs  as  often  as  the  strap  passes  from  one  tootti  to 
another.  The  spark  may  be  Produced  by  metals,  which, 
like  gold  and  platinum,  are  difficult  to  oxidize,  but  is  larger 
end  more  brilliant  when  iron,  steel,  or  mercury,  is  used. 
Of  these  metals,  minute  portions  are  mechanically  abraded, 
the  combustion  of  which  cooperates  in  the  production  of 
intense  light  and  heat. 

438.  'fhe  phenomenon  which,  when  produced  by  the 
pony  apparatus  of  man,  we  call  a  spark,  is  designated  as 
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lightning,  when  evolved  by  the  gigantic  apparato!  of 
ture.  lu  no  respect  are  the  powers  of  gal*-anic  bUKm 
more  discordant  with  those  ot  electrical  uiariiines  ihui 
respects  tlie  spark.  By  electrical  machines  of  the  Uip* 
size,  sparks  of  from  twenty  inches  to  two  feet  Iwc  !■* 
emitted:  from  a  very  small  one,  they  may  be  <)blUi< 
Boraelimes  two  inches  in  length;  yet,  be/ore  conUct,^ 
most  powerful  voltaic  batteries  could  not,  by  the  mosi- 
genious  and  skilful  eHbrts  of  Gassiot,  be  raadu  to  gireW 
spark;  and,  according  to  Davy,  the  battcrj'  of  tlic  Rot^ 
Institution,  comprising  thirly-two  thousand  square  ineii 
of  zinc  surface  insulated  by  porcelaio,  did  not  give  af^ 
at  a  greater  distance  than  one-fortieth  of  an  ioch  (36^- 
It  follows,  that  to  give  a  spark  at  ten  inches,  or  fotubv 
dred  times  as  far,  would  require  a  striking  power  vU 
would  be  to  that  of  Davy's  series  as  the  square  of  im 
hundred  to  that  of  one;  so  that  the  striking  power  of i 
machine  giving  such  a  spark  must  be  one  huiidtvil  ai 
sixty  thousand  times  as  great  as  that  of  the  celehiu* 
battery  above  mentioned. 

439.  With  insulated  voltaic  batteries  of  1636  pairs  M^ 
by  Crosse,  and  of  3520  pairs  made  by  Gassiot,  excited  h 
river  water,  sparks  were  obtained  before  cootacl.  Fw 
the  last  mentioned  battery  we  are  informed  that  a  cmtf 
of  them  was  obtained.  The  other  powers  of  the  talWP 
are  enfeebled,  in  proportion  as  its  statical  pova  b 
Btrengthened. 

440.  An  engraving  and  description  has  been  ginta 
the  dry  pile  of  De  Luc,  as  modified  by  Zamboni.  A^ 
cording  to  Daiiiell,  when  a  wire  proceeding  from  one  pot 
of  a  pile  of  20,000  pairs,  was  drawn  lightly  over  **»•"■ 
nished  metallic  surface  communicating  with  the  other  po*' 
a  series  of  minute  sparks  were  obtained.  A  Levdeii  h:- 
tery  might  be  so  charged  as  to  proihice  a  disagieeilit 
shock  extending  to  tlie  elbows  and  shoulders  (378). 

441.  It  does  not  appear  to  me  that  sufficient  coDsidw** 
tion  has  been  given  to  this  form  of  voltaic  apparatus  bj  it 
advocates  of  the  purely  cliemical  origin  of  (he  galvaDic  Ol^ 
rent.  Faraday,  the,  matter  of  fact,  Ajax  of  (hat  corps.  »■ 
sistson  the  necesj^ity  of  a  species  of  electrolvlicconvectwt- 
between  the  zinc  and  copper  surfaces,  to  the  coiivrt'sat* 
of  the  current.  lie  urges  the  necessity  of  a  proce*.*  Hi' 
that  which  is  supposed  to  take  place  during  the  decom[«> 
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tfitioD  of  water  between  the  electrodes  (395).  It  cannot 
$M  pretendeu,  that  any  such  electrolytic  series  of  decom* 
sX>8itions  can  go  on  by  means  of  the  minute  and  detached 
^Articles  of  hygrometric  water  contained  in  the  paper  ma- 
terial of  ZambonPs  disks:  and  admitting  that  moisture, 
rtbus  existing,  could,  by  its  electrolytic  decomposition,  be 
-adequate  to  sustain  the  electrical  discharges  for  years 
t(38I),  by  what  process  is  it  transferred  from  surface  to 
surface  through  the  intervening  paper  ?  Evidently  it  can- 
not be  conceived  to  pass  by  the  series  of  decompositions 
^and  recompositions  in  rows  of  the  atoms  of  an  intervening 
liquid.  Sturgeon  avers,  that  the  powers  of  De  Luc's  se- 
ries is  greater  in  proportion  as  the  surfaces  are  kept 
brighter,  so  that  chemical  action,  far  from  being  necessa- 
ry, is  actually  injurious  to  the  energy  of  the  apparatus. 

Of  Cantintwus  Ignition* 

442.  I  deem  it  expedient  to  distinguish,  under  the  gene- 
ral designation  of  continuous  ignition,  those  cases  in  which 
a  body,  to  be  ignited,  is  a  good  conductor  (a  wire  or  char- 
coal, for  instance),  forming  that  part  of  the  galvanic  cir- 
cuit which  lies  between  the  electrodes  (356).  In  this  case 
a  wire  being  uniform  in  diameter  and  shape,  the  length 
noay  be  directly  as  the  intensity.  The  larger  the  plates, 
the  stouter  the  wire  which  can  be  rendered  incandescent : 
the  greater  the  number  of  the  series,  the  longer.  Within 
any  reasonable  limits,  the  sectional  area  for  a  given  length 
may  be  as  the  area  of  the  oxidizable  surface  of  one  pair; 
the  length  as  the  number  of  pairs  in  the  series. 

443.  By  the  gigantic  apparatus  of  Children,  a  platinum 
wire,  five  feet  six  inches  in  length,  and  more  than  one- 
tenth  of  an  inch  in  diameter,  was  heated  red-hot.  By  my 
deflagrator,  several  feet  of  wire  of  the  same  material  may 
be  raised  to  incandescence,  and  when  consisting  of  iron, 
it  may  be  burned  by  the  atmospheric  oxygen  before  fu- 
sion. 

444.  The  platinum  wire  employed  in  igniting  gaseous 
mixtures  (C,  335),  is  liable  to  fusion,  if  care  be  not  taken 
to  break  the  circuit  before  the  temperature  reaches  its 
maximum. 

445.  It  is  remarkable  that  if  the  wire,  subjected  to  con- 
tinuous ignition,  be  of  uniform  thickness,  as  is  usually  the 
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case  with  a  wire  io  good  preservation,  the  igoitioa  beM 
about  the  middle,  and  extends  gradually  towards  ibew 
trodes.* 

4-16.  If  a  prism  of  well-burned    cliarcoal  be  maile 
connect  the  poles  of  a  powerful  detiagrator,  on  comptdoc 
the  circuit,  by  bringing  the  plates  and   acid   into  cofcaci. 
the  charcoal  will  be  instantaneously  ignited  througho* 

Of  the  Ignition  of  a  Continuous  Conductor  by  a  Caloriiul 
or  DrJ/agrator. 

447.  If  the  electrodes  of  a  galvanic  triad,  of  tbe  a 
Btruction  to  which  the  name  calorimotor  has  bern  pn» 
be  united  by  a  wire  before  the  immersion  ofUic  plates;  (■ 
immersing  them,  the  wire  will  be  more  or  less  bealtd,K- 
cording  to  the  extent  of  the  oxidizabic  metallic  s«r6* 
and  the  size  and  length  of  the  wire  ;  excepting  that  tiw  in- 
tensity produced  fay  one  pair  lessens  as  its  size  is  enlarpi 
Although  on  estimating  the  heat  which  it  can  produce,  ii 
wire  of  a  certain  magnitude,  it  may  be  found  in  cho^ 
proportionable  to  the  size,  in  order  that  this  proporuonikk 
quantity  may  appear,  the  wire  must  have  magnimde  W 

*  At,  when  tile  »irB  is  of  a  aafficient  lenglh,  il  lake*  ROme  tiom  for  tlH  wkifeB 
bacoine  in  can  do  seen  I,  and  aa  ruaiun  cannot  be  eSecl«d  in  tfas  cenlrat 
aa  the  rent  of  the  wire  ia  below  a  white  beat,  Ibe  operator  ja  e&Ablvii 
the  central  portion,  while  ruaing  11,  neTBrtheleai,  la  tha  higheat  __  — __ 
platinum  will  bear.  To  effect  tbe  combualion  of  hydrogen  with  n.lrou*  aii*t, - 
qoirea  a  boat  ao  infensa,  tbat  I  always  use  a  wire  fur  that  purpoae  a(  Beit?;  '" 
iDcliea  io  length,  and  of  about  No.  -.Hi  of  tbe  wire  gauge. 

An  argument  io  fuvour  of  the  thcoij  of  Dufay  bu  been  rounded  d|kio  tbt  liia 
that  the  heat  taking  place  midway,  corroaponda  with  (be  meeting  of  I*o  doidaMM 
iDlermediate  apace  within  Iha  circuit  eqiiidialaot  from  (heir  reepective  taama.  fet 
itahouldbekept  iomind,  tbat  agreeably  to  the  theory  of  two  fluidt,  Ui(  —fUO' 

Uvo  end  has  to  receive  u  much  reainoua  a>  it  emita  of  vitreoiu  electncilT 

It  foilowa,  that  the  condiliona  nccBBsarj  to  cleclric  nctiyily,  ajTM^bly  W 
theory,  conaiat  in  the  aimultaneoua  motion  of  two  fluida  in  oppa«iIe  dirrctm 
cannot  conaial  in  tbeir  coming  together  at  any  parlicular  part  of  tfa«  circuit  i 
than  in  any  other  It  ia  true,  that  when  the  circuit  ia  interruplpit,  an  eiM 
vitreous  eioctricily  will  be  accuniulated  towards  tbe  poailive  end  of  the  wnrt. 
an  cxccaa  of  the  reainoua  towarda  the  negativo  end  ;  but.  on  caiiipl«IiD(  IIm  eu 

be  a  diachargo  of  the  reainoua  electricity  in  llie  ngipnaite  directjon       In  )ik*  bu 

lite  diBchorge  of  ihc  vitreous.    The  fluid,  are  neceaannly  Ui  m.jtion  vhroofb«ti> 

circuit,  to  restore  the  squiiibrmm  which  the  elcctra-chemickl       -    -'  ■ 

deatroying 

The  phenomenon  iinrfcr  conaidernlion,  though  irrecnncilable  either  wilh  the  1 
of  one  or  Hint  of  two  flnpda,  ngreefl  with  Xhe  idpa  cf  wivr?  rf  p.i.Jir.i;-.  n  it. 
from  the  centre  of  the  generating  battery  towarda  the  eiiicmitics,  thence  pi 
through  (he  metallic  conductor  to  neutralize  each  olher  at  an  intermediiie  pr 
the  vire.  Possibly  each  wave,  carrying  with  it  caloric  in  a  latent  aUiie,  may 
it  up  when,  by  neutralization,  the  power  to  retain  it  ceaaei,  and  Ihua  may  »n 
beat  evolved  it  the  place  of  meeting,  ao  lonfr  as  the  current  ia  auitAiaed. 
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igreat  to  be  consistent  with  intensity.  Hence,  a  more  m- 
4en3e  heat  may  be  produced  in  a  fine  wire  by  a  triad  of  a 
square  foot  of  oxidizable  surface  than  by  one  of  fifty.  On 
this  account  it  is  necessary  in  a  very  large  calorimotor  to 
employ  more  than  one  triad  in  order  to  produce  a  white 
beat  in  a  wire  whether  stout  or  fine*  (331). 

Of  Deflagration. 

448.  Those  experiments  in  which  the  contact  or  con- 
tinuity of  the  conductor  between  the  electrodes,  after  being 
established,  is  destroyed  by  its  reaction  with  the  current, 
or  by  the  interference  of  the  operator,  fall  under  the  head 
of  deflagration. 

449.  Thus  when  suitable  tapering  pieces  of  charcoal, 
severally  attached  to  the  electrodes  of  an  active  and  sufii- 
ciently  powerful  scries,  after  being  brought  into  contact, 
are  separated,  the  resulting  interval  becomes  occupied  by 
an  arc  of  flame  of  which  the  light  and  heat  are  the  most  in- 
tense that  art  can  produce.  It  is  not  without  pain,  and 
the  risk  of  permanent  injury,  that  this  flaming  arch,  or 

*  For  more  than  twenty  years,  I  have  employed  calorirootort  for  effecting  the  ex- 
ploetve  combustion  of  gusenus  mixtures,  or  for  i^nitinff  a  jet  of  hydro|^n  in  oxyfen 
m  the  I^avoisierian  experiment  for  the  synthesis  of  that  liquid  (834-6).  In  such 
•zperiments,  that  distinguished  philosopher,  and  generally  all  the  chemists  of  the 
ola  world,  have  used  for  the  same  object,  the  electric  spark.  This  it  is  difficult  to 
command  in  damp  weather,  and  in  the  vicinity  of  the  water  usually  employed  in 
pneumato-chemical  experiments. 

In  June,  lt^31,  I  was  induced  to  make  a  series  of  experiments,  in  order  to  explode 
the  charcpes  of  gunpowder  in  rock-blasting,  and  succeeded  by  one  of  my  deflasnratora 
in  exploding  twelve  charges  at  the  distance  of  one  hundred  and  fifly  feet.  Of  theee 
•xperiments,  I  published  an  account  in  1833,  in  the  Franklin  Journal,  and  recom* 
niended  this  process  as  peculiarly  well  suited  for  blowing  up  fortifications  and  bltet* 
inff  under  water. 

In  England,  about  five  years  aflerwards,  efforts  having  been  unsuecesefully  mmde 
bj  other  means  of  ignition,  to  remove  the  wrecks  of  vessels  by  the  exploeion  of  gun- 
powder previously  introduced  into  their  holds,  galvanic  ignition  was  resorted  to  pur- 
•oant  to  my  suggestion.  Nevertheless,  upon  the  plea  that  my  apparatus  had  not  been 
•mployed  to  affect  ignition  **  under  watery''  resort  was  had  to  another,  which  was  of 
course,  previously  to  trial,  amenable  to  the  same  objection.  In  fact,  the  deflagrator 
was  peculiarly  competent  to  effect  ignition  under  water,  far  more  so  than  the  con- 
stant battery  which  was  used.  This  arises  from  the  completion  of  the  circuit  being 
aliected  bv  throwing  the  acid  on  the  plates  at  the  moment  when  the  ignition  is  re- 
oaired.  in  this  mode  of  operating,  a  transient  power  may  be  obtained  far  greater 
tnan  can  be  had  from  an  equal  extent  of  surface  m  a  constant  battery. 

Finally,  however,  Col.  I'aisley  succeeded  in  blowing  up  the  wreck  of  the  Royal 
George,  by  means  of  galvanic  ignition.  Since  then,  a  person  by  the  name  of  Colt, 
bms  applied  the  process  of  galvanic  ignition  so  successfully,  as  to  blow  up  a  vessel  at 
tbe  distance  of  several  miles  from  the  battery  employed.  In  the  employment  of  this 
process,  it  does  not  appear,  that  he  made  any  due  acknowledgment  either  as  to  CoL 
Paisley  or  myself.  So  entirely  was  Uie  committee  of  congress  with  whom  he  con- 
ferred, in  the  dark,  that  in  April  last,  both  Prof  Joseph  Henry,  of  Princeton,  and 
mjeelf,  were  applied  to,  by  the  Secretary  of  War  of  the  United  States,  to  give  that 
inlbrmation,  which  it  was  evidently  Colt  a  duty  to  have  given  at  the  outset 


» 

the  bodies  exposed  to  it,  can  be  riewed  by  aaproianj 

eyes.* 

450.  On  comparing  the  light  thus  generatod  from 
hundred  pairs  oi'  seven  by  three  inches,  with  that  of  ii 
die,  the  ratio  appeared  to  be  as  sixteen  hundred  to 
The  shadow  of  the  whiskers,  or  of  a  promincot  loctrf 
hair,  partially  intercepting  the  light,  was  cast  upoo  a 
with  extraordinary  accuracy.  The  side  of  an  adjuoi 
house,  on  which  the  rays  fell  in  the  night,  appeared  ul 
illuminated  by  the  sun. 

451.  When  a  rod  of  platinum,  of  a  quarter  of  an  ivi 
in  diameter,  while  attached  to  one  pile,  was  made  toloaJ 
charcoal  attached  to  the  other,  the  instantaaeous  futUBc' 
the  platinum  at  the  point  ensued.  A  knitting  needle  s* 
stituted  for  the  rod  of  platinum  was  explosively  drft- 
grated.  In  such  cases  the  wire  is  destroyed  in  detail,  ik 
combustion  being  limited  to  the  vicinity  of  tlic  end.  Fat 
this  and  other  deflagrations  where  a  metal  is  in  qoPSM. 
it  answers  better  to  have  one  charcoal  electrode,  tlaaW 
have  both  of  metal.  Two  metallic  electrodes  are  liitbfen 
be  soldered  or  welded  together.  The  incorporaliao  lk« 
arising,  takes  place  even  under  water.  A  platiuum  »» 
brought  into  contact  with  an  iron  rod  under  water  mar  kt 
welded  thereto.  It  is  preferable  to  have  one  wire  aIwiii 
stouter  than  the  other.  Of  course  tin-foil  and  other  W 
metal  are  rapidly  dellagrated  by  the  same  process  as  :!>t 
knitting  needle.  A  jet  of  mercury,  so  regulated  as  not  to 
form  a  stream  quite  continuous,  being  made  the  mcdiiai 
of  the  discharge  of  a  deflagrator,  a  splendid  efliikeiKe  a- 
sues,  arising  from  the  combined  effects  of  the  couibuslica 
of  the  metal  and  the  galvanic  light. 

DrJIagration  with   lAijuids. 

453.  Let  a  concentrated  aqueous  solution  of  chlondf  of 
calcium  be  first  brought  fully  into  contact  with  a  stuvl 
platinum  wire,  acting  as  the  positive  pole  of  a  deflagraiw 


*  On  one  DcCHsian,  after  mnking  some  c 


led,  IhiL  all  g 


-Ji  the  falluwini;  daj  they  wcro  lilooJ-ihol,  and   lo  groatly    iofliiasd,  tlwt  A  «* 
deoinod  eipBdienl  lo  apply  twenty  leeches  lo  eiich  to  Drocor*  relief. 

On  inother  occiiion,  Bimilu  coiiMquencei  enaued  to  m  aaaulanl,  «bs  >*•  >■ 
doterred  train  lubjaclmg  hii  sjci  injadicioiul;  to  ui  ordval  lika  iK»i  itfad  hM 
had  undergone. 
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f  about  three  hundred  pairs,  seven  inches  by  three,  in  full 
Deration.  In  the  next  place,  let  a  platinum  wire  of  about 
I  o.  30  of  the  wire  gage,  acting  as  the  negative  pole  of  the 
i^ine  series,  be  allowed  barely  to  touch  the  solution,  the 
lost  intense  ignition  will  ensue,  causing  the  platinum  to 
e  fused  rapidly  into  globules,  which  will  be  found  at  the 
ottom  of  the  solution.  An  analogous  result  ensues  with 
ther  saline  solutions,  if  capable  of  a  similar  degree  of 
eiisity.  The  fusion  of  the  platinum,  however,  is  much 
lore  readilv  effected  with  the  chloride  of  calcium.  This 
rises,  I  infer,  from  the  extrication  of  the  calcium,  its  union 
rith  the  platinum  momentarily,  and  subsequent  rapid  com- 
bustion by  the  oxygen  of  the  water. 

453.  It  is  remarkable  that  this  experiment  could  not  be 
lerfbrmed  by  a  deflagrator  of  one  hundred  pairs  of  seven 
Lud  a  half  by  fourteen,  although  succeedins  perfectly 
ritb  three  hundred  pairs  of  seven  by  three,  having  less 
ban  two-thirds  of  the  surface  disposed  in  a  series  of  an 
nlerior  number. 

454.  There  is  no  mode  by  which  a  small  portion  of  a 
lubstance  can  be  subjected  to  heat  in  the  araence  of  the 
ixidizing  influence  of  the  air,  or  with  the  co-operation  of 
be  deoxidizing  affinity  of  hydrogen,  so  powerfully,  as  that 
>f  a  large  voltaic  series  acting  in  a  receiver  capable  of 
exhaustion  and  replenishment  with  that  gas  or  any  other. 
Subjecting  phosphuret  of  lime  in  this  way  to  the  intense 
grnition  produced  by  two  hundred  pairs,  each  of  nearly 
leven  and  a  half  by  fourteen,  I  reduced  the  calcium  very 
learly  to  a  state  of  purity,  as  a  small  portion  acquired  a 
metallic  brilliancy  under  the  burnisher,  and  decomposed 
irater  rapidly  on  being  thrown  into  it. 

455.  Having,  in  like  manner,  exposed  cyanide  of  cal- 
::iuin,  the  result  was  similar,  but  less  exceptionable,  as  this 
sompound  does  not  possess  the  property  of  liberating  hy- 
drogen from  water,  so  that  the  acquisition  of  the  property 
indicated  more  certainly  that  the  substance  evolved  was 
calcium*  In  cither  case  lime  was  found  in  the  water,  in 
which  the  supposed  calcium  had  been  immersed. 
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Of  the  Electrolytic  Power  of  Galvanism^  or  Galvtaacfmo 
of  Chemical  Decomposition. 

456.  The  voltaic  series  was  6rst  discovered  to  hn 
powers  of  decomposition,  or  electrolysis,  by  Nichofc« 
and  Carlyle.  These  ingenious  investigators  foiind,  * 
subjecting  water  to  copper  wires  acting  as  the  eleciiofa 
of  a  voltaic  pile,  that  while  hydrogen  was  evoUcd  >i  * 
negative  electrode,  the  positive  electrode  was  ontoi 
But  when  wires  of  gold  or  platinum  were  used,  both  of  fc 
gaseous  elements  of  water  were  evolved.  In  the  ftrfkwiij 
summer  1  was  invited  by  my  predecessor.  Dr.  Woodbow 
to  see  the  experiment  then  going  on  in  his  laboratofr.h 
means  ofn  series  constructed  of  disks  of  copper,  ziucW 
moistened  cloth.  This  was  considered  as  a  great  (tepi 
science  at  that  time,  when  It  was  still  denied  that  n"^ 
could  be  decomposed,  or  that  the  hydrogen  obtainai  1* 
passing  it  in  the  state  of  steam  over  Jncandewenl  ii* 
was  an  element  of  that  liquid.  To  the  evolulioo  of  it 
gaseous  elements  by  the  voltaic  pile,  those  who  conyii^ni 
it  as  a  compound,  appealed  with  elation ;  and  the  procfi 
that  it  could  be  thus  electrolysed,  as  we  would  now  aj. 
were  finally  such  as  to  silence  all  who  had  beeo  incROt- 
lous.* 

•  Engraving  and  Dtttription  of  an  Jlpparatta  for  tkt  Decompcntiim  mU  »iiiW 
t\OR  of  Water,  employed  in  the  Laiorafory  of  the  Mtdical  Dtpartma^  ^  (!•'■*' 

tity  of  Pennst/lraiiia. 

HsTing  to  illuBlrnte  the  dec oin position  D 
between  ihroB  nnd  four  hundred  pupils,  i  hi 

ceH  on  ui  oitensive  sciiU.     Honce,  for  maBj  years,   I    h.vo  •mplcjed  ■  (iai 
at  about  two  inches  in  bore,  ind  about  two  feet  in  height,  furnisheil  with  tv* 
lures,  B,  h,  about  tlirea  inches  below  tlic  upper  extremitj.  where  the  bnre  remt   . 
to  an  apei,  having  an  aperture  not  Inrger  Ihsn  a  cooac  ijaill.      Upon  this  aau  ttM 
is  an  iron  cap,  in  which  a  female  screw  is  wrouglil  so  u  to  tltow  ■  latf«  irga"^ 

Upon  the  lubulures  iron  caps  are  cemented,  which  are  so  wroufbt.  W.  •Mt* 
aid  of  appropriate  screws,  to  conslitute  atufliag  bnxes.  Through  ra3i  odTtto*  il* 
tins  rod,  D,  or  d,  is  introduced,  and  fastened  to  plate*  of  pUUna,  lo  tct  M  **» 
trades,"  agreenblj  to  the  lanffuage  of  the  celebrated  Paraday. 

The  lubo  being  Bupportod  over  the  mercurial  cist-rn,  by  me>tni  "f  i  ~— =««• 
lion  wilb  an  nir  pump  through  Iho  yalve  cock  ami  lleiible'  Ipade..  u.ur.  lii.  <f^'  - 
the  lube  is  exhausted  of  air,  so  ae  to  cause  the  infrcurr  to  take  its  pbci      Tlx  »" 

tube  alMiul  an  inch  or  more  below  the  "electrodes  "      The   projecting  end  oi  •"  ■ 

Bule,  supported  purposely  at  a  proper  height,  and  communicating  with  oetnt' 
my  deflagralor  of  an  hundred  pairs  of  Cruickshank  platec,  described  paf«  31  '^ 
course  the  rod  of  the  other  electrode  roust  have  a  FommanicaboD  with  Uwowsf" 


457.  In  1807,  Davy  made  the  grand  discovery  of  the  com- 
'^position  of  potash  and  soda,  by  means  of  two  hundred  pairs 


oftbBdaflu. 
I    tag  the  Kid  i  . 

J  "'J'f*''  *'"  «°iua  in  conMqucnee  of  ths  decompoaitioD  of  tha  water,  ao  that  within 
^  a  taw  Mcondi,  HTcrel  cubic  inehet  of  gu  will  t>a  colleotad. 

'  Tha  LctioD  boins  now  (utpeaded  by  throwing  tha  acid  offlha  platea,and  tha  foam 
'  baiu  allowed  (aiiibiide,  the  reiulting  guaoua  miitDre  ma;  be  ignited,  aad  of  coone 
''  eoodetiaad,  bj  completing  tha  circuit  waio  aa  at  fint,  and  at  the  aame  tiina  eaaaing 
"  Iba  anda  of  the  "  eieclrodea"  to  come  lato  contact  with  Mcb  other,  and  thaa  to  pro- 

iaet  a  apark.  Tbia  conUct  ia  efiaeted  bf  cauaiog  a  verj  alight  moTemant  in  the 
'  lod,  beat  at  right  anglsi,  and  anlaring  the  marcarj  in  the  iroD  capaule.  Of  cooraa 
'  Iba  proceaa  may  be  repealed  ai  often  aa  can  be  raaaonablj  daaired. 

Omwmtimi  oflkt  JImalgam  of  Amvumiam,  up<m  a  large  Mcalm,  by  "  EUctrolu^tum." 
I  An  open  necked  bell,  A,  inverted  and  lupporled  aa  in  the  Ggare,  ie  furniahed  with 
,  I  ^Dg,  P,  by  which  the  orifice  in  tha  nack  ma;  be  eloied  or  opened,  more  or  laae,  aa 
,  MBmbla.  The  lower  part  of  the  cavity  of  the  bell  ie  occupied  by  mercary,  covered 
,  hf  a  etiatum  of  a  concentrated  aolntion  of  chloride  of  ammonium  (lal  ammoniac). 
,  An  iron  wire,  W,  ao  covered  with  gum  alaatic,  a>  to  ptia  through  the  aolulion  of 
,   aUorida  without  any  conducting  contact,  eatabliahea  a  communication  between  tha 

enry  and  tha  nentive  pair  of  tha  aariea.    Bj  meana  of  a  plalina  itrap,  B,  a  like 

mnnieatioa  ia  eUcted  between  the  pcaili*e  pole  and  tha  diaaolved  chloride.  Tha 
It  bving  completed,  tha  mereuij  aoon  awetla  np,  aaaoming  tha  wall  known  ap. 
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of  four  inch  square  ptatefl.  By  Sweiger  and  Boa 
analogous  results  were  obtained  by  using  mercnrj  M 
negative  electrode.  By  the  presence  of  ihis  mielal 
nascent  metal  of  the  earth  subjected  to  the  process,  w 
a  certain  degree  protected  from  o\idatioD,  whidi  o 
wise  would  have  prevented  it  from  beine  retained 
metallic  state.  Davy,  by  aubinilting  the  amalgams  tt 
tillation,  obtained  minute  portions  of  barium  and  g 
tium,  imperfectly  deprived  of  mercury.  In  tbc  distill 
of  the  amalgam  of  calcium,  he  failed,  as  llie  tube  I 
before  the  process  was  complete.  From  my  e-tperiiaei 
infer,  that  with  sixty  grains  uf  mercury,  which  was  tbet 
tity  which  he  employed,  he  could  not  have  obtainn 
available  portion  of  the  metal  had  the  process  succe 
458.  By  means  of  two  dcflagrators,  each  of  one  bm 
pairs,  seven  and  a  half  inches  by  fourteen  (■il5),  I 
enabled,  in  1839,  to  procure  as  much  as  360t)  grai 
the  amalgam  of  calcium.     From  this  the  mercurT'ini 


^ 


sperture.  by  mesng  itt'ths  i 

the  bell,  which  I  hnvo  used,  ia  aboul  live  iiicli?«. 

It  h4S  been  fuund  ad viinU|[eauit  to  KdJ  liquid  a 
cionl  quuililj  to  prevBnllhB  evolu"         ''"'"  " 
gam  when  in  canUcl  with  it  bcjoi 
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II  tilled,  by  means  of  a  cracible  included  in  a  cast  iron 
r  alembic,  the  cavity  of  the  latter  having  been  previously 
:  supplied  with  some  pure  caoutchoucine  to  expel  oxygen. 
:  In  this  way  I  obtained  sixty  grains  of  calcium.  In  subse- 
:  quent  efforts  I  also  succeeded  in  obtaining  about  the  same 
quantities,  respectively,  of  barium  and  strontium.* 

On  Secondary  or  Indirect  Decomposition. 

459.  In  the  case  of  the  decomposition  of  a  liquid  by  wires, 

'  acting  as  electrodes,  it  was  formerly  inferred  that  the  ele- 

'  jnents  which  appeared  at  the  electrodes  were  liberated  by 

^  a  direct  electrolytic  influence,  but  Faraday  has  shown  that 

the  evolution  of  the  element  of  one  compound,  another 

€X>mpound  being  present,  may  cause  the  decomposition  of 

*  Th«  cuU  having  unexpectedly  been  fonnd  to  be  miwing,  and  not  deemisf  it  ex- 
pedient to  itop  the  preee  in  order  to  replace  them,  f  htTe  to  omit  giving  an  eogrmTing 
mmd  deeeription  of  the  apperatos  employed  in  the  procewei  abore  mentioned  (444, 
46S). 

Ae  no  account  of  theae  metala,  ae  procured  bj  me,  ia  given  vnder  Inorganic  CIm* 
nivtr^,  the  atatementa  made  reepecting  them  in  the  laat  editioii  of  this  TraiHne  tif 
•objoined. 


PropwtUs  qf  Caloarai,  Bartiim,  mid  SlrmUmm, 

When  the  heat  waa  aufficient  to  expel  all  the  mercnrj,  the  metal  was  fbond  atf* 
hering  to  the  bottom  of  the  crucible  in  a  cruet,  which  required  an  edge  tool  to  detaeh 
it,  though  no  incorporation  of  the  iron  with  it  appeared  to  have  talien  place.  When 
in  diatifling  calcium,  a  crucible  of  platina  waa  employed,  a  portion  of  thia  metal  was 
found  to  have  united  with  eome  of  the  calcium,  being  detached  therewith  in  the  form 
of  a  bright  metallic  acale. 

In  consequence  of  their  auaceotibility  of  oxidation,  and  of  union  with  the  elemaiite 
of  naphtha,  the  metals  obtainea  as  abovementioned  were  devoid  of  metallic  lostrt 
nntil  their  aurfacea  were  removed  by  a  file  or  bumiaher.  Either  was  rapidly  ood- 
dixed  in  water,  or  in  any  liquid  containing  it ;  and  afterwarda,  with  teats,  gava  thf 
appropriate  proofs  of  its  presence.  Thev  all  sank  in  aulphnric  ^id:  were  all  brittle, 
nod  fixed,  and  for  fusion,  required  at  least  a  good  red  heat.  After  being  kapt  Ib 
naphtha,  their  eflTervescence  with  water  is,  on  the  first  immersion,  much  less  aetiv*. 
Under  auch  circumstances,  they  react  at  first  more  vivaciously  with  pure  ether  than 
with  water,  or  even  chlorohydnc  acid ;  because  in  these  liquids  a  reainoua  covariog, 
derived  from  the  naphtha,  is  not  soluble,  while  to  the  ether  it  yields  readily. 

By  means  of  solid  carbonic  acid,  obtained  by  Mitcheirs  modification  of  Thi1orier*s 
process,  I  froze  an  ounce  measure  of  the  amalgam  of  calcium,  hoping  to  eflfect  a  par- 
tial mechanical  separation  of  the  mercury,  by  straining  through  leather,  aa  in  the  case 
of  other  amalgams.  The  result,  however,  did  not  Justify  my  hopes,  as  both  metals 
ware  expelled  through  the  porea  of  the  leather  aimultaneously,  the  calcium  forming 
forthwith  a  pulverulent  oxide,  intermingled  with  and  diacolonred  by  mercury  in  a 
state  of  extreme  division. 

By  the  same  means  I  froxe  a  mass  of  the  amalgam  of  ammonium,  aa  large  aa  the 
palm  of  my  hand,  so  as  to  be  quite  hard,  tenacious,  and  brittle.  The  mass  floated 
apon  the  mercury  of  my  mercurial  pneumatic  cistern,  and  gradually  liquefied,  while 
its  volatile  ingredients  escaped. 

Whan  the  freexing  of  the  amalgam  waa  expedited  by  the  addition  of  pure  ether, 
tKa  rasolting  aolid  effervesced  in  water,  evolving  ethereal  ftimes.  This  aeema  to 
show  that  a  portion  of  thia  ether  may  be  incorporated  with  ammonium  and  mar. 
emij.  witlioat  depriving  the  aggregate  thna  formed  of  the  chaiaelerislica  of  a  metal- 
iieaUoj. 
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the  latter  when  the  element  first  evolyed  has  a  fnim 
nant  affinity  for  one  of  the  constituents  of  tlie  rompod 
to  wliicli  it  is  thus  presented.  Thus  the  deposiiioD  oft 
metal  at  the  negative  electrode  from  a  eoIulioD  of  Mtd 
its  salts,  by  exposure  to  the  circuit,  may  be  the  ( 
quence  of  its  oxide  being  decomposed  by  the  affininrf 
hydrogen  in  a  nascent  slate  as  evolved  frora  water.  T^i 
nitrogen  evolved  at  the  anode  from  liquid  amtDOaia,  mis 
like  circumstances,  is  conceived  to  be  liberated  by  ik 
union  of  its  hydrogen  with  the  oxj-gen  of  water  diietw 
decomposed. 

460.  As  in  the  electrolysis  of  salts  of  the  alkaticj  td 
alkaline  earths,  when  mercury  is  employed  as  the  Hff' 
tive  electrode,  an  amalgam  is  obtained  of  the  melMt 
radical  of  the  salt,  I  had  formed  the  opinioQ  tbtt  it 
is  the  metallic  oxide  which  is  the  subject  of  direct  d*- 
composition,  and  that  when  hydrogen  appears  at  tl>e» 
thode  it  is  the  consequence  of  the  decompoi^itioD  of  th 
water  by  the  metal.  It  is  known  that  as  soon  as  cidw 
of  these  in  its  metallic  state  touches  water,  seizing  At 
oxygen,  it  liberates  the  hydrogen  of  this  litfuid.  wiiw- 
quently,  I  found  that  Matteucci,  a  distinguished  Italian  rfu- 
losopher,  had  arrived  at  the  same  opinion  as  myself,* 
this  subject,  after  performing  a  series  of  laborious  eipefh 
ments  with  a  view  to  ascertain  the  truth. 

461.  This  question  must  excite  great  interest  from  ik 
fact,  that  it  has  an  important  hearing  on  the  cleclrolvtK 
investigations  rct<iitly  made  by  Daiiicll,  which  [•\  Kanr- 
Graham,  and  others,  as  well  as  the  author  of  them,  ha^e 
been  considered  as  justifying  the  salt  ra<lical  theorv.  Be. 
in  either  way  of  viewing  the  suhject,  Faraday's  suiri^e^li'^f.^ 
that  the  elements,  which  are  the  ostensible  pro<iucis  o!' lir 
process,  may  be  indirectly  evolved,  is  fully  sustained.* 
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ti//5  obtained  hy  long  enduring  GalvanthEledric  Currents 

^  how  Intensity. 

162.  Becquerel  and  Were  Fox,  have  drawn  the  atten- 
I  of  the  scientific  world  to  processes,  in  which  galvanic 
rents  long  continued,  of  low  intensity,  have  been  suc- 
sfully  employed.  It  has  been  rendered  probable  by 
investigations  and  obi^ervations  of  Were  Fox,  that  gal- 
lic circuits  are  among  the  most  efficient  causes  of 
tallic  depositions  in  mines,  and  by  Becquerel,  the  pro- 
ses of  nature  in  the  formation  of  crystals  have  been 
tated.  In  this  path,  laborious  experiments,  of  unpre- 
ented  endurance,  have  also  been  made  by  Crosse.  It 
3  during  some  efforts  to  produce  by  the  voltaic  current 
stals,  and  other  compounds,  analogous  to  those  found 
mture,  that  this  zealous  electrician  observed  a  species 
louse,  since  called  acarus  galvanicus,  to  appear.  It  is 
tainly  miraculous  that  these  insects  should  come  into 
stence  under  the  influence  of  agents,  which  are  never 
nd  to  enter  into  the  constitution  of  animals,  and  which 
of  a  nature  to  destroy  life  in  the  case  of 


Flf.  94. 


I  ciremmttiieM,  the  seriM  being  in  «  ■ofBcient  degree  of  actiTitir.  the  meiciirj 
If  u  the  Beffatire  electrode  teparmtee,  and  anitee  with  %nj  metaJiio  cathion  in 
electrolyte  held  hj  the  eolation  eabjected  to  the  proceee ;  meenwhile  the  makm 
le  electrolyte  is  oTolTod  et  the  anoide,  or  where  the  eur^ee  of  the  platiaa  elee- 
•  if  in  eoatact  with  the  liquid  (358). 
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nature  in  general.  The  ineect  so  much  reseroUv  i 
cheese  mite,  that  it  might  be  DiistakeD  therefor  as  i 
hasty  examination. 

463.  The  experiments  of  Crosse  have  been  r^paiit 
with  modihcations,  by  Weekes  of  the  London  EltcuiaJ 
Society.  This  ardent  investigator  subjeclcd  to  ibc  ^ 
Tanic  current  solutions  of  silicate  of  potash,  in  glas» 
ceivers  over  mercury,  the  greatest  care  being  lakc«» 
guard  against  the  access  of  any  extraneous  bodies  t* 
der  these  circumstances,  after  an  uuinterriiplvd  cxpooi 
during  upwards  of  a  year,  insects  arc  allcircd  lo  have  w»k 
their  appearance  perfectly  resembhng  thoee  which  femi 
to  come  into  existence  during  the  experiments  of  Cim* 
Mr.  Weekes  has  since  asserted  that  the  acnri  appeared  ■ 
have  originated  in  a  solution  of  fcrroprussiale  of  pottA 
The  origin  of  these  insects  is  inexpHcable,  since  il  b 
utterly  impossible  that  they  can  be  created  by  the  iLgon 
and  process  employed.* 

*  On  tliU  aubjeci,  in  mj  Inlradnctorj,  delivered  ia  IB13,  I  eipnanJ  mwMm 
fcllowa  ] 

A  few  yours  aince,  mnny  of  lire  more  inconsiderate  among  the  rniiiiw  nMirf 
•ooiely,  were  enrriod  awnj  bj  an  bccouiH  reipcctinr  certain  expnuanlil^taf* 
tions  made  br  an  entliasiastiG  eleclricisn,  to  believe  id  the  genenluiit  of  onMa* 
■ect*  through  the  inQiit-nee  of  the  lollaiG  current.  It  strnck  ow  at  Grat,  ^t,» 
Bolhia^  lata  than  the  minculoua  interiwaitian  of  the  Deity  cooM  nie  matttmA 
Ufo,  tbia  DUTBliTe  maat  ba  a  joeuhr  fictiao,  like  the  ■latemvnl  mnnnl^  M^ 


obaervationB  of  Herai^hel.  in  aid  of  which  the  llzht  of  the  fay<ltn  1 1 1  n  i  ii  Flu  a  f 
Same  was  ein|ilayed  lu  co-opcrale  wilh  the  solar  revs  in  illciiriinaMic  ^r4aa.a 
the  lunar  surfuce,  at  llio  disUnee  of  moro  Ihan  two   liundnHi    and  XhJl,  tk>^ 

It  waa,  nevorlheleaa,  true,  that  an  equivocal  di^scription  had  been  cit*B- '>(•■' 
earneal,  tending  lo  create  Iho  idea  Ihal  animal*  liad  been  ^neraied  by  a  tnitixc* 
rent  out  of  ailic^aua  earth, alkali  and  acid.  It  tubscijuently  appeared.  nollhalvaB 
■pecles  ofacari  or  iice  had  been  created,  but  thai  (hey  had  been  t^iaaWalrd M  iMM 

it  had  been  quits  as  practicable  lo  repeat  the  Mosaic  miracle  of  brmcing  ntar  fcs 

arocli,bylhebloworarod,  without  siipamataral  aid.  as  lo  create gi^J 

beinea  by  the  mnlcriala  and  apparalua  employcil  by  the  clectricisa.  raraHniaa 
■onable  were  it  lo  eipDCl  the  farmation  of  a  watch  by  aubjocUDr  Ibe  cnavT* 
metala  reijiiioilti  fur  ita  construction  In  the  vollaic  pr(H:cBB. 

Perhaps  human  genius  has  in  no  instanea  approached  more  nearlv  to  ttis  fn^>- 

locomolive  steam  eneine,  of  which  the  furnace  may  beconaidered  u  p*[fnr=iJ(  !*■ 
office  ofa  slomach,  tlie  cylinder  and  pipea  thul  <.l"  the  boweia,  wi.ilc  the  •htX  «"• 
and  whecln  act  as  limbs  :  bul  atill  the  will,  Ihc  inslmcl,  the  povet  of  talT-ninaa 
lion,  and  the  heavcnliorn  sense  ofexislence.  are  deficient. 

In  fact,  human  effurta  have  never  attained  Iho  point  of  making  a  ach'D:'^! 
machine,  or  perpetual  motion,  however  wrong-headed  prnjeclora  mav  hire  ift.m 
tbetnaelves  and  others  wilh  false  eipccUtions  of  succcsa  in  that  ,mpracticib«  X^ 
ject.  For,  although  there  be  in  nalure  incessant  tnnveaienta,  like  Ibw  of* 
planela.oi  of  waves,  lic,  and  currenls  which,  originaling  from  calonfie  «  al«(n» 
changea,  move  or  flow  without  intermission  from  age  to  age,  aoch  aoor^  of  B>°<» 
■re  not  lo  be  created  by  man. 
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ImporiatU  Infereiusu  cfFwraday^  rupeeHng  EUdtmlydi. 

464.  Among  many  important  services  rendered  by  Faraday,  is  that  of 
bmonstrating  that  electro-cbemical  decomposition  takes  place  in  equivalent 
fttio,  being  always  directly  as  the  quantity  of  electricity  which  passes  by 
be  electroTytic  separation  and  rearrangement  of  the  ions  (SdO).  For  the 
Bvesiiffation  of  the  phenomena  dependient  on  this  law,  an  instrument  was 
levised  by  him,  which,  being  interposed  in  the  circuit,  enabled  him  aoco- 
fttely  to  measure  the  gaseous  products  of  the  electroljrtic  decompositioo  of 
rater.  The  result,  thus  obtained,  was  assumed  as  a  standard  by  which  to 
stiaiate  the  products  of  the  decomposition  of  other  electrolytes  exposed  to 
be  same  current  simultaneously  with  water*  To  the  instrument  thus  em* 
cloyed  the  name  of  volta  electrometer,  or  by  abbreviation  voltameter,  has 
een  given.  The  construction  of  this  instrument  does  not  diflbr  essentially 
irom  the  apparatus  above  described  for  the  decomposition  of  water  (note  to 
k50),  excepting  the  absence  in  the  latter  of  graduation,  by  which  the  V(^ 
lime  of  the  gas  generated  is  ascertainable  on  inspection. 

466.  By  means  of  this  apparatus  it  was  asoerlained,  that  when  the  fhsed 
blondes  of  tin  and  lead  were  either  severally  or  simultaneously  subjected 
o  the  same  active  circuit,  so  that  the  products  of  their  decompositioo  might 
le  compared  with  those  of  water  with  water,  the  weight  of  the  elementSy 
fTolved  from  this  liquid,  collected  in  the  voltameter,  and  those  of  the  chlo- 
ioe  and  metals,  liberated  from  the  chlorides,  were  to  each  other  as  their 
quivalents,  H  1,  O  8,  CI  36,  Pb  104,  8n  59,  C  (560). 

466.  By  these  results,  and  many  others  of  an  analogous  character^  it 
aems  to  have  been  fullv  established,  that  the  quantity  of  any  electrolyte 
fhich  can  be  decomposed  by  a  galvanic  current  is  directly  as  the  qoantity 
pf  the  electricity  which  passes  through  it:  moreover,  that  the  weights  of  di^ 
erent  electrolytes  discomposed  by  the  same  quantity,  will  be  to  each  otlier» 
B  the  numbers  by  which  their  atoms  are  represented  in  the  table  of  equiva- 
sots.  The  only  motive  for  increasing  the  intensity  by  a  numerical  exteoaioo 
»r  the  series  employed,  is  that  for  the  passage  of  the  fluid  by  the  electro- 
jrtic  process,  the  requisite  force  must  be  as  the  reciprocal  itenity  of  the 
MIS  of  the  electrolyte  employed.  Thus,  as  in  the  chloride  of  caldam,  a 
Cronger  aflinity  is  to  be  overcome  than  in  decomposing  the  iodide  of  that 
oetal,  a  greater  number  of  pairs  are  required,  but  the  quantity  of  the  oom- 
NMinds  in  question  decomposed,  will  be,  ceteris  parilmi^  as  the  dne  of  the 
ilates,  without  reference  to  the  number  of  the  series. 

467.  Not  only  did  Faraday  show  that  the  weights  of  the  ions  evolved 
ry  the  same  galvanic  current  from  diflerent  electrolytes,  and  consequently 
he  weights  of  these,  were  to  each  other  as  their  equivalent  numbers,  it  was 
ilao  shown  by  this  skilful  experimenter,  that  to  produce  the  same  quantity 
tf  electricity  from  different  metals  by  galvanic  reaction,  the  weights  of  tlie 
piantities  corroded,  must  be  to  each  other  as  the  equivalent  numbers  of  the 
netals.* 


*  It  sMiiii  to  me  remarkable,  that  under  theae  eirenmataiieea,  no  reference  is  oMide 
ly  Faraday  to  the  analogooi  reenlta,  obtained  by  Pettit  and  Duknig,  reepeeting  tpecifte 
test  It  w  well  known,  that  it  was  rendered  nighlj  probable,  by  theee  philoea^bere, 
fast  the  qoantitj  of  heat  ffiren  ont  by  bodiee  wae  eqoallj  great  for  each  alomio 
loirivaleiit.  The  epeeifie  beat  of  every  gas  ia  the  eame,  so  Umt  although  the  weight 
IT  sqiial  volumes  or  gaseous  hydrogen  and  oxygen  are  as  one  to  sixteen,  the  qoano^ 

a 


s« 

^n  Inttreiting  Sumtaarj)  ofFaradai/'a  Tafennect. 

The  following  suminnry  of  his  inferenees  is  given  by  Fitniaj. 

4G«.  "i.  A  single  ion,  i.  e.  one  not  in  combinntjon  wilh  Mrtl 
have  no  lendtncy  lo  pass  lo  either  of  ihe  eleictro«l<»,  nnd  will  tofcrfri^ 
indiflerent  lo  llie  passing  rurrcnt,  unless  it  be  itsnir  a  comrxM^d  t/wm 
alementary  tons,  and  so  subject  to  actual  decomfKtsition-  t  poa  ihbfisk 
fiiunded  much  of  tho  proof  adduced  in  TnvDur  nl'the  new  ibMiir  of^H^ 
cllemicBl  decomposition,  which  I  put  forth  in  a  former  acriai  of  |ImI» 
searches. 

469.  "  ii.  ir  one  ton  be  combined  in  right  proportiooa  wMi  m^ 
dtrotigly  opposed  to  it  in  its  ordinary  rhemical  rt^laiions,  i.  e,  if  aM 
be  combined  with  a  cation,  then  both  will  travel,  tho  one  to  theftarf^t 
other  lo  the  cathode,  of  the  decomposing  body- 

470.  "iii.  If,  therefore,  an  ton  pass  towards  one  t-f  ihr  rl"iTiJw,> 
other  ton  must  also  be  passing  simullaneously  lo  ihe  other  ektfn^* 
though,  from  secondary  action,  it  may  not  make  its  ap|>earain^ 

471.  "  iv.  A  body  decomposable  directly  by  the  electric  cumaLi-kl 
thelrolyte,  must  consist  of  two  ioju,  and  must  aUo  render  th*™  f^^^ 
the  act  of  decomposition. 

473.  "  V.  There  is  but  one  tUctrolyte  composed  of  tht  M^tatril 
mentary  ion»;  at  least  such  appears  lo  be  the  fact,  ilepcndant  upaifel 
that  on(y  nngU  eteetro-ehemieal  eqaivaUt^t  of  elttntntarj  to«f  cm  |»I 
ihe  clectrodet,  and  not  muttipUs. 

473.  "  vi.  A  body  not  decompoaable  when  alone,  as  boracic  add,  ■■ 
directly  decomposable  by  Ihe  electric  current  when  in  oonibinatk*!.  Il»^ 
act  as  an  ion  going  wholly  lo  the  anode  or  cathode,  but  dtus  tut  jirili 
its  elements,  except  occasionally  by  a  secondary  actioo.  IVrtepa  M  ■■ 
perfluoua  for  me  lo  point  out  that  this  proposition  hon  no  rctoiaa  MM 
Cftees  as  that  of  water,  which,  by  the  presence  of  other  bodies,  it  rata 
B  better  conduclor  of  electricitv,  and  tkerffore  is  more  freplv  ili    niMwf 

474.  "vii.  The  nature  of  the  Kuhstnnce  of  which  thcp|(^:!r.>=-  i.  ;-™rt 
provided  il  be  a  conductor,  causes  no  difference  in  the  eleciro-drrr'ca* 
lion,  either  in  kind  or  degree:  but  it  seriously  influences,  bv  s^vfn.Jarj  k 
lion,  the  stale  in  which  ihe  ions  finally  appear.  Advnntaec  mav  Xif  aie 
oflhis  principle  in  combining  and  collecting  such  ions  as,  ifevolfed  si  '^ 
free  stale,  would  be  unmanageable.* 

475.  "viii,  A  Kubstunce  which,  being  used  as  thocleclrode.can  cc'irb* 
with  the  ion  evolved  against  it,  is  also,  I  believe,  an  ion,  nnd  combat  5 
such  cases,  in  the  t;uanlily  represented  by  its  eJectro-chrmirrtl  rqnictik* 
All  the  experiments  I  have  made  agree  with  ibis  view  ;  and  il  ^wms  t?  v 
at  present,  lo  result  as  a  necessary  consequence.  Whether,  in  rhf  *m* 
dary  actions  that  take  place,  where  the  ion  acts,  not  ujmn  the  matter  of* 

of  heat  in  the  equal  ipsces  which  they  occupy  are  equal ;  so  thai  the  ipecifc  !■•»  • 
theiO  gasea  are  inversely  as  their  dcnaitios  or  weiglits.  The  den.njp.  of  htinf^ 
oxygen,  nitrisen,  and  chlorine,  being  respectively  as  I.  S.  H.  :(tl,  ibe  tptt:\x  iiU 
of  equal  wcigliU  of  hydrogen,  oiyt'on,  nitrogen,  and  chlorine,  are  iDrrrwti  u  i>- 

•  It  will  often  happen  that  the 

ing  with  or  oppoiini;  thai  oflhe  voltaic  arrangoment  used,  and  m  thuair.rt' 
direct  chemical  action,  may  aadly  diaturb  Ino  leiulti.  Still,  in  the  miilit  a'>- 
theae  confuaing  effects,  the'aloctric  current,  which  actually  pu«e«  in  aot  iinc^ 
thiuugh  the  body  suffering  decompoailian,  will  produce  iu  own  del)iut«  ttKt'vM' 


59 

^rlectrodei  but  od  that  which  is  around  It  in  the  liquid*  the  same  ooDsequenoQ 
Ibllows,  will  require  more  extended  investigation  to  determine. 

476.  **ix.  Compound  iont  are  not  necessarily  composed  of  electro- 
sheoiical  equivalents  of  simple  tons.  For  instance,  sulphuric  acid,  boradc 
:icidt  phosphoric  acid,  are  ians^  but  not  eUdrolyUM^  L  e.  not  composed  of 
electro-chemical  equivalents  of  simple  xon». 

All.  **  X*  Electro-chemical  equivalents  are  always  consistent ;  i.  e«  the 
'Wine  number  which  represents  the  equivalent  of  a  substance  A,  when  it  is 
^separating  from  a  substance  B,  will  also  represent  A  when  separating  from 
1  third  substance  C.  Thus,  8  is  the  electro-chemical  equivalent  of  oxygen, 
srhecber  separating  from  hydrogen,  or  tin,  or  lead ;  and  103.5  is  the  electro- 
sbemical  equivalent  of  lead,  w&ther  separating  from  oxygen,  or  chlorinei 
or  iodine. 

478.  *'  xi.  Electro-chemical  equivalents  coincide,  and  are  the  same,  with 
ardioary  chemical  equivalents.'* 

479.  It  is  much  to  the  honour  of  Faraday  that  these  opinions,  which  were 
jcnostly  original,  appear  to  be  for  the  most  part  sanctioned  by  the  scientific 
ir«>rld.  The  greatest  error  is,  as  I  conceive,  in  his  language  being  of  a 
nature  to  convey  the  idea  of  a  loco-motion,  which  cannot  take  place  agree- 
ably to  his  own  premises,  and  which  I  infer  it  was  not  his  intention  to  treat 
mm  oeceaaary  to  the  electrolytic  process.  On  this,  I  have  already  oom- 
OEsented  (397).    Subjoined  are  some  additional  strictures  (4S0,  ^•). 

Om  Sir  H.  Davy'a  Ezperimentt  on  the  Tranrfer  of  Acids  through  Alka* 
lies,  and  of  Alkalies  through  Adda  by  the  roUaie  Currents. 

480.  When  three  vessels  A,  B,  C,  were  associated  by  rooisteoed  stiifMi 
iT  ashestos,  so  that  the  intermediate  vessel  A,  held  either  an  acid  or  an 
ilkaliy  B,  a  saline  solution,  C,  pure  water.  Sir  H.  Davy  found  that  by 
mkiog  them  into  a  voltaic  circuit,  either  an  acid  or  alkali  would  reach  the 
sreler  of  C.  Hence  it  was  inferred  that,  under  the  magic  escorting  influ- 
MBoe  of  the  current,  an  acid  urn,  as  we  now  call  it,  might  pass  through  an 
slkali,  or  an  alkaline  ton  through  an  acid.  Faraday  treats  this  miraculous 
•eault  as  the  natural  consequence  of  the  interposition  of  a  body  capable  of 
sombining  with  the  ion  during  its  journey.  It  seems,  however,  inoonsisteDt 
rith  his  adoption  of  the  Grotherian  hypothesis  (389),  respecting  the  mode 
u  which  ions  are  liberated  by  the  current,  that  an  k)n  should  actually 
jmTeU  Consistently  with  that  view  of  the  subject,  in  order  that  an  acid  ioa 
ibould  be  liberated  at  the  anode,  and  an  alkaline  ion  at  the  cathode,  there 
nuflt  be  a  row  of  compound  electrolytic  atoms,  subsisting  between  the  elec- 
3t>de8,  in  which  the  ions  evolved  are  ingredients. 

481.  I  trust  that  the  following  quotation  from  the  work  of  his  friend, 
DsuiicU,  fully  justifies  my  conception  of  the  subject. 

482.  *'  We  have  now  to  consider  how  the  impulse,  which  is  derived  from 
the  zinc,  is  transmitted  through  the  liquid  to  the  platinum ;  and  how  we  may 
Booount  for  the  extraordinary  fact,  that  the  radical  of  a  portion  of  the  acid 
ooinbioes  with  the  former,  while  the  equivalent  hydrogen,  with  which  it 
ipee  aswciated,  is  evolved  upon  the  distant  surface  of  the  latter. 

488.  ^*  No  visible  transfer  of  the  disunited  elements  Uikes  place,  and  if 
tbe  vessel  which  contains  the  acid,  be  divided  either  by  a  diaphragm  of  blad- 
iler«  a  partition  of  porous  earthenware,  or  other  substance  capable  of  im- 
bibing the  liquid,  and  the  two  plates  be  placed  on  its  opposite  sides,  no  im- 
pediment  arises  to  this  extraordinary  separation. 

484.  *'The  force  must  be  conoeived  to  travel  in  this  part  of  its  circuit  by 


60 

Bspecuea  of  convection,  or  w!iich  a  mechnnical  inustratioa  »fpimwajim 

us  in  forming  a  jasl  notion.  When  a  number  of  ivory  bftlb  %nMy» 
pended  in  a  row  ho  as  just  lo  touch  one  aiioiher,  if  an  impuWIvfM' 
oneortbe  extreme  ones,  by  striking  it  with  a  hard  substnoo^  tfaelilv4 
be  communicated  from  ball  to  ball  without  disturbing  ifaeim  till  <ib^ 
the  most  distant,  which  will  RyofT  under  its  full  influence.  Sodh  tafap 
are  but  remote,  and  must  not  be  strained  loo  far;  but  tbm  mrnmjai^ 
thai  the  force  of  affinily  receives  an  imptitse  in  a  oertxin  diRctMK  ^ 
enables  the  hydrogen  of  the  iirsl  particle  of  aqueo-acid  •iludi  nptafi 
decom  posit  ion,  to  combine  momentarily  with  the  radical  oftStoatfii 
in  Buccessioni  the  hydrogen  oflhlA  again  with  the  radical  oftinaai:^ 
ao  on,  till  the  last  particle  of  hydrogen  commuDicatca  the  iD^tcbk 
platinum,  and  escapes  in  its  own  elastic  form." 

4S5.  In  order  to  render  this  resort  lo  balb  consistent  wrih  tiwpim^ 
which  it  is  intended  to  enlighten,  1  coaoeive,  that  instead  of  mqipaaf* 
r(>w  of  balls,  we  must  suppose  two  rows,  one  pam[l<;l  to  the  Mfaer-  11^ 
same  time,  it  may  be  expedient  to  imagine  that  one  row,  ivpRaHtiH# 
anions,  are  white,  while  the  other,  representing  the  caihioad,  ai«  Hh 
and  that  they  are  arranged  in  pairs,  each  of  which  rppreseot*  • 
atom  of  the  electrolyte.  It  seems  necessary,  also,  that  there  »bouU  it » 
impulses  given,  opposite  in  tendency,  so  that  one  operating  opoa  aril* 
may  cause  the  expulsion  of  an  anion,  at  one  end,  from  the  wh*  wr 
cathion,  at  the  other  end,  from  the  black  row ;  the  rrnduc  iiaiiafi 
themselves  within  the  same  boundaries,  so  as  siill  to  exist  in  pain,  mIi 
have  no  unpaired  ball  at  either  extremity.  Meanwhile  it  i*  inmlaMc,  * 
this  loss  of  an  anion  and  a  cathion  will  be  compeosntnl  by  thn  kom* 
another  pair,  of  which,  to  make  the  analogy  hold,  there  should  be  u  it*' 
dance  be  hand.  Moreover,  the  row,  thus  rehtied,  should,  uddrr  dv  c^ 
latory  influence  of  the  beat  arising  from  the  process,  ^ve  place  to  u^ 
mr,  similariy  constituted,  and  equally  susceptible  oC  eledrolnaMO'  1^ 
it  follows,  from  the  illustration  to  which  Daniell  has  rewrt*>i.  "W  " 
carried  out,  that,  consistently  with  his  own  explanation  of  dw  rnvrm- 
electrolywition,  there  can  be  no  Iraveltini^  of  an  ion  from  ooe  rkr^f' 
the  other.  It  is  alleged  by  bim,  that  the  force  travels,  per  se,  bv  ■  tf^*** 
convection,  without  disturbing  any  other  ball  excepting  thai  which  "■•  >• 
at  the  extremity  of  the  row{4B4).  Henre,  in  conformity  with  the  |iiii^ 
it  seems  to  me  that  an  acid  con  only  reach  the  cathode,  through  as  ttkaiv 
solution,  by  the  endosmosis  of  the  salt  and  its  subset^u         '  "  " 

Of  the  Electrotype  or  Galranotype  Prortta, 
486.  It  has  been  tepr'?senled,  that  durini;  electrolysis,  bv  a 
exchange  of  partners  throughout  a  row  of  atoms  of  water  eitendiBf  ^ 
one  electrode  lo  the  other,  an  atom  of  oxygen  may  be  liberalrf  tf  "^ 
anode,  and  an  atom  of  hydrogen  at  the  cathode  (35iit).  Consi^tooOj.  •*' 
a  galvanic  circuit  comprises  two  electrolytes,  separated  hv  ■  pofo™  i' 
phragm  having  a  common  anion,  oxygen,  for  instance,  but  diffi"JT*  '* 
thions,  as,  for  example,  hydrogen  and  copper,  this  inotal  may  on  <«  "* 
of  the  diaphragm  perform  the  office  which  hydrogen  pcrfortm  no  A*  i*^ 
side.  Hence,  while  at  the  anode  oxygen  will  still  be  evolved,  a  *!"■"* 
of  copper  will,  at  the  cathode,  be  substituted  for  the  evolution  of  hj"dtof» 
Of  course,  if  instead  of  a  solution  of  the  oxide  of  copper,  anv  other  fMOJk 
oxide  be  substituted,  the  deposition  of  the  metallic  r^ical  will  tdte  pl»*  ^ 
the  evolution  of  hydrogen,  unless  the  radical  b«  one  of  those  wh^-h  *"■■ 
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M  water  OB  oootact,  at  ofdinaiy  Mnpenturw.  If  h  be  one  of  Ukmo,  bjr 
a  coDsequeiit  deaxii]>oation  of  water,  hydrogen  will  appear,  aa  if  water 
are  the  sole  dectrolyte.  Analogous  resulu  will  ensue,  when  any  other 
nple  electro-negattre  element  is  the  comnKin  ingredient  in  electrolytea 
ibiected  to  the  galvanic  current  while  separated  by  a  membrane.  Hence, 
the  electrotype  process,  which  it  is  now  the  object  to  explain,  only  thon 
etals  can  be  employed,  of  which  the  deposition  in  the  metallic  state  is 
■ciicable,  in  consequence  of  their  not  uniting  with  the  oiygen  of  water. 

487.  It  will  be  perceived,  that  there  is  a  great  analogy  between  the  ac- 
m  or  a  simple  battery  for  producing  metallic  depoeitions,  and  the  constant 
ittery  of  Professor  Daniell.  It  is  to  the  substituUon  of  copper  for  hydro 
n,  as  above  mentioned,  that  the  superiority  of  Daniell's  battnir  is  to  be 
cribed.  By  this  change,  cobeaion  between  the  cathion  (S60J  and  the  nir- 
M  of  the  conductor,  acting  as  the  copper  plate  in  a  galvanic  triad  fSlS, 
c),  is  prevented ;  and  this  conductor,  incessantly  renovated  superfictally, 
«aent9  always  a  bri^t  metallic  surfoce  to  the  liquid. 

488.  Afler  a  constant  battery,  of  the  conatructioD  thus  described,  has 
en  in  operation  for  some  time,  on  removing  the  coating  of  metallic  copper 
Dm  the  surface  of  the  copper  plate,  it  is  found  to  constitute  a  sheet  of  the 
fMsited  metal  of-  greater  or  less  thickness,  and  which  is  a  perfect  fao 
nile  of  the  surface  on  which  it  has  been  forn>ed,  excepting  that  deprea- 
N»  and  elevations  are  represented  in  the  new  plate,  in  the  oppoaito  kind 

relief.  Although  these  results  could  not  have  escaped  the  ohMrvation  of 
craters  with  the  constant  battery,  no  useful  consequenoea  flowed  from  the 
nt  which  they  were  of  s  nature  to  aRbrd,  until  the  year  IMS,  when, 
rough  the  ingenuity  of  Mr.  Spencer,  of  Liverpool,  and  of  Mr.  Jacoby,  of 
.  Petertburg,  the  new  and  important  arts  of  electrotype  and  electro-giKliDg 
ife  invented. 

489.  If  a  piece  of  coin*  be  made  the  negative  surface  of  a  simple  gal- 

*  Fif ara  35  Bzemiilifia  k  eoa*taat  battsry,  iirufsd  so 
•■  to  mrii  for  th*  •(•otrotjM  pnw.  A  pkta  of  Jae,  Z, 
i«  mpendad  in  dilotad  ■olphitrie  seid,  oa  mm  lida  oT  lb* 
pDTooB  diapbrKfro,  a  medal  on  tha  other,  bsiog  aavsrallf 
altached  to  tba  andi  of  a  coppar  wira. 

""  iaaa  of  anotliST  Bsoda  in  asns 


flf-K. 


It  battoty,  a 


itratadsela- 


of  a  wira  with  tha  liiw  of  a  Daniall'a 
onil  of  coppar  ii  conaeetad  bv  tha  sans  a 
copper  plate.  Thai  arranfed,  ihe  coil  and  m 

actioff  aa  electrodaa,  are  planged  intoaaoB „ 

tioD  of  talphata  of  copper  acidalatad  by  aiil|AiiTta  said,  eo». 
tained  io  a  veaael  withoat  anj  porons  partition,  tha  mnI 
being  made  to  enter  the  ■oiation  fint.  It  baa  liasn  maii- 
tioned,  that  the  trae  tine  end  of  a  plvaaio  battery  la  aan- 
tive.  Of  conraa  the  metal  commnniwlinf  with  the  nne 
becomM  the  negative  pole  or  cathode  of  a  nivaale  triad, 
(356)  while  the  copper  coil  bacomea  the  poaitive  electrode. 
Under  theaa  circnmitancaa  tha  copper  coll  ii  ozidiMd  aitd 
dinolvad  b;  the  acid,  while  an  eqnivalent  portion  of  this 
metal  ia  depoaitad  on  the  ntonld. 

Tha  roll  of  abeet  coppar  abonld  be  iatrodacad  first  Into 
tha  BolntioB  and  muat  not  lonch  the  moald.  Great  praoan- 
tioniBstoolaanliaesa  moat  baemplofad  in  this,  ai  well  aa 
in  tha  former  matbod  of  manipolating.  Whan  an  arrmna«- 
mant  of  this  daseriptloD  ia  aat  in  actioD,  for  each  aqaiva. 
lant  of  vac,  diMolvad  in  tha  batten,  aa  eqaivalent  of  cop- 
par is  dissolved  ftom  tbs  ooil  of  shset  eoppsr,  and  la  pr*. 
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vsnia  battery,  by  atlaebing  it  to  n  piece  of  sine  by  mcniuflf  tihMactf 
copper  win^i  (he  zinc  being  acteil  upon  by  a  salioe  or  odd  aolatia  fa 
one  side  of  a  pomiiB  diaphragm,  wbijo  iho  coia  is  |tlun)^  uOohwJimd 
sulphate  or  coppc^r  upon  the  oilier  side,  iha  coin   will  be  •pecditj 

with  a  light  rose-coloureJ  film  of  reduueil  copper,  which  liy 

action  for  aomo  hours,  will  berime  pro;Hir!ionably  ihickcf,  am  aaj  h 
be  separated  from  the  coin,  by  ilie  applicattoa  of  a  inoder«I«  bm.  Tk 
mcloilic  plate  ibuB  obtninLii,  as  uln-oiiy  mentioned,  will  dofitiy  a  pM 
raverae  imjiressian  of  the  coin,  and  by  mnkiog  the  copy  ilum  ptoow^k 
conducting  eiirraco  of  a  similar  arrangement,  a  perfect  iinproMM  ii* 
tier  of  the  origiual  will  result.  The  conduciing  wire,  and  all  Aa^p* 
lions  or  the  coin  upon  which  copper  is  not  to  be  deposited,  mud  bs  otai 
or  varnished,  with  a  noD^conducling  subalanoe.  The  surface  to  br  o^ 
must  be  perfectly  free  from  unclean  I  iness,  from  grease  e&pcdilly.  IVm 
should  be  immersed  in  the  acid  6  littlo  before  the  coin  is  p(iui{(d  m  ' 
metallic  solution,  and  the  surfnce  of  (he  last  should  tbOB  be  fmtfMV 
bubbles  by  means  of  a  feather  or  glass  rod-  Tho  rapidil}  wkb  wliabli 
dqjosilion  is  effected,  is  greater  in  proportion,  aa  the  tetnpanlBM  rfit 
solution  is  higher.  But  (here  is  a  certain  degree  of  speod  «1hc1i  tWl 
not  be  exceeded,  aa  the  texture  of  tho  metallic  dopositioo  ia  nwn  OM^ 
when  Iho  process  i«  slow. 

40tl.  A  more  expeditious  method  of  producing  ibe  copy  nf  a  naM  • 
relief,  consists  in  firat  making  a  copy,  by  stamping  clean  sncct  lead  apai, 
or  pressing  it  upon  fusible  metal,  while  suflicienlly  boA  :  or  taking  n  ia- 
pression  on  plaster,  the  surface  of  the  cast  thus  obluioei],  bring  aadia 
conduct  by  means  of  a  film  of  plumbago.  Thie  impressitms  thus  p«aari 
may  bo  substituted  for  the  medal  in  the  process  abovu  dascribod. 

491.  These  lost  mentioned   expedients    are    peculiarly  af^roptiMe  il 


ciplti.lBd  npon  tha  larfaee  of  the  naald  connected  witlt  the  line  plal*.  By  Mr 
uosing  between  the  line  ind  copper  of  the  jpnorating  coll  a  numhrr  cf  drpmU* 
celU,  ttauhr  ti>  that  nlri-ndy  deu-.riljcil.  the  mould  of  one.  Ix'mc  r.miu-cU^  ii^i  -^ 
copper  mil  of  the  nail,  and  sn  on  in  Ilii>  Dmnc  order,  inv  nuiiihrr  nf  iiif.<lal>  k  axa 
iinv  be  copied  al  once,  undnt  llie  eipenso  of  but  n  single  eqmviilent  ofttni 

The  wirosoonnncted  wilh  Iho  roll*  ofBliBet  r op [wr should  be  Tirmilird  In  prr»->i 
their  lieing  disanlred  olTlhe  mouldi,  tnd  the  copper  vieetrudes  mliould  Im  plicf  "• 
licallj  and  parallel  to  each  oilier  in  (he  aolution.  and  thia  laalaltoulit  be  ocawlr 
■Lirred  with  a  glna*  rod  la  preiervo  kn  unifurni  dogree  of  aalutsliun  tliruugteiai  !>• 

Any  conducting Burfaoe,  negative  to  tho  line  nf  ihe  battery  e»ll  any  I*  ii«»»«n" 
upon  in  tbi*  apparatui.  Henre,  if  iurfacoa  of  wax.  wood,  plialf-t.  fte,.  b«  »•*•  • 
receire  a  thin  coaling  of  pluinbiifo.  Ijy  tubbini;  lligi  milerial  upon  lli>s  aiUi 
brosh.  Iboy  mnv  In-  jiiiidf  In  r"<'.:ivi'  a  rualiiiL'  "''  ;iii'Lillic  r..(>j>r>i  icty  near!;  H  f- 


I  in,u,[„      r„, , 

_. iicorcrv  at  apencor  ana  jacobi. ""     "         '  '  " 

New  York. 

The  abovo  descrilted  procMscii  hare  not  Iwen  confined  In  the  proriuit 
trotypoa,  Tliej"  have  been  recently  appUtd  by  M.  Becqucrr],  in  Fnn 
Jacobi,  in  Rueais,  to  the  sepBratii'n  of  Ihr  precum*  melaU  Troni  their  om 
ably  to  a  alatemenl  made  in  scmio  of  the  foreign  papera,  a  mane  of  gold  d 
thia  manner,  weiehing  half  a  pound,  waa  praaenled  a  few  motitha  amce  i 
of  BuMia,by  M.  Jacohi. 


^ 


tx>pyiiig  engnriogi  on  copper,  or  wood,  or  in  proeuring  ■toteotype  pbta 
firom  priating  type  set  op  so  u  to  be  ready  for  Ihe  press. 

O^  ^eetro-gitding  and  Electro-plating,  ^. 

493.  But  a  more  generally  useful  application  of  the  pnnniple  is  tba 
•bclro-gilding  and  plating,  now  in  almost  universal  uae.  ir  any  polisiied 
Bfticle  of  steel,  copper,  or  brass,  be  ronneded  with  the  zinc  of  the  battery, 
■nd  placed  opposite  a  fine  wire  of  gold  or  pIstiDutn,  connected  with  the 
copper  or  the  same,  and  if  the  two  electrodes  thus  formed  be  plunged  into 
■  very  dilute  solution  of  chloride  of  gtdd,  or  chloride  of  silver,  to  which  an 
equivalent  of  cyanide  of  potassium  in  solution  has  been  added,  a  deposit  of 

fold  or  silver  will  be  effected,  and  (he  article  will  receive  a  fine  coherent 
Im  of  gold  or  silver,  with  a  polish  equal  to  that  of  the  surlaoe  on  which 
the  deposit  is  made.  Platinum  may  also  be  worked  in  the  same  way, 
though  the  operation  is  very  far  from  being  uoifonnly  successful,  and  fur- 
IImt  ezperiments  are  wanting  to  render  the  process  less  precarious. 

403.  The  process  of  electro- gilding  has  been  employed  in  England,  by 
Prof.  Wheatston,  and  in  Germany,  by  Prof.  Sleinheil,  for  the  protection  of 
dn  reflecting  surfaces  of  the  specula  of  reflecting  t^escopes,  and  specula  of 
HQod  inslrumeniB  may  be  multiplied  indefinitely,  as  well  as  very  cbcoply,by 
taking  electrotype  casts  of  their  surfaces,  and  then  gilding  the  ROecUng 
wrroces  of  the  copper  specula  thus  obtained. 

494.  In  depositing  gold,  silver  and  platina,  by  the  electrotype  prooeaa,  It 
is  necessary  to  employ  currents  of  feeble  intensity,  and  very  weak  melallio 
■olutions,  as  the  metals  are  very  liable  under  the  action  of  a  very  energetic 
current  to  be  precipitated  in  a  pulverulent  form.  By  Mr.  Davis,  of  Botton, 
the  current  of  the  magneto-electric  machine  wau  first  employed  for  this  pur- 
pose, and  a  potrnt  has  recently  been  obtained  in  England  lor  the  samepio- 
eess  and  manipulntions.* 

405.  Besides  the  applications  of  the  electrotype  which  we  have  notioed, 
many  others  have  been  contemplated  or  employed,  of  which  a  due  re^fonl 
to  brevity  renders  it  inexpedient  to  give  the  details  in  this  trealiscb 

Of  MelaUo-Chrome:\ 
496.  The  name  which  forms  the  preceding  head,  has  been  given  to  eer> 
lain  beautiful  colours,  which  may  be  produced  upon  a  plate  of  highly  ft^ 
liahed  steel  by  the  elect rolyzation  of  acetate  of  lead,  while  in  coDtact  wilb 
the  ateel  surface.  The  following  directions  are  given  lor  the  productioa  of 
the  phenomenon  in  question.    Place  the  steel  plate  iu  a  glass  basin  contain- 

Fli'  »-  ■  Fig.  27  reprcfenti  an  appsrstiu  mitibls  aitliar  (or  tlw  pracMi 

nf  eleclro'iilrering,  or  Uwt  of  Hcetro-fildin^.    hcannw^ot  >  jar 

of  fliu,  or  ^liiad  porcelain,  within  which  ii  aitaalad  a  jar  of  po- 

rou*  porrcliin  conUining  the  metallic  aolatioD  (499).     The  ipaca 

between  the  two  jin  >■  occupied  b^  a  cjlinder  ofiinc.  and  taiphn- 

ric  acid  ver;  much  diluted.    A  wire  proceed!  from  Ihe  lipo  ojlla- 

der,  ai  repreaentad  in  the  tagnring,  for  tbe  paipoae  orinpportii^ 

Ihe  article  which  ia  to  receive  the  meUllie  coaUug.    It  ia  racom. 

d  to  dip  Ibe  article,  which  ii  the  object  of  the  pioceaa,  in 

>cid.  ju*t  before  placing  it  ia  the  eircait. 

ia  clvmolon  of  thia  bubs  titun  xt'M*f  coloar,  in  Orssh, 

«  autEoienUj  obvioD*.    A>  deaigaaUng  a~  '~~' — 

by  the  peroxide  of  lead,  il  eeema  to  me  thu  k  m 
priale  appellation  would  be  that  of  plomboijohromee. 


•« 

ing  a  cleoc  soluiioD  of  the  acetate  of  lead,  and  ptaoe  over  it  a  a 
which  some  regular  dcvioa  has  been  cut.  A  smutl  rim  of  wnoi 
placed  over  the  curd,  and  upon  ihal  a  copper  disk.  On  contact  ba 
from  five  lo  tweniy  degrues,  in  a  circuit  formed  with  two  ur  thm 
Braall  constant  battery,  the  atcel  plate  being  made  i)cga[i<r<>,  iheotffvMl 
poailivc,  the  deposit  will  be  effected,  and  a  series  oC  (rxijuiaiie  ataut  V 
adorn  the  steel  plate.  These  variegated  tints  are  piuduoed  by  AaiH|| 
tenuities  of  films  of  highly  oxidized  lead.  Two  seta  of  praoMlie  «dl| 
arc  produced,  complimentary  to  each  other,  one  by  tmnsoiitted  i^W 
other  by  that  which  is  reflected  froni  the  slccl.  The  colours  an  Jh^^^rf 
in  the  greatest  perfection,  by  placing  the  plate  belbrv  n  viodov,  mim 
dining  over  it  a  sheet  of  while  paper,  at  an  angle  of  tbrly-fiTc  dtpcK 

Of  the  Galvanic  Powers  and  Elff'cds  of  Animal  Orgmk^ 

497.  Under  the  preceding  designation,  it  seems  pfOHl 
to  treat  of  the  galvanic  apparatus  and  phenomena,  «i4 
owe  their  existence  to  organic  masses.  It  will  be  p^ 
ceived  by  the  student,  who  has  given  due  attention  toti 
preceding  pages  of  this  treatise,  that  this  topic,  has  neOB 
sarily  been  in  some  degree  anticipated.  The  rcfcfera 
made  to  the  convulsions  produced  in  frogg,  by  an  inbeiM 
electrical  power,  and  to  the  shocks  produced  by  eleciliDI 
fishes,  has  already  introduced  organic  galvanism  to  11 
notice.  j 

498.  Evidently  of  all  the  sources  of  the  galvano^ecoi 
current,  none  arc  more  interesting  than  the  organ*  wilfc 
which  nature  has  furnished  the  torpedo,  tbe  gvmnotus.  w 
other  electrical  ftshcs. 

499.  <.)/  fUe  Torpedo. — Experimental  evidence  of  lilt 
identity  of  the  cause  of  tlie  miraculous  power  of  the  K* 
pedo,  in  giving  shocks  to  other  animals,  seems  fir?t  to 
have  been  salislaclorily  obtained  in  the  year  1793.  ihrouji 
the  exertions  of  Walsh,  a  sagacious  electrician.  In  ib* 
following  abstracts  from  a  letter  addressed  to  Dr.  Franklin. 
this  able  observer  gives  an  account  of  the  facts  which  bf 
had  ascertained. 

500.  "It  is  with  peculiar  satisfaction,  that  I  mako  to  vou  mv  fir*  nee 
munication,  lh;it  the  ctfi'ct  of  the  torpedo  appears  (o  he  abs-iluiiiv  elecrr^.'ai- 
We  have  observed  that  the  back  and  breast  of  ihe  animal  are  m  diifr«* 
electrical  states,  "  *  •  we  have  boon  enabled  to  direct  his  shocks  ihrwMhi 
circuit  of  four  persons,  nil  feeling  them;  likewise  through  a  con#!■il•ra^> 
extent  of  wire,  field  by  two  insulated  persons,  one  touchinc  the  bnck.  wi 
the  other  the  breast  of  the  fish.  These  experimenls  have  be^'n  vsnrd  i 
many  ways,  and  rejx;aled  limes  without  number,  and  they  all  detertniiX 
the  choice  of  conductors  to  be  the  same  in  tbe  torpedo  as  in  the  i^rvcks 
phial." 
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501.  RespectiDg  the  torpedo,  1  will  quote  a  few  para- 

f  raphe  from  a  report  made  to  the  Academy  of  Scieoces  at 
^ris. 

502.  *^  The  sensation  which  the  torpedo  causes  when  it  is  touched,  has 
looff  ago  attracted  the  attention  of  physicists  and  physiologists,  on  account 
of  Its  analogy  with  that  produced  by  an  electrical  battery,  but  it  is  only  a 
few  years  since  that  it  has  been  decidedly  proved  that  both  were  owing  to 
the  same  cause.  Although  all  the  principal  circumstances  of  this  phenome- 
iKm  had  previously  been  carefully  studied,  yet  no  one  had  succeeded  in  de« 
moostratinff  its  electrical  origin  from  the  want  of  suitable  apparatus* 

MS.  ^  John  Davy  made  known,  in  a  paper  published  in  1882,  a  great 
number  of  important  data,  such  as  the  action  of  the  discharge  upon  the 
magnetic  needle,  and  chemical  compounds;  but  the  direction  of  the  electri- 
cal current  produced  on  this  occasion  was  not  well  known  until  afler  the 
eiperiments  made  at  Venice,  1885,  by  two  of  your  numbers,  and  frooi 
which  it  resulted  that  the  superior  part  of  the  electrical  omin  gives  positive 
electricity,  and  the  inferior  part  negative  electricity.  Blatteiicei  has  eoo- 
firmed,  with  the  galvanometer  and  frogs  prepared  after  the  method  of  Gral- 
Taoi,  the  observations  which  we  had  made  respecting  this  point,  as  well  as 
others  also  relating  to  the  torpedo,  for  which  we  are  indebted  to  vanous 
philosophers ;  at  the  same  time  he  has  demonstrated  some  new  iactSy  of 
which  the  following  is  a  short  account. 

604.  **  He  commences  by  showing  that  when  the  torpedo  lances  its  dis- 
charge, no  change  of  volume  is  observed  in  its  body.  When  the  animal  is 
poas^sed  of  great  liveliness  the  sensation  is  felt  at  whatever  point  of  the 
Dody  it  may  hd  touched,  but  when  its  vitality  is  considerably  diminished,  the 
dischai^  is  no  longer  felt,  except  by  touching  the  electrical  organs  at  two 
different  points. 

605.  **  Matteuoci  establishes  the  general  laws  of  the  distribution  of  elec- 
tricity in  this  manner: — 1.  All  the  points  of  the  dorsal  part  of  the  orsan  are 
positive  relatively  to  the  points  of  the  ventral  part;  a  fact  already  known. 
d.  The  points  of  the  organ  on  the  dorsal  surface  placed  above  the  nerves 
which  enter  it  are  positive  in  respect  to  the  other  points  of  the  same  dorsal 
MiHace.  8.  The  points  of  the  organ  situated  on  the  ventral  surAce  cor- 
responding to  the  points  which  are  positive  on  the  dorsal  surface,  are  nesa- 
tive  in  respect  to  the  other  points  of  the  ventral  surface.  4.  The  intensitj 
of  the  current  varies  with  the  extent  of  the  platina  plates  which  terminate 
the  galvanometer,  and  with  which  the  two  surfaces  of  the  organ  are 
touched. 

506.  *'  When  the  torpedo  is  very  excitable  the  current  may  be  compared 
to  that  of  a  pile  consisting  of  a  great  number  of  pairs  charged  with  a  good 
ooodiicting  active  liquid;  whiUt,  on  the  other  hand,  when  its  liveliness  is 
weak,  the  electric  current  resembles  that  of  a  pile  composed  of  a  small 
number  of  elements. 

507.  **The  spark  which  accompanies  the  discharge  in  the  electrical 
fishes  was  remarked  for  the  first  time  by  Walsch  in  the  GymnoHn;  nuiny 
vain  efllbrts  have  been  made  since  to  reproduce  it;  MM.  Matteucci  and  Li- 
nari  have  succeeded  in  obtaining  it  in  every  case  from  the  torpt'do;  both 
tbeae  philosophers  claim  the  priority  of  the  observation. 

508.  *'  Matteucci  has  since  succeeded  in  obtaining  the  spark  by  placing 

I 


the  torpedo  upon  an  isolated  plate  of  metal,  and  i 
metal  above  it,  then  fixing  to  each  of  [hem  a  gold  leaf  ■ 
the  other  by  the  distance  of  half  a  millimeire.      " 

upper  metoliic  plate  the  animal  bf^came  irritated,  i 

the  two  leaves  approached  one  aualber  and  the  report  uf  (br  qvt  aiW 
Btantly  heard. 

509.  "  M.  Mnlteucci  having  entirely  separated  froiD  a  gml  iar\ 
of  the  electrical  organs,  without  detaching  the  epidermis,  one  oT  ite  |li 
of  the  galvnoomeler  was  inserted  in  the  organ  near  ibe  ouiwani  o' 
other  plate  was  put  in  communiCBlion  ivith  one  of  the  liwr  o 
needle  deviated  Tour  degrees  in  the  common  direction  of  llied 
the  torpedo;  on  tying  the  nerves  there  was  no  longer  any  deviat 
result  appears  to  us  very  remarliable.  J 

GIO.  "The  above  observations,  which  we  have  not  been  aUe Ue^M 
from  ihe  want  of  torpedoes,  go  to  prove,  Isl,  that  the  electricity  *U|i 
duces  the  discharge  proceeds  from  the  last  lobe  ot"  the  brain,  m  "  ' 
mitted  by  the  nerves  to  the  organ;  2,  that  the  diachtitge  coaiii^ 
influence  of  the  electric  current,  when  the  nerves  are  tied,  muat, 
be  transmitted,  find  iu  llie  nerve  a  particular  molecular  (lispouatioa;  tM 
elusion  to  which  the  electro- physio  logical  phenoinena  of  the  frog  a 
lead,  as  one  of  us  (M.  Bocquerel)  has  indicated  in  variutu  [' 
treatise  on  electricity. 

511.  "  Since  the  ever  memoritble  epoch  when  Gnlvani 
the  contact  of  two  dilTerent  metals  in  communicalion  with  the  tm 
nerves  of  a  frog  sufficed  to  make  it  coatract,  the  experimmla  hiTC  H 
varied  infinitely  in  the  hope  to  discover  in  this  phenomenon  tbccaaKd 
conalitules  life  in  animated  bodies.  The  most  remnrkablr  bet,  fer  d 
we  arc  also  indebted  to  Galvani,  is  ihac  which  relate  to  tbecoittidd 
produced  by  the  simple  contact  of  the  muscles  and  nerves  wjiiwui  liaati 
mediary  of  metallic  armatures.  It  is  now  nearly  demonMnHrf  dMA 
action  does  not  proceed  from  a  chemical  action,  but  from  (he  inhnnldF 
rent  of  the  frog,  which  has  bcoa  indicated  with  so  much  sagx^t  btl 
Nobili."  "   ■ 

512.  The  opinion  and  facts  with  which  these  quotiM 
tenti  to  make  the  reader  acquainted,  seem  to  me  to  mW 
that  if  Volia  was  ri;^ht  in  conceiving  the  powers  oflii*  pi 
aa  independent  of  vital  action,  still  Galvani  was  justified  ii 
supposing  that  animal  organization  could  give  rise  toiM- 
logons  results. 

513.  Of  the  Gymnoius  Ekciricus. — According  In  H» 
boldt,  the  gymnotus  abounds  in  the  small  rivers  which  fto" 
into  the  Orinoco.  It  employs  its  electrical  powers  as  o(fca 
animals  do  their  horns,  teeth,  or  fangs,  to  secure  its  i>«y 
or  repel  aggression.  Hence,  horses  or  mules  are  attacW 
by  them,  when  forced  reluctantly  to  enter  the  strraiiBi 
which  they  reside;  and  white,  on  the  one  hand,  the  qv( 
rupeds  suffer  severely,  from  the  shocks  which  they  rw«« 


^. 
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assailants  are  so  exhausted,  as  to  be  unaUe  either  to 
give  further  shocks,  or  to  escape  from  seizure. 

514.  The  gymnotus  is  sometimes  five  feet  in  length. 
One  of  the  length  of  forty  inches  was  lately  conveyed  to 
England,  and  put  at  the  disposal  of  Faraday,  who  has  given 
a  most  valuable  account  ot  the  various  phenomena  noticed 
by  himself,  and  other  intelligent  observers. 

515.  The  shock  was  most  powerful  when  the  hands 
were  made,  the  one  to  touch  the  animal  near  the  head,  the 
3ther  near  the  tail,  and  was  less  severe  in  proportion  as 
the  distance  between  the  hands  was  less.  When  the  points 
Df  contact  were  in  a  line  at  right  angles  to  the  spine,  little 
lensation  could  be  produced. 

516.  The  farther  the  hands  were  frem  the  fish,  while  the 
line  extending  from  one  to  the  other  was  parallel  to  the 
ipine,  the  less  was  the  sensation  experienced,  and  the  dimi- 
ratioD  became  greater  in  proportion,  as  the  line  joining 
iie  points  of  immersion  deviated  from  parallelism  with  the 
^ine. 

517.  Conductors  of  an  ingenious  construction,  being  ap- 
died  to  the  anterior  and  posterior  parts  of  the  gymnotus, 
F"araday  gives  an  account  of  the  results  in  the  following 
irords: — 

618.  ^A  galvanometer  was  readily  afllected.  It  was  Dot  partioilarly 
Uicate;  for  zinc  and  platina  plates  on  the  upper  and  lower  surfiice  of  the 
pDgue  did  not  cause  a  pernoanent  deflection  of  more  than  26^ ;  yet  when 
he  fish  gave  a  powerful  discharge  the  deflection  was  as  much  as  80%  and 
n  one  case  even  40^.  The  deflection  was  constantly  in  a  given  direction, 
he  electric  current  being  always  from  the  anterior  parts  of  the  animal 
hfoagh  the  galvanometer  wire  to  the  posterior  parts.  The  former  were 
heretore  for  the  time  externally  positive,  and  the  latter  negative. 

619*  ^^  Making  a  magnet*  When  a  little  helix  containing  twenty«two 
bet  of  silked  wire  wound  on  a  quill  was  put  into  the  circuit,  and  an  an- 
lealed  steel  needle  placed  in  the  helix,  the  needle  became  a  magnet,  and 
be  direction  of  its  polarity  in  every  case  indicated  a  current  from  the  an- 
srior  to  the  posterior  parts  of  the  gymnotus  through  the  conductors  used. 

620.  **  Chemical  decompoeiiian*  Polar  decomposition  of  a  solution  of 
odide  of  potassium  was  easily  obtained.  Three  or  four  folds  of  paper 
noistened  in  the  solution  were  placed  between  a  platina  plate  and  the  end 
if  a  wire  also  of  platina,  these  being  respectively  connected  with  the  two 
addle  conductors.  Whenever  the  wire  was  in  conjunction  with  the  con- 
liidor  at  the  fore  part  of  the  gymnotus,  iodine  appeared  at  its  extremity ; 
sit  when  connected  with  the  other  conductor  none  was  evolved  at  the  place 
o  the  paper  where  it  before  appeared.  So  that  here  again  the  direction  of 
be  current  proved  to  be  the  same  as  that  given  by  the  K>rmer  tests. 


H21.  "  Ry  [his  test  I  cnmpared  Ihe  miA 
tinos  berore  and  behind  it,  And  found  d 
applied  to  the  middle  was  negative  to  ih 
rior  parts,  was,  on  the  contrary,  positiva  1 
near  the  tail.  So  that  within  c^rtnin  liml 
teraally  at  the  time  of  (he  shock  sppeatm 
negative  to  other  parts  anterior  to  it,  and' 

b'i'Z.  "£Do/u(ion  of  hrat,  Usiag  a 
longing  to  Mr.  Gassiol,  we  thought  wo  w 
when  the  deflection  of  the  galvanometer  i 
lion  of  tcrnpcrattire.  I  was  not  observifl 
of  those  who  at  first  believed  they  saw  tl 

523.  "  Spark.  The  electric  upark  « 
nr to-electric  coil,  with  a  core  of  soft  iron, 
to  the  end  of  one  of  the  saddle  oollector% 
(ilej  another  Hie  was  made  last  to  the  en 
son  then  rubbed  the  point  of  one  of  tha 
whilst  another  person  put  the  collectors  ■ 
excite  it  la  action.  By  the  rriciionoftfan 
very  frcqueniiy :  and  ihe  object  was  to 
through  the  wire  and  helix,  and  hy  broal 
make  the  electricity  sensible  as  s  spark.' 

524.  "  The  spark  wns  obtained  four  tl 
sent  saw  it.  That  it  was  not  doe  to  ihtt 
shown  by  its  not  occurring  whea  tho  S 
deiiily  of  the  animal.  Since  then  1  hai 
revolving  steel  plale,  cut  file  fashion  on  i 
ofiron,  copper  and  silver,  with  all  ofwli 

535.  It  has  been  shown  there 
may  increase  voltaic  power,  or 
quantity,  the  other,  that  of  inci 
the  latter,  the  conducting  powei 
the  case  of  an  animal  created 
course,  to  secure  to  these  ele 
weapon  with  which  they  are  en 
an  enormous  quantity  of  the  iv 
their  disposal.  ■■ 

526.  The  shock  from  the  gyn 
observations  were  mnde,  was,  t 
to  that  of  a  large  I^oyden  hattei 
of  intensity;  or  to  a  voltaic  sei 
the  circuit  shonUi  be  completed 

527.  He  conceived  it  to  cor 


■  "  In  mora  receol  cxperimtnls  of  the  uiiis 

1  "  At  B  kUr  meeting,  at  whicli  KlenipU 

^□1d  leavRf,  the  (pork  wni  obtained  directly 

coil  being  Temoved,  and  only  nhnrt  wirei  (by 
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-  i-city  equivalent  to  a  high  charge  from  a  coated  surface  of 
•  <^3500  square  inches. 

^  528.  The  gymnotus  gives  sometimes  two,  and  at  other 
^ times,  even  three  successive  shocks;  as  had  been  pre- 
-,  viously  noticed  in  the  case  of  the  torpedo,  by  various  dis- 
-:  tioguished  observers. 

*^      529.  At  the  moment  when  the  fish  wills  the  shock,  of 
"^  two  parts  of  the  body  parallel  to  the  spine,  that  which  is 
J  nearer  the  head  will  be  positive,  the  other  negative. 
T       530.  The  fish  has  four  electric  organs,  which,  it  is  con- 
^   c^eived  by  Faraday,  it  may  have  the  power  to  throw  into 
"^   action  separately,  or  together,  and  so  as,  to  a  certain  ex- 
tent, to  direct  the  shock  at  the  moment  of  the  discharge. 
.    But  it  id  not  inferred  that  the  direction  of  the  current  can 
be  controlled  after  it  has  entered  the  liquid  or  other  sur- 
rounding bodies. 

531.  I  saw  the  gymnotus  with  which  these  experiments 
were  made  in  1841,  and  received  a  shock  firom  it.  I  was 
moreover  gratified  at  seeing  what  I  had  not  been  led  to 

.expect,  the  deflagration  of  a  thin  metallic  leaf  by  subjec- 
tion to  a  circuit  formed  with  the  aid  of  the  animal. 

532.  The  gymnotus  can  stun  or  kill  fish  in  various  posi- 
tions of  its  body,  but  in  killing  a  small  fish,  thrown  into 
the  tub,  was  found  to  coil  itself  so  as  to  make  the  fish  oc- 
cupy the  situation  of  a  diameter  to  the  resulting  coil.  lo 
an  instant  the  fish  was  struck  dead  and  motionless,  and 
turning  on  its  side,  was  soon  bolted  by  its  hungry  assailant. 

533.  **  Living  (says  Faraday)  in  the  midst* of  such  a  good  conductor  as 
water,  the  first  thoughts  are  thoughts  of  surprise  that  it'can  sensibly  elec- 
trify any  thing;  but  a  little  consideration  soon  makes  one  conscious  of  many 
points  of  great  beauty,  illustrating  the  wisdom  of  the  whole  arrangement. 
Thus  the  very  conducling  power  which  the  water  has;  that  which  it  gives 
to  the  nioistcnod  skin  of  the  fish  or  animal  to  be  struck ;  the  extent  of  sur- 
face by  which  the  fish  and  the  water  conducting  the  charge  to  it  are  in  con* 
tact ;  all  conduce  to  favour  and  increase  the  shock  upon  the  doomed  ani- 
mal, and  arc  in  the  most  perfect  contrast  with  the  inefficient  ^tate  of  things 
which  would  exist  if  the  gymnotus  and  the  fish  were  surrounded  by  air; 
and  at  the  same  tinrie  that  the  power  is  one  of  low  intensity,  so  that  a  dry 
skin  wards  it  off,  though  a  moist  one  conducts  it;  so  is  it  one  of  great  quan- 
tity, that  though  the  surrounding  water  does  conduct  away  much,  enough 
to  produce  a  full  effect  may  take  its  course  through  the  body  of  the  fish  tluit 
is  to  be  caught  for  food,  or  the  enemy  that  is  to  be  conquen^d. 

584.  "  Another  remarkable  result  of  the  relation  of  the  ffymnotusand  its 
prey  to  the  medium  around  them  is,  that  the  larger  the  fish  to  be  killed  or 
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stuimed,  the  greater  will  be  the  sbock  to  which  it  \a  wui^eei,  tbn^fc 
gymootus  may  exert  only  .-in  equal  power,'  Tor  the  targe  fiab  Im  fi 
through  its  body  those  currents  of  eleciricify,  ivhich.  in  thecaseofaa 
one,  would  have  been  conveyed  harmless  by  iho  water  ai  its  stdei. 

535.  "The  gym  not  as  appears  to  be  scnttiblw  whtin  he  Itu  ahodi 
animal,  being  made  con^ious  or  it,  probably,  by  the  mcckoMtnl  ia 
he  receives,  caused  by  the  spasms  into  which  il  is  thrown.     Wbeo  [la 
him  with  my  hands,  he  gave  me  shock  nller  shock;  but  wbca  I  ■ 
him  with  ginss  rods,  or  the  insulated  conductors,  he  gave  one  nr  (>ori 
felt  by  others  having  their  hands  in  at  a  distance,  but  Ibcn  ocsffd  Uoh 
the  induence,  as  ifraade  aware  it  had  not  the  desired  cfiect.     Ajp' 
he  has  been  touched  with  the  conductors  several  times,  for  njMin 
the  galvanometer  or  other  apparatus,  and  appears  to  be  taoguid  oi 
enl,  and  not  willing  to  give  shocks,  yet  being  touched  by  the  hai 
by  convulsive  motion,  have  informed  him  ttmt  a  sensitive  ibiug  wk 
and  he  has  quickly  shown  his  power  and  hia  willingness  I 
experimenter. 

536.  "It  has  been  remarked  by  GcofTroy  Si.  Hitair«,  that  the  d 
organs  of  the  torpedo,  gymnolus,  and  similar  fishes,  cannni  beeoM 
as  essentially  connected  with  those  which  ar^^  of  high  and  difvct  a 
once  to  the  life  of  the  animal,  bnt  to  belong  rather  to  the  ce 
menis;  and  it  has  a1sol>oen  found  that  such  torpednes  as  haw  b 
of  the  use  of  their  peculiar  organs,  have  continued  the  fuDClioiH  oTItfafi 
as  well  as  those  in  which  they  were  allowed  to  remaiD.     Tbeaes  nA  Ml 
considerations,  lead  me  to  look  ol  these  parts  with  a  hope  Utat  ibej  ■ 
upon  close  investigation  prove  to  be  a  species  of  natural  apparatus,  by  m^B 
of  which  we  may  apply  the  principles  of  action  and  reaction  in  ^e  imai 
gation  of  the  nature  of  the  nervous  influence." 

537.  I  cannot  perceive,  with  Faraday,  that  the  ftcti 
above  mentioned,  as  stated  by  liiin,  are  u//  consistent  witfc 
the  idea  of  the  powers  of  the  gymnotus,  being  due  to  a 
great  quantity  of  statical  electricity  of  low  intensity. 

538.  The  fact  which  appears  to  me  inexplicable,  upon 
this  view  of  the  subject  is,  that  a  shock  should  be  received 
by  a  person  having  only  one  hand  in  the  water  containing 
the  fish. 

539.  Agreeably  to  universal  experience,  no  shock  can 
be  received  by  any  person  who  is  not  within  the  electrical 
circuit  through  which  the  discharge  is  made ;  or  of  some 
other  induced  circuit  in  the  vicinity.  But  within  what 
circuit  can  a  single  hand  be  brought,  unless  the  IkxIv  and 
legs  of  the  person  to  whom  it  belongs,  the  floor  on  «liich 
he  stands,  and  the  tub  confciinirig  the  gymnolus,  be  made 
to  form  a  conducting  communication  between  the  organic 
electrodes  of  that  animal.  But  if  the  electricity  dischanrcd 
through  these  electrodes  be  of  an  intensity  too  low  for 
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lem  to  discharge  themselves  through  the  water,  a  fortiori, 
'^%  must  be  too  low  to  make  its  way  by  means  of  the  floor 
"f  which  the  conducting  power  must  be  vastly  inferior  to 
;;3at  of  water. 

.  540.  I  regret  that  it  was  not  ascertained  whether  this 
lesult  could  not  have  been  prevented  by  placing  the  tub 
ipon  glass  legs,  as  dry  as  possible. 

;  541.  I  doubt  if  a  voltaic  series  of  100  large  pairs,  placed 
;n  water  as  the  fish  was,  would  cause  shocks  to  a  person 
:>n  immersing  only  one  hand. 

542.  A  battery  of  100  pairs,  when  out  of  water,  will 
lot,  agreeably  to  my  experience,  give  a  shock  to  one  hand. 
Of  course,  it  could  not  do  more  when  submerged  in  that 
liquid. 

543.  It  is  diflicult  to  reconcile  this  fact  with  the  idea, 
that  the  powers  of  the  gymnotus  are  those  of  a  large 
Leyden  battery  lowly  charged,  unless  it  be  supposed  that 
the  animal  is  enabled  to  project  the  electric  fluid  in  obedi- 
ence to  its  will,  as  the  porcupine  has  been  supposed  to 
shoot  forth  his  quills. 

544.  The  anatomical  researches  of  Hunter,  and  other 
anatomists,  have  been  considered  as  demonstrating,  that 
the  electrical  organs  of  the  torpedo,  bear  a  very  striking 
resemblance  to  a  galvanic  scries  in  the  columnar  forms  of 
the  original  pile  of  Volta.  They  have  been  alleged  to  con- 
sist of  hexagonal  columns,  amounting  in  one  instance,  to 
one  thousand  one  hundred  and  sixty-two,  arranged  like  the 
cells  of  a  honey  comb,  each  column  consisting  of  a  pile  of 
flat  disks  separated  from  each  other  by  cellular  tissue. 
The  organ  is  abundantly  furnished  with  nerves.  Neverthe- 
less, little  satisfaction  seems  to  have  been  afibrded  by  the 
investigation  of  anatomists  respecting  the  mechanism,  by 
which  nature  has  endowed  this  animal  and  other  electrical 
fishes  with  their  peculiar  powers. 

545.  Both  Matteucci  and  Schoenbien  concur  in  con- 
sidering, that  neither  dissections,  observation,  nor  experi- 
mental inquiry,  have  thus  far  afforded  any  competent 
explanation  of  the  apparatus  by  which  the  powers  of  the 
torpedo  or  gymnotus  are  imparted  and  made  obedient  to 
animal  will.  By  the  former  it  is  alleged,  ^^  that  it  is  im- 
possible to  find  the  least  analogy  between  piles,  secondary 
coils,  batteries,  and  the  electric  organ  of  the  torpedo  i*^ 
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by  the  latter,  (il'tcr  a  careful  repetition  of  the  « 
of  Faraday,  with  the  same  gymnotus,  it  is  j 
result  of  his  mature  consideraiioii,  "  that  tbe  t 
ihe  phenomena  ia  still  coiiiiiletely  obscure,  nod  i 
be  sought  for  in  the  physical  or  chemical  conslitutio^ 
in  a  hxed  organization  of  certain  parts  of  the  aninalij 
that  there  exists,  without  our  being  able  at  present  Mi 
termine  how,  nn  intimate  connexion  belweeo  the  1 
actions  dependent  on  the  will  of  ll»e  fisb,  arid  tlw  phjl 
phenomena  which  these  vital  actions  produce." 

Of  the  Obierfalioni  of  JVo*i/i,  Malleucci.  anJ  Otken. 

54f>.  It  has  been  mentioned  thot  Galvaoi  considered  th*!  tbe  CB«ri 
produced  in  frogs  by  conWct  wirh  m'Jtals,  or  ibe  pruximity  ofihe^mtl 
Trom  the  conductor  oC  an  eltclricnl  mnchine,  as  niore  or  leas  tkpcsll 
B  diver^ly  orduclrical  excitemcni  in  llie  diflereat  animal  orgiB*. 

547.  Tlial  Volta  having  siibsequcnlly  discovered  hin  pik  ta  tea 
of  producing  cffocia  aliogerhcr  independeut  of  the  animal,  omihrB 
character  and  vastly  more  powerful  than  ihiiau  noiit^  by  QiliiJl 
«ininent  philoaopher  was  led  inio  an  error,  which  vtmn  grtter«Jly  >A|| 
supposing  that  the  orgnna  of  a  IVog,  when  cunvulHpd  by  an  tileai 
charge,  are  in  all  cases  ihu  mediuni,  nol  iho  saurccortb):  rurraaL  H 
recent  observations  of  Nobili  and  Mnticucci,  have  shown  tbst  alll>a| 
imprcflsioDs  of  Galvuni  mny  not  have  bc«D  warmamj  by  aojof  ■ 
experimonts,  they  are  fully  justifictl  by  those  which  haw  ban  M 
made.  M 

54?.  From  the  ex  peri  men  Is  of  MnHeucci,  it  Appears,  thai  in  ff*^ 
is  a  current,  peculiar  lo  them,  procecdinj;  from  the  iwt  tnwarJ-  rhr 
This  can  be  made  sensible  either  by  the  devioiion  cnii»ied  in  ihp  aci' 
very  delicaie  Sweigcr's  gnlvunomcter  of  2500  circumvoluiions,  or  t 
contractions  produced  in  the  leg  of  another  frog,  of  which  ib^  ii 
spinal  nerve  is  made  the  medium  of  discharge,  1  shall  call  a  iV.t^". 
and  nerve  thus  prepared,  a  jjalvanoscopic  fL'.ig  limb.  To  pr.xluct-  rtt 
rent  in  question,  only  the  leg  of  the  animal  is  necess-irv:  alik-c, 
several  exjierimenls,  ihe  leg,  ihiyh,  denuded  nerve,  and  a  pori.-m  c 
spine,  an;  mentioned  ns  being  employed.  The  auihor  in  one  of  h:f 
maries,  uses  Iho  following  lungii.igi;;  "Each  member  of  a  frft. 
priting  the  Ug,  thigh,  spinal  ncrre,  and  a  smatl  portion  oflhcrpiitt 
ttiltilfs  a  complrif  eJeclromotor."  Ver  it  fully  appears  fri'm  his  sdiae 
narrnlive,  lh:it  the  ihigh,  nerve,  and  spine,  contribute  nothing  to  ihf 
tromotive  energy.  The  nerve,  from  its  low  conduclin"  pmer.  r 
diminishes  than  increases  the  inlensily  of  the  discharge.  Ii  lollon-) 
the  statement,  above  mnde,  shnuld  have  been  reserved  for  tb.- !■ :;  ( 
frog;  which,  agreeably  to  the  author's  observations,  is  reollv  an  elecij 
tor  as  much  as  any  galvanic  triad  (.S13).  [t  does  nol  appear  to  h-' 
mined,  what  portions  of  the  leg  perform  respectively  the  pflris  of  e 
and  zinc :  the  sanguineous  liquid,  retained  in  the  port's  ofthe  fk»h. «( 
■cl  as  the  electrolyte. 
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^  549.  Nobili  bad  found,  that  by  disposing  a  number  of 

^'  frogs  io  suTch  order  as  to  resemble  a  voltaic  series,  an 

increase  of  power  in  the  resulting  electrical  current 
would  ensue.  To  construct  such  a  series,  it  is  suffi- 
cient that  the  frogs,  duly  prepared,  be  supported  by  one 
or  more  non-conductors,  so  that  their  dissimilar  ex- 
tremities may  be  in  contact,  or  communicate  through 
weak  brine,  forming  thus  a  species  of  couronne  des 
tasses.  The  adjoining  figure  illustrates  one  convenient 
mode  among  others,  by  which  the  frog  limbs  may  be 
I  connected,  so  as  to  be  in  voltaic  order.  Of  course  the 
series  might  consist  of  several  similarly  associated. 
M  N  is  a  glass  rod,  by  which  the  frog's  limbs,  A,  and 
those  at  B,  are  supported  and  insulated.  According  to 
Sturgeon,  when  the  spine,  D,  of  B,  is,  by  means  of 
another  glass  rod,  brought  into  contact  with  the  feet  of 
A,  convulsions  are  produced.  Moreover,  it  will  be 
BO,  that  agreeably  to  the  experiments  of  Nobili,  and  those  of  Matteucci, 
len  a  conducting  communication  is  made  between  the  extremities  of  such 
I  organic  scries,  through  the  coil  of  a  galvanometer  of  2500  circumvolu* 
mHf  deviations  are  produced,  which  are,  as  far  as  tried,  greater  in  propor- 
o  to  the  number  of  the  series. 

650.  At  first  the  frogs  thus  employed  were  prepared  as  above  described, 
as  to  consist  of  the  legs,  thighs,  and  a  bit  of  spine,  but  Matteucci  disco- 
red  that,  as  naturally  associated,  one  limb  operated  in  some  degree  as  a 
icharger  to  the  other,  so  that  on  the  removal  of  one,  the  other  became 
>re  efficient.  It  has  been  mentioned  that  the  thigh  and  nerve  added  no- 
iog  to  the  electromotive  power.  Accordingly  it  was  found  that  a  battery 
ight  be  made  of  legs  only,  the  feet  belonging  to  one  leg  touching  the 
nuded  muscular  extremity  of  another,  so  that  the  dissimilar  parts  of  the 
!K>Ie  number  were  in  contact  in  voltaic  order  (362). 

551.  Of  the  voltaic  series  thus  formed,  the  efiects  upon  the  needle  of  the 
Ivanometcr  increased  within  certain  limits  with  the  number,  so  that  when 
10  element  could  produce  a  deviation  of  only  (bur  or  five  degrees,  the  se- 
»  would  produce  fifteen  to  twenty  degrees.*  These  deviations  were  of  a 
Lture  to  show  that  the  current  sets  invariably  from  the  feet  towards  the 
St  of  the  limb.     The  current,  thus  described,  is  designated  by  Matteucci 

the  current  proper  to  the  frog.  He  has  not  been  enabled  to  detect  any 
ing  analogous  to  this  current  in  any  other  animals  of  a  neighbouring 
ade,  such  as  lizards,  tortoises,  or  eels. 

552.  Nevertheless,  agreeably  to  the  same  authority,  currents  may  be 
own  to  take  place  from  the  internal  to  the  external  portions  of  the  mus- 
»  of  both  warm  and  cold  blooded  animals,  by  which,  deviations  in  the 
ilvanometrical  needle  and  contractions  in  a  galvanoscopic  frog's  leg  may 
t  produced,  as  striking  as  those  resulting  from  the  current  proper  to 
ags. 

553.  Sections  of  thighs  of  frogs,  of  the  bodies  of  eels,  or  of  the  thighs  of 
bbits  or  pigeons,  being  arranged  in  a  series  of  eight  or  ten  on  a  varnished 
ank,  so  that  the  internal  surface  of  one  should  touch  the  external  surface 

*  The  deviations  of  the  needle  of  a  galvanometer  are  ettiroated  by  m  aeoii-circle, 
mdnmied  to  ninety  decreet  on  each  tide  of  the  point  at  which  it  rests  when  undit- 
rbed. 


the  external,  the  skin  being  removed,  a  currcat  is  c 
parts  to  the  outer. 

5Sd.  That  this  current  varies  as  to  ioteosity  i 
whose  muscles  are  employed. 

557.'  That  by  disposing  duly  made  sections  of 
described,  in  a  scries,  vollaically,  the  intensity  of  I 
tion  to  the  number  or  the  sections  so  associated. 

558.  The  author  adverts  to  a  fact  which  he  had 
when  water  and  blood  communicate  through  a  liqu 
is  induced  Trom  the  latter  to  the  former,  Forese< 
presented  as  accounting  for  the  current  from  the  in 
mal  muscle,  he  points  out  that  a  current,  icsultiDg  I 
in  the  muscle  and  the  water  used  as  a  conductor, 
its  effect  on  the  needle  to  that  observed,  which  is  oi 
the  direction  being  from  the  water  towards  the  si 
a  conclusive  answer  to  the  objection  thus  founded, 
the  galvanometer  were  due  to  the  electromotive 
water,  arranging  the  sections,  so  as  to  form  a  vnlia 
augmented  the  intensity  as  it  was  actually  ascertaii 

559.  Further,  it  is  alleged  that  the  current  dete 
between  water  and  blood,  endures  without  dimioi 
that  which  takes  place  in  the  muscles  of  recentlv 
stent,  and  ceases  sooner  in  proportion  as  the  anima 

560.  Contractions  were  produced  in  the  leg  o 
when  the  nerve  was  made  to  complete  the  poles  of 
of  moistened  paper.  Even  when  the  paper  was  sc 
that  the  galvanomelrical  needle  was  not  affected  by 
platina  blades  in  contact  with  the  paper  at  different 
communications  between  the  paper  and  frog,  coi 
longer  the  strip  of  paper  employed  for  a  part  of  th 
number  of  the  sections  requisite  to  produce  the  coo 
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^^563.  An  experiment  is  described,  ii^  which  several  live  frogs  were  sub- 
^^^^tod  to  a  process,  which  may  be  literally  considered  as  excruciating,  by 
filing  their  feet  against  a  varnished  plank,  removing  their  legs,  skinning 
^r  thighs,  and  in  cutting  in  half  each  alternate  thigh;  then  the  uncut 
^^igfa  of  the  first,  and  the  raw  surface  of  the  remaining  half  of  the  next 
^.igh,  were  brought  into  contact  in  voltaic  succession.     By  these,  a  series 

'four  elements  gave  a  current  of  twelve  degrees,  always  from  the  interior 
::  the  surface. 

663.  The  galvanometrical  deviations  caused  by  a  current  obtained  from 
z  live  sheep,  or  rabbit,  by  the  means  above  described  (560),  was  nnore 
:ian  six  times  greater  than  those  obtained  from  a  frog  in  like  manner. 
L  564.  The  potency  of  muscular  batteries,  in  which  the  size  of  each  ele- 

leot  in  one,  was  uniformly  double  or  triple  that  of  those  in  the  other,  was 
::tand  nearly  the  same ;  since,  when  they  were  so  arranged  as  that  the  one 
MiDteracted  the  other,  there  was  scarcely  any  current  produced  by  the 
;Soess  of  power  in  the  larger  element.  When,  of  two  batteries  of  frog 
lOighs,  of  the  same  size  and  number,  the  nerves  were  removed  only  from 
me,  no  diversity  of  power  was  found  to  ensue :  so  that  the  muscular  cur- 
eot  depends  neither  as  to  quantity,  nor  as  to  intensity,  on  the  integrity  of 
he  nervous  system  of  motion  and  sensorial  power.  Two  batteries  of  ten 
dements  each,  being  constructed,  the  one  of  the  thighs  of  frogs,  of  which 
Jw  spinal  marrow  had  been  destroyed  by  a  hot  iron,  and  their  lower  limbs 
Jios  paralyzed,  the  other  differing  only  in  being  made  from  animals  of  the 
Mune  kind,  in  which  the  spine  had  sustained  ho  injury,  it  was  found  that 
irhere  the  two  batteries  wero  made  to  act  in  opposition  in  the  same  circuit 
XNnpleted  by  the  galvanometer,  the  deviations  of  the  needle  in  the  direction 
)f  the  former,  was  from  sixteen  to  eighteen  degrees.     In  fact,  this'battery 

Sive  separately,  from  fif\y  to  fifly*five,  while  the  other  gave  only  from 
rty  to  forty-five  degrees. 

665.  This  is  considered  as  confirming  the  inference  already  made,  that  the 
iitegrity  of  the  motive  and  sensorial  nervous  system,  has  no  bearing  on  the 
ntensity  or  the  direction  of  galvano-muscular  currents.  Whether  or  not,  the 
frogs  from  which  batteries  were  constructed,  had  been  rendered  drowsy  by 
>pium,  nux  vomica,  or  other  narcotic  poisons,  made  no  difference  in  the 
»irrents  which  they  gave ;  excepting  in  one  instance,  in  which  it  8ee^x^d 
M  if  a  feeble  dose  augmented  the  power  of  the  current.  Moreover,  it  is 
not  to  be  inferred,  that  the  capacity  to  produce  a  current,  is  not  enfeebled 
yt  destroyed,  when  narcotics  have  been  used  to  an  extent  to  produce  death. 
Progs,  thus  poisoned,  are  as  unsuitable  for  a  battery,  as  those  which  have 
been  dead  for  a  much  longer  time,  after  being  killed  and  prepared  in  the 
usual  manner.  In  operating  with  the  muscles  of  a  pigeon,  which  had  been 
tnoro  or  less  poisoned,  similar  results  were  attained.  Contrasting  the  gaU 
rano-eloctric  power  of  e(|ual  series  of  the  muscles  of  frogs  or  pigeons  killed 
by  immersion  in  carbonic  acid,  cyanhydric  acid,  or  arsenuretted  hydrogen, 
snd  of  such  as  were  killed  as  usual,  no  superiority  was  found  in  any  case, 
excepting  that  a  little  superiority  appeared  in  the  muscles  of  those  which 
bad  been  poisoned.  Yet,  in  the  case  of  muscles  from  frogs,  or  pigeons, 
killed  by  sulphuretted  hydrogen,  a  great  loss  of  power  was  discovered,  as 
^ntrastcd  with  the  muscles  of  animals  prepared  in  the  ordinary  way ; 
nnce,  when  by  a  similar  series  of  the  latter,  scarcely  any  deviation  could  be 
obtained,  by  the  former  fifteen  degrees  were  effected. 

The  following  is  the  author^s  summary  of  his  inferences. 

566.  Ist.  The  intensity  of  the  galvano-muscular  current,  as  measured 
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by  deviatioDB  of  the  gal vano metrical  noidle,  varies  iaeoU  UasUri 
praportionaily  to  the  temperature  of  the  medium  in  vlaiA  ikoy  lad 

for  some  time  previously  to  iho  experimenis.  - 

567.  The  dumbility  of  the  current,  is  (ess  in  proportioo,  ■■  Ac^ 

more  elevated  in  [he  scale  of  beings. 

566.  The  inieosily  of  the  current  varies  as  the  nnUnoI  hat  healtj 

worse  fed,  and  is  iuvigoraled  by  inflanimuliou,  or  songuincoai  <afi 

resulting  from  a  wound.  4 

569.  It  is  independent  of  the  integrity  of  the  ocrvtMu  wytUn,  m  ii| 
the  sensorial  and  motive  power. 

570.  Narcotic  poisoos  have  scarcely  any  iaauenoc  on  tUaoniMi 
spects  iDlensiiy,  and  as  to  its  direction  they  bave  oonc-. 

511.  Among  gaseous  poisons,  sulphuretted  hydragn],  ia  U  ■  id 
extent,  productive  of  an  enfeebling  influence,  while  cyaohydiie  lafcl 
seniuretled  hydrogen,  if  productive  of  any  change,  suenglbtB  i  W 
little. 

572.  The  direction  and  the  strength  of  tho  gairano-muHDlar  <■ 
are  altogether  independent  of  any  assistoncc  from  the  Deires.  >lli 
only  as  imperfect  conductors,  representing  and  transnuttuig  lliadirif 
citemeut  oflhe  muscle  with  which  they  are  associated. 

573.  Messrs.  Pacinotti  and  Puccinotti,  of  Piss,  in  ■  great  raaW^ 
meats,  in  which  one  of  the  blades  of  a  galvaaocneler  was  plno^iil 
leg,  the  other  into  the  brain,  obtained  deviations  of  the  iw^^fUf.  vlidk 
at  the  same  lime  sufficiently  striking,  and  of  &  nature  to  d 
existence  of  a  current  flowing  from  the  brain  towards  the  n 
the  animal  fabric. 

574.  Alluding  to  these  results,  Alatteucci  advcrla  to  lfa»  diU 
avoiding  erroneous  results.  He  suggests  that  the  action  oTllnUMii 
flows  copiously  from  the  wound  in  the  brain  as  Usually  niMlSi  iairf 
by  its  reaction  with  the  terminating  blades  of  tlie  galvuioiDelertHpi 
deviations,  especially  as,  in  order  not  to  diminish  ibcvitBlitv^rtbeM 
had  been  preferred  to  perforate  the  head  the  last.  Mcrciv  th-'  in:'. 
suiting  from  moving  the  blades  is  suflicient  to  incrr^nsc  the  (lcvia-.:.:n.-- 
having  himself  taken  various  precautions,  tho  deviation  on  lir^I  ■.n.c* 
was  always  such  as  to  comport  with  a  current  in  tlic  dirociivr.  ir": 
brain  towards  the  feet,  as  observed  by  the  electricians  above  n-ninii. 
M at loucci's  statement,  that  deviation  varied  from  eight  to  ten  Jt-jni'' 
aa  the  current  did  not  persist  in  its  direction  after  the  first  plur^ 
very  much  enfeebled  alior  ilie  thinl  immersion,  and  was  vrr;  ■:■!> 
versed,  it  does  not  seem  that  much  reliance  is  to  be  placed  un  lYrim 
and  direction  of  the  current  in  question. 

575.  Assuming,  however,  that  there  is  a  current  from  the  bram  :,' 
the  lower  parts  of  the  body  or  iiml»s,  our  author  conciivcs,  that  ;1  i' i 
sequence  of  the  nervous  system  acting  as  a  conductor  la  th-'  rc;? 
masses  into  which  the  nerves  ramify.  Yet,  be  .idtiiiis,  that  this  iiij  . 
altogether  compatible  with  the  fiict  of  the  production  of  a  curp  □:  ■■: 
cither  by  a  contact  with  the  interior  of  any  of  tho  muscles,  or  ":::;  3 
the  muscular  surface ;  and,  further  investigation  is  requisite  for  the  c'. 
tion  of  this  subject. 

576.  The  author  concludes  with  this  oliservution,  Pcrhnps  il"  [>. 
system  may  exercise  on  the  gnlvano-animal  current  an  indirv:  ri;^-; 
arising  from  its  participation  in  the  process  of  muscular  nuiriiKin.  »:: 
is  not,  however,  possible  to  prove  by  direct  experiments. 
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EXHIBITION  OF  VOLTAIC  SERIES  OF  VARIOUS  CONSTRUCTIONS. 

577.  Voltaic  Pile,  as  originally  constructed,  exemplified 
—also  the  Couronne  des  Tasses. 

578.  Apparatus,  employed  by  Sir  Humphrey  Davy,  ex- 
3mp1ified  by  two  porcelain  troughs,  in  each  of  which  are 
suspended  ten  pairs,  consisting  severally  of  a  zinc  and  a 
copper  plate. 

579.  Apparatus  exhibited,  in  which  the  cells  are  made 
by  partitions  of  glass,  and  the  galvanic  pairs,  instead  of 
being  attached  to  beams  in  order  to  be  lifted  out  of  the 
acid,  are  kept  permanently  in  their  cells;  the  acid  being 
removed  by  a  partial  revolution  of  the  trough  upon  pivots, 
when  the  action  is  to  be  suspended. 

580.  Construction  of  Cruikshank  pairs  and  trough  illus- 
trated. 

581.  Galvanic  deflagrators  exhibited  of  various  dimen- 
Bions  and  numerical  extension,  combining  the  advantages 
of  the  Cruikshank  trough  with  those  of  the  deflagrator. 

582.  Effect  of  the  circuit  upon  the  animal  frame. 

583.  Iodine  evolved  and  made  evident  by  starch. 

584.  Water  decomposed,  and  recomposed. 

585.  Various  apparatus  for  different  amalgams  pro- 
iuced. 

586.  Deflagration,  fusion,  and  volatilization  of  charcoal, 
netals,  anthracite,  and  plumbago,  exhibited.  Likewise  of 
rarious  metallic  wires,  of  tin-foil,  tinsel,  ancf  mercury. 
Fusion  and  incorporation  of  iron  and  platina,  under  water. 
Hydrate  of  potash  deflagrated  upon  charcoal,  and  upon  a 
piece  of  silver  coin. 

587.  Fusion  of  platina,  on  contact  with  chloride  of  cal- 
cium and  other  solutions  in  the  voltaic  circuit. 

588.  De  Luc^s  columnar  apparatus  exhibited  and  ex- 
plained. 

Exhibition  of 

Grove's  gas  battery. 

DanielPs  original  constant  battery. 


Improved  constant  battery. 

Grove's  sustaining  battery. 

Apparatus  and   processes  for  electro-typing,  dIb  I 

electro-gilding  and  silvering,  ^.,  and  motaUo  chnaa 

Of  a  Process  for  Rock-blasting. 

589.  I  have  already  adverted  to  the  cfScadooi  ik 
perfectly  safe  process,  for  rock-blasling  and  bknnig^ 
wrecks  of  vessels,  fortifications,  tkc.,  with  which  1  01 
trived,  in  1831,  to  ignite  twelve  charges  of  gunpowtej 
the  distance  of  one  hundred  and  fifty  feet  (447).  Hcf| 
that  it  will  serve  the  cause  of  humanity  to  make  lliis|l| 
cess  better  known,  I  subjoin  the  original  accoUDt  of  *jl 
pubiisbcd  in  the  Journal  of  the  Frankliu  Institute  in  Ml 
Vol.  XX.  page  221. 

Daerialian  of  a  Procat  and  an  /ipparalut  far  BlaMing  Rotkt.  ^  mtwmifV^ 
Ignllinn.  CanmunicalNl  by  Rotcrl  llnre,  MP.  Pn^tttat  ^  CUatutrj  «4i1 
tierrity  of  PenHfytranui.  ^ 

691),  1  liavo  olncrvcd  Various  Ifeounln  in  UiO  nawipapen  of  trurt—  lAj 

dre«dful1y  laoffilprf,  by  Ihe  blualinj  of  rixrk*. 

591.  I  lure  uceitmnod  that  by  a  new  *pplii-«tiAa  of  nlranlaoi,  rack*  ■] 
riven  witii  leas  danger  tliin  lliit  wtiich  ilWadi  Ilia  tiring  0/4  pMaL  I  vwiM 
to  aUBmut  this  imptovenienl  in  cunwquence  of  tn  npplinliaa  by  a  piMai*! 
Miwea  Sliaw,)  (or  osiistanco  in  peifvcting  liia  pateatdd  nifidB  of  UuCisf  i«ck%^ 
elecuical  disohirgo  from  ■  Loydon  jsr. 

593:  In  ■  letttr  dated  JtiDB  IbI,  ftOI,  he  vyi,  "  I  havn  been  Bncafwd  toHt 
Tooki  by  manna  of  B  fulmrnitinr  p<iwd(<r,intro^Li.  <  ;.  iti(«,«Mli|l 

in  nil   of  Ihcin  simulUtR.ously,  hy  »  .psrh  tV.  .  :;,»,.  M«l 

mearB  mnasDB  of  1  iniipli   larijpr  size,  and  of  ii   ..ni.l,    .„..r,-  miiI.i'I,.   ..-..j..:- 

wi[e'n,^neonsc^uenc^of%eVf^vouJ^ 

feated  by  olIierB,  alUiough  1  bivc  consul\cdall  Ibe  bi;»l  iiiftirmcd  [.rL.ll-sfc.f*  ti  ■ 
have  bad  acceBs." 

59;t.  [loccurred  lome.nB  Boon  n.llii»iitalcnicnl«as  made  by  Mr  -fhiw.-^x: 
igrition  of  gunpowder,  for  tlio  purpises  lie  had  in  vim-,  nnulii  be  i^tl. .  i.'cl  :■;  1 

in  mj  eudiomclrkal  eipcriinenla  to  ignilo  B.ipli^aive  ^.neon-i  miiiun-*.  Ti^.i 
eeaa  is  froc  from  llic  unrertainty,  tvliirb  ir  nlnaVK  iiK.n-  -t  less  alieri,:,iii:  ai-  ^ 
employment  of  mechanical  elcctricily,  llir  similar  piirpiBie*. 

b:<i.  Tbe  expectation  thus  arising,  ban  aincc  liucn  liijly  vcrifird.  I  hitr  - 
ai  many  aa  twelve  charifBa  of  gunimwder  al  llie  diHlanre'of  one  biindnii  ,i(.-;  ■-• 
feol,  from  the  galvanic  mnebino  cmployrd,  Tl.i»  di.tance  i«  „.„.-l.  cr,.^!.  r  •-• 
necessary  to  llie  safety  uf  the  operator.  M  the  dcllaurntur  ni.-iv  be  i-bi'  ;d<  0  -■  =' 
to  be  injurc.1 17  llie  explosion,  and  by  moans  uf  levers  anJ   iMilleys  it  iiu.  i-  :. 

cbarges  wlucb  may  bo  tbiis  ignitotl,  excepting  tbo>E'  .i>siiriii-d,  l-v  •'<- 'ii.iriiv.  t< 
aiie  of  the  apparatus  employed. 

air..  Thew!  remarhs  have  rercrcncc  to  the  principal  and  hiirblv  iiuji-.tisni .  ( ■'. 
Mr,  Shaw's  jiruject,  which  is  to  ignite  al  oner  a  grrat  nonili.r  i.r<b.-ir;,-s,  m  i-\. 

Csrforatioua  so  drilled  in  a  rock,  as  to  couporutc  timiillaticou^ly  m  Iii>;  tami'  ,'. 
y  tlii'se  means  it  is  conceived  llial  llic  atone  may  be  seiiarali-it  'inl.j  lirj;.'  jin-n. 
or  tabular  iiiaaHea,  instead  ol'bcing  reduced  to  irregu]3.r  fragnientii  ot  an  mlVi^  -r 
The  object  to  which  I  pro|io6e  uow  to  call  attention  more  [Ninicularly.  i»  1  u..  t 


1  pioBMi  of  bbMinf  by  otM  ehMtgt,  which  nndan  tint  piae— 


bUtm 
606.  Thii  part  of  tlia  ii^ject  I  iholl  introduco  by  pnmiHDf ,  that  KtoMMt  •]]  ti 

~~id«Dt«  which  hare  I  '  "  .—.it » .. 

«  following  model  :- 


eeidoot*  which  hare  taken  place  in  blaating 


ITS  occorrod  in  on*  of  tl 


U.  A  prematare  eiploiioD  hai  eniued  IVam  a  ipark  produced  by  tho  eolliaioD 
rlnng  from  ramming  into  the  perforation,  conltining  the  powder,  the  briokdnat,  or 
ml,  or  other  matter,  gmplojed  to  cloee  it, 

3d.  The  fire  not  rescbing  the  charge  ailer  the  sipiration  of  a  peHod  Di 
W^,  and  the  operator  TBlurning  la  itcartain  the  cauie  of  the  luppoewt  failiiro,  an  < 
loMon  enauu  when  he  ii  to  near  u  to  luffer  b;  it,  la  is  the  inatance  near  Nor 
nm,  publiihsd  aoine  yean  ago, 

"^  ~  -<■-...  mii^tin^  ignition,  to  which  I  hare  rraoried,  are  h  fbl> 


it  witb- 


Thiab 

.  which  ta 

audi  of  the  wirea  are  bald  b;  a  Tice,  eo  aa  to  kaap 

Mm  in  a  proper  itate  of  teniion.    ARer  being  thna  twiated,  a  amall  portion  ia  uO' 

wiated,  so  a*  to  gel  at  and  divide  the  larger  wirea  by  meaua  of  a  pair  of  nippera. 

n  Ihia  wa;  tha  sinidler  wire  ia  rendered  the  aole  mean  of  metallic  connexion  ba- 

ween  the  larger  onea.    Theae  are  tied  in  a  aaw  kerf,  ao  made  in  a  amall  piece  of 

ofwood  aa  to  aeenre  them  from  working,  which,  if  permitted,  wonld  oanaa  the 

luller  wire  to  break  apart.    Atono  end,  the  twiat  formed  of  the  wirea  ia  aoldered  to 

be  bottom  of  a  tin  tab«  of  a  liie  to  fill  the  perfuration  in  the  rock  to  ancfa  a  height 

a  mar  be  deemed  proper.    Tbia  tube  being  aupplied  with  gunpowder,  the  orific    ' 

k»ad  with  a  cork,  perforated  ao  that  the  twisted  wire  ma;  paaa  ont  Ihrongb  it  w 

at  toucliing  tlie  tube  at  any  point  abore  that  where  the  liner  portion  alone  in 

enm.    To  the  outside  of  the  tnbo,  a  copper  wire,  about  No.  IG,  ia  aoldered,  long 

iMngb  to  eilond  to  ■  atuut  copper  wire  proceeding  from  one  of  the  polea  of  a  gat 

Mlic  deflagtalor  or  calorimotor.    Ttie  wire  (>aaaing  through  the  cork  Iram  the  inaida 

of  the  tube,  ii  in  lika  maanar  made  to  oommuDioate  with 

"■  ^  the  otiior  pole.    The  connBiiona  between  the  wirea  and 

tlio  pulea,  ihould  be  made  bj   meaoa  of  aoft  aolder,  pre- 

J>  ^  vioualy  to  which  we  moat  imagina  that  the  tube  baa  been 

\\  I  /   C    ^A  UJ  introduced   into  a  perforation  made  for  ita  reception  in  a 

M  /    I      /\il/  rock  to  bo  bla  add     The  tin  tube  may  be  aecnred  within 

N   '      I     /   \  '  ''"  ""'^  '*?  ^'  Daual  malhod  of  ramming  in  briekduater 

I     I  aand,  by  meina  of  a  plug,  haiiDK  bolea  for  the  proleclion 

I    /  of  the  wirea  of  eommunicution  already  deaeribed* 

I   f  ^M.  The  apparalua  being  thua  prepared,  by  a  gilTanio 

I  f  diachargo,  produced  by  tha  movement  ef  a  lerar  throngh 

t  the  quarter  part  of  a  circle,  the  finer  wire  ia  ignited,  in  Uia 

ptaca  where  it  inter* onea  aolely  in  the  circuit,  ao  aa  to  eat 

fire  to  the  aurrounding  gunpowder. 

5!K).  Aa  the  encloaure  of  the  gunpowder  in  tha  tnbe, 
muit  render  it  impoeaible  that  it  ahould  be  afieoted  bj  ■ 
apark  olicitod  by  ramming,  aa  no  UMMoa  of  ignition  can 
have  Bcceaa  to  the  charge  beaidai  the  galvanic  diacharga ; 
and  aa  thia  can  only  occar  by  detign,  without  an  inlantion 
to  commit  murder  or  aaicide,  or  by  unpardonable  neglect, 

I  it  ia  incouceiTable  that  an  eiploaion  can  take  ^lace  in  Ihia 
method  of  blaaling,  when  any  peraon  ia  ao  aitnatad  aa  to 
■ulfer  b.  it. 
GOO.  It  muat  be  obviotu  that  in  all  caaea  of  bleating  nn. 
der  water,  the  plan  of  a  tin  tube,  and  ignition  by  a  galvanie 
circuit,  muat  be  very  eligible. 

6U1.  At  A  ia  repreaentad  a  cylinder  or  tube  of  tinned 
iron,  replete  with  lunpowder.  At  C,  the  twiated  wirea 
are  repraaented  aa  they  nratrnde  from  the  cylinder  through 
a  curb,  by  which  the  latter  u  cbwod  at  the  upper  and. 
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Tba  Other  endi  oT  the  win*  an  uldend  to  the  Tnatallie  diak  wUek  CmmAr  ! 
nf  Iho  cjlinder.  D  repreBenlt  the  twisted  wires  >■  thsy  ■i>|inar  whM  (Ittik^ 
OttM  are  cut,  the  smalkr  wire  ■till  uniting  Ilipm.  F  mpnrtrnlathrfiaialhrfU 
duly  prapurc^d ;  nnil  1^  the  wirei  as  when  supporlod  by  llin  W"^  Tbv  marki 
only  to  imagine  llie  tiulu  in  the  wood  lo  be  supplioi)  trith  l)ia  TulnuiUIiac  *^ 
tion,  and  coverad  by  s  nilot  of  paper  or  eloth.  ^lued  or  piuUail  artivnd  lb  *■* 
ordor  to  complete  hli  coDceptioa  oflhe  wires  asfiaalljr  sccoUtrsdasJflUBUJsKi 
tbo  aylinder  A, 

003  Betides  aSarding  aapport  lo  tha  largvr  wires,  and  thtn  ptntoctjtr  tto  a^ 
wire  aniling  Iheni  frooi  rrecture,  the  piece  of  dogwood  whioh  has  beaa  anrAa.! 
means  of  tbe  »niall  hole  repreiented  in  il,  aerTtiB  to  h^ld,  aod  lo  fitmni  ■■■ 
with  the  liltla  wire,  aomo  fulminatiog  powder.  This  not  only  &dlMHi  ki 
cipient  i?Dilian  of  the  contents  of  Ihe  cyliader,  bnt  miiat  nak*  H  aiM<  ■ 
rapidlj  Ihroitghout  tlie  mass,  and  must,  of  (bourse,  cauaa  it  lo  ba  OM*  f"^ 
"  lallic  nrBonic,  and  chlorats  of  pntaili  (inelv   puwdercd  and  ininflad,  aai*  MV-I 


doubt,  in  lieu  of  the  pteparatioA  Dtentioncd. 


ELECTRaMAGNETISM. 

720.  The  science  of  Electro-magnetism  may  be  said  to 
consist  of  a  knowledge  of  a  series  of  facts  ascertained  re- 
specting the  influence  of  active  electric  circuits  with  each 
other,  or  with  bodies  which  may  have  been  magnetized, 
or  which  are  susceptible  of  being  rendered  magnetic.  To 
describe  and  illustrate  experimentally,  some  of  the  most 
striking  among  the  facts,  to  which  idlusion  is  thus  made; 
giving  also  sucli  theoretic  elucidation  as  the  present  state 
of  science  will  afibrd,  is  all  that  the  limits  prescribed  to  this 
treatise  will  permit. 

721.  The  science  of  Electro-magnetism  may  be  con- 
sidered as  comprising  the  following  branches,  each  pro- 
ducing, as  its  appropriate  fruit,  phenoihena,  which  are  not 
only  highly  wonderful  and  interesting,  but  likewise  of  great 
practical  importance. 

SYNOPSIS. 

Reciprocal  reaction  of  Magnets. 

Reaction  bettoeen  Magnets  and  Electrical  Currents. 

Attraction  and  Repulsion  between  Electrical  Currents  and 
the  Movements  thence  arising. 

Induction  of  Currents  by  Electrical  Currents^  or  Electro^ 
dynamic  Induction. 

Induction  of  Magnetism  by  Electric  Currents^  or  Electro^ 
magnetic  Induction. 

Induction  of  Electric  Currents  by  Magnetism^  or  Magneto^ 
slectric  Induction. 

722.  It  had  long  been  observed,  that  there  were  striking 
analogies,  as  well  as  discordancies,  between  the  charac- 
teristics of  electricity  and  magnetism.  The  similar  poles 
of  magnets,  freely  suspended,*  were  observed  to  recede 
from  each  other,  and  dissimilar  poles  to  approach  each 

*  AUunon  is  horo  nuuie  to  wh«t  is  called  tuuall/  amafiieUc  iMedlSi  as  repreteutod 
ia  fifura  (35). 

L 
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other,  Id  a  mode  quite  analogous  to  the  separatkfl 

proximal  ion,  under  lilte  circumstances,  of  substance 
larly  or  dissimilarly  electrified. 

7^3.  It  had  also  been  observed,  that  irou, 
■vicinity  of  lightning  rods,  or  otherwise  indirecllya 
by  lightning,  had  in  some  instances  been  readfia 
netic. 

724.  So  far  then,  the  existence  of  an  analogy,  Q 
association,  between  electrical  and  magnetic  pba 
was  demonstrable;  but,  the  magnetic  repulsions! 
tractions  took  place  under  circumstances  exlron 
favourable  to  the  existence  of  the  opposite  elect 
The  magnetic  needle  being  a  perfect  conductor,  tha 
of  course  be  no  permanent  existence  of  opposite  o 
electrical  excitement  at  the  extremities.  MoreoTer, 
pole  of  a  magnet  was  more  susceptible  of  being  al 
by  electrified  bodies,  than  any  other  metallic  wire,s 
suspended ;  nor  did  either  of  the  electricities  aft 
pole  more  than  the  other.  The  poles  of  the  voltai 
ratus  were  found  to  be  perfectly  indiflerent  to  tbo 
magnet,  when  it  was  presented  to  them,  during  iba 
ruption  of  the  circuit,  which  was  deemed  neccssai3 
production  of  electrical  excitement. 

725.  The  contact  of  another  magnetizable  bodj 
of  iron  for  instance,  was  found  to  strengthen  and  p 
the  opposite  magnetic  excitement,  while  a  similar  i 
tion  would  be  destructive  of  the  opposite  electric 
meat. 

F.,.  33  720.    I'ndcr    tIir?o  i 

sffiiiccs,  then,  it  never  oi 
to  any  one,  that  tlic  ni 
poles  could  hv  inliutn 
cloclricily,  whellur  a: 
or  niechunical.  till  I'r 
Oersted,  in  the  wiuior  o 
ascertained  the  c.\i<Ioin 
reciprocal  inlluence.  h 
the  nmgnctic  nei-iilc. 
wire  connecting  the  pol< 
galvanic  apparatti*.  In 
ciice  to  this  inlhiencc.  in 
dently  of  terrestrial  gravitation  and  magnetism,  the 
when  freely  suspended,  was  found  to  assume  invan 


91 

^sposition  at  right  angles  to  the  direction  of  the  current,  or 
^;more  precisely,  that  of  a  tangent  to  a  circle,  concentric 
with,  and  at  right  angles  to,  the  axis  of  the  wire  through 
^which  the  current  flows  (742).  Reference  has  been  made 
^o  this  wonderful  reciprocal  influence  and  the  admirable 
^jralvanometrical  invention  to  which  it  gave  rise  (306). 
^It  will  be  treated  of  more  particularly  under  the  appro- 
g^priate  head:  Reaction  between  Magnets  and  Currents  (731, 

'Z  Of  Magnetic  Induction. 

2:  727.  Magnetism  has  some  analogy  to  statical  electricity 
^Tf  in  the  phenomena  of  induction^  but  utterly  difiers  from  it 
respects  conduction. 

Fig.  38. 

M  B 


D  1^      nH 


728.  Thus  the  bar  of  iron  B,  figure  36,  becomes  mag- 
'■  netic,  while  in  the  vicinity  of  the  permanent  steel  bar  mag- 
net M,  precisely  as  B  would  be  electrified  by  M,  if  pre- 

^  viously  charged  by  a  machine :  but,  in  the  one  case,  there 
;  must  be  good  insulation,  while  in  the  other  none  is  recjui- 
Bite.  The  contact  of  M  with  B,  would  cause  an  electrical 
charge  to  be  divided  between  them,  whereas  the  same 
contact  would  cause  the  magnetic  charge  in  B  to  be 
higher.  In  the  one  case  the  existing  body  loses  power  by 
contact,  in  the  other  it  sustains  no  loss.  That  B  is  mag- 
netized, may  be  shown  by  its  attracting  an  iron  nail  or  iron 
filings,  if  sufliciently  near. 

729.  If  several  pieces  of  soft  iron  be  placed  successively 
in  contact  with  each  other,  and  with  a  steel  magnet,  as 
represented  in  the  cut,  figure  37,  they  will  become  magnets 

Flf .  37. 

by  induction,  but  will  lose  the  property  entirely  if  soon 
separated.  Yet,  a  piece  of  iron  kept  for  some  time  in  a 
state  of  induced  magnetism,  retains  the  property  to  a  cer- 
tain extent,  In  proportion,  as  a  steel  bar  is  harder,  it  is 
less  susceptible  of  receiving  magnetism,  but  is  more  reten- 
tive of  this  property.    On  account  of  its  superior  retentive- 
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nesB,  all  artificial  magnets  are  mode  of  Bteol,  r 
hardened.  Latterly  our  means  of  iinp»arting  magneiiHi 
iron  or  steel  have  been  immensely  improved-  A  9d 
needle,  or  b^r,  may  be  permanently  magnetized  by  iki» 
ing  it,  from  one  end  to  the  other,  over  either  pole  rfij 
powerful  magnet.  The  magnetism  at  the  end  which  ■■<"' 
towards  the  pole,  becomes  the  opposite  of  tlie  pote  i 
approached.  If  drawn  from  end  to  end  in  the  euK^j 
rection  over  the  other  pole,  the  magnetism  will  be  afe] 
bled,  if  not  destroyed  or  reversed;  if  contrarily,  it  vflh 
confirmed,  if  not  strengthened.  Hence,  there  are  W 
ways  of  producing  the  same  results,  drawing  simUat^  mt 
the  same  pole,  or  dissimilarly  over  different  poies,  J 

Pi,.  38.  "730.  If  while  a   U  magMlf 

so  situated  as  to  liuve  the  pdl 
}"'.:':  "v^v;^^'     uppermost,  as  represented  in  ii 

engraving,  a  sheet  of  6nD  pM 
be  placed  horizontally  over  ■■ 
in  contact  with  thorn,  oo  dM 
ering  iron  filings  from  a  miM| 
or  sieve,  they  will  arrange tM 
selves  as  represented  in  tbetf 
joining  figure.  Each  particle  of  the  filinfrs  becooMil 
magnet,  having  of  course  a  south  and  north  pole.  It 
magnets  thus  created,  arrange  themselves  in  files,  in  Mi 
sequence  of  the  attraction  between  tlicir  opposilelv  nitf 
netized  extremities. 

Fie,  M.  "'31.  In    the  files    thus  formed  bv  ik 

inductive  influence  of  the  north  &>V  J 
the  U  magnet,  each  little  magnet  will  hit 
its  south  pole  the  nearest,  while  in  lh«'  & 
formed  hy  the  south  pole  of  the  I'  majMl 
the  files  nearest  the  latter,  will  have  Uki 
north  poles  nearest.  Hence,  the  cstrem 
ends  of  tlie  files  acquire  opposite  polariue; 
which  are  at  tlie  same  time  the  opposil 
of  those  of  the  poles,  with  which  ihev  ai 
respectively  associated,  and  hence  ihes 
extreme  ends  converge  towards  each  otbi 
when  sufficiently  near. 

732.  Figure  40,  serves  to  represent  tl 

"  magnetic  [wwer,  given  either  to  a  di>k  < 

to  a  star  of  sheet  iron,  by  applying  to  il  i 


^ 


Pit- «. 
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about  its  centre  a  pole  of  a  magnet.  By 
the  polarity  thus  induced,  severnl  nails 
may  be  suspended  as  represented  at  N,  N, 
N,  N.  To  the  disk  a  fringe  of  iron  filings 
is  attached.  This  power  only  endures  so 
long  as  the  magnet  is  applied. 

733.  If  a  prism  of  iron  be  attracted  by 
a  permanent  magnet  at  either  pole,  the 
north  pole  for  instance,  the  prism  is  con- 
verted temporarily  into  a  magnet,  acquiring 
at  the  place  of  contact  a  polarity  the  oppo- 
'  site  of  that  of  the  pole  to  which  it  is  pre- 
'  sented.  In  other  words,  it  acquires  a  south 
~  polarity,  when  it  is  presented  to  a  north 
pole,  a  north  polarity  when  presented  to  a 
south  pole.  Meanwhile,  the  other  end  of 
he  prism  acquires  the  same  polarity  as  the  pole  by  which 
be  charge  is  effected.  Hence,  when  in  contact  with  two 
qually  [>owerful  bar  magnets,  as  represented  in  figure  42, 
.  prism  of  soft  iron  will  be  attracted  with  more  force  than 
he  sum  of  their  separate  forces. 

734.  Further,  if  after  having  attached  a  prism  of 
'*'""■     iron  to  the  north  pole  of  one  bar  magnet,  and  the 

south  pole  of  the  other,  on  bringing  uie  two  poles 
V  remaining  free  intocontact  with  each  other,orwith 

a  second  prism  like  that  above  mentioned,  the  at- 
I  tractive  power  of  the  four  poles  will  be  more  than 
I  twice  as  great  as  that  exercised  by  either  pair* 

when  the  others  arc  without  due  communication. 

735.  Hence  the  superiority  of  the  power  of  one 
--'  duly  magnetized  bar  m  the  shape  of  the  letter  U, 

ig.  41,  over  two  bar  magnets.  A  magnet,  thus  formed,  is 
ailed  usually  a  horse-shoe  magnet,  from  its  having  some 
esemblance  in  shape  to  a  horse  shoo :  but  preferably  on 
■ccouot  of  its  greater  resemblance  to  the  vowel  U,  it  has 
if  late  been  called  a  U  magnet,  by  Dr.  Page,  and  others. 


*  Fi{(.  43,  will  convey  a  comet  idea 
of  two  bar  nugneU  at  Ihej  an  adran. 
tagaouily  kept  in  ■  box  wilh  two  arma- 
turei  uau*]];  called  kcapen,  on  account 
of  their  iuitaining  the  magnetic  power 
when  kepi  in  contact  with  tha  polaa  ai 
r*pr»taiit«d. 


736.  Agreeably  to  the  state 
of  soft  iron  attached  to  both  p 
upon  them  iiuiuctively,  so  aa  i 
heighten  their  power,  since  it  is 
appended  to  it  is  gradually  inci 
acquired  to  a  certain  point.  0 
always  accompanies  a  U  magni 
armature.  Some  keepers  hav( 
tachment  of  weights. 

737.  Thu3  d 
keeper  or  arraai 
shoe  magnet  fa 
attached.  Th< 
be  perceived, « 
so  combined, 
with  the  same 
side.  Thus  i 
magnet  to  hold 
weight. 

738.  Under  I 
cal  induction,  it  will  be  seen  tJi 
the  means  of  affording  a  coa 
patients  to  electrical  discharj 
character,  but  of  which,  the  e 
fesembles  the  shock  given  by 
small  pairs. 

REACTION  OF  MAGNETS  WITI 

739.  The  student  has  been 
deviations  of  a  magnetic  need! 
fluence  of  an  electrical  curren 
was  expedient  to  make  u  prem 
of  detecting  the  currents  resu 
mo-eicctric  influence  (306). 

740.  In  order  to  form  an  ide 
to  an  electrical  current  wliich  i 
sume  could  it  be  free  from  th' 
gravitation  and  magnetism,  let 
cularly  on  the  pivot  of  his  wat 
row  representing  the  needle,  ai 
north  pole  points,  to  be  attachi 
hands,  and  at  right  angles  to  i 
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which  the  motion  usually  takes  place  in  clock?  and 
itches.  If  a  galvanic  current  be  supposed  to  flow  through 
9rire  passing  from  the  student's  eye,  through  the  pivot, 
5  situations  of  the  arrow,  during  one  revolution  of  the 
nd,  will  give  him  an  idea  of  all  the  positions  which  the 
edle,  when  carried  round  the  wire,  would  assume,  rela- 
ely  to  the  galvanic  current. 

741.  Supposing  the  current  to  be  reversed,  to  flow  to- 
irds  the  eye,  it  is  only  necessary  to  imagine  the  move- 
mt  of  the  hand  reversed,  and  the  arrow  bead  pointing  in 
3  opposite  direction,  to  give  an  idea  of  the  positions,  and 
3  directions,  which  the  needle  would  then  be  found  to 
sume  if  carried  round  the  galvanized  wire. 

Fif.44.  742.  Suppose  p,  n,  fig.  44,  to  be  the 

u  axis  of  a  circle  C,  and  that  a  current 

I  is  flowing  through  the  axis  in  the  di- 

rection of  the  arrows.  The  arrow 
heads  in  the  circumference  show  the 
direction  in  which  as  many  magnetic 
needles  would  point  if  exposed  to  no 
influence  besides  that  of  the  current. 
When  the  current  flows  from  N  to  P, 
^  the  relative  position  of  all  the  needles 

n|T  will  be  the  reverse  of  those  repre- 

^  sen ted. 

743.  It  is  not  possible  to  contrive  any  apparatus,  which 
II  illustrate  the  reactions  of  a  current  and  needle,  except- 
5  the  three  instruments  known  severally  as  the  compass, 
e  astatic,  or  the  dipping  needle.  These  serve  to  illus- 
ite  the  phenomena  only  when  they  take  place  in  an  hori- 
ntal  or  a  vertical  position.  Yet  from  the  results  obtained 
these,  an  idea  may  be  formed  of  those  which  would  ensue 
any  other  positions  in  which  needles  could  be  situated.* 

744.  Figure  35,  already  given,  represents  the  needle  in 
e  usual  form.  But  the  directive  influence  of  the  earth  is 
oided  by  associating  two  needles  as  in  the  subjoined  fig- 
es,  so  that  there  is  at  either  end  a  pole  of  each  kind.  If 
ese  be  of  equal  energy,  when  thus  combined  reciprocal 
^utralization  ensues,  as  respects  their  reaction  with  ter- 
strial  magnetism.  Such  a  needle  is  called  astatic.  When 
galvanic  current  flows  either  above  or  below  an  astatic 

*  Se«  engravings  and  deacriptions  of  galvanometera. 


needle,  excepliu^  that  as  one 

what  Dearer  to  the  current  than 

them  will  be  neutralized  no  1 

ence  of  the 


748.  The  following  engraving  representB  an  apparatus, 
means  of  which,  four  needles  A,  B,  C,  D,  are  simulta* 
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neously  exposed  to  the  influence  of  the  same  current,  in 
respect  to  which  they  occupy  different  situations.  Of  any 
two  needles,  of  the  four,  one  of  which  is  above  the  other 
below  the  current  moving  the  same  way,  the  poles  will  be 
seen  discordantly  direct^.  Of  course  any  two  of  the  four 
of  which  one  is  above  the  current  moving  one  way,  and 
the  other  below  it,  while  moving  the  other  way,  will  agree. 

749.  Accordance  in  the  direction  of  needles  exposed  to 
the  same  circuit,  is  found  only  when  the  situation  relatively 
to  the  current,  and  the  direction  of  the  current  are  alike, 
or  where  diversity  in  one  respect  is  compensated  by  di- 
versity in  the  other.  In  order  that  the  currents  thus  mov- 
ing in  opposite  directions  should  not  counteract  each  other, 
it  18  necessary  that  two  or  three  feet  should  intervene  be- 
tween those  portions  of  the  wire  in  which  they  take  place. 

750.  The  apparatus  must,  in  order  to  show  the  pneno- 
menon,  have  the  wire  in  the  plane  of  the  meridian,  so  as 
to  have  the  needles  parallel  to  it;  as,  when  uninfluenced 


by  the  current,  they  place  themselves  so  as  to  cwifc 
with  the  meridian  plane  nearly,  or,  in  other  wonb,»« 
to  point  north  and  south. 

701.  Tlic  necessity  which  exists,  of  perfortninatbtw 
perimcnt  so  as  to  avoid  every  injurious  iDtlupncc  froiil* 
reslrial  magnetism,  ought  not  to  create  the  idea  tfca* 
phenomenon  is  dependent  upon  that  magnetism.  "■ 
astatic  needles  (44,  40),  in  which  the  polarity  of  ooeB» 
die  is  so  counteracted  by  that  of  the  other,  oi  tonde 
the  two  indiQ'erent  to  the  polarity  of  the  earth,  ibc  dfn 
tiona  may  be  produced  without  reference  to  tlie  mento 
752.  The  magnetism  imparted  to  a  coil  by  a  galnti 
current,  agreeably  to  an  observation  first  made  by  ii 
-   ^  pere,  was  mgeniously  illustnled  b 

♦jf^\  De  la  Rive,  by  causing  such  a  cr 

%/*  to  float  together  with  the  g^m 

pair,  of  which  it  formed  the  comb 
I  ing  wire  by  means  of  a  cork,  a*  r 
'  presented  by  fig.  49.  C  and  Z  « 
small  plates  of  copper  and  zinc,  above  which  the  ail 
supported,  the  cniJs  being  soldered  severally  to  the  jhk 
When  the  whole  is  made  to  float  upon  acidulated  wslw, 
galvanic  current  passes  through  the  coil  from  the  cofl 
to  the  zinc  plate.  Under  these  circumstances  the  cadi 
react  like  a  magnet  with  either  of  the  poles  of  a  mui 
sufficiently  approximated,  so  as  to  cause  the  whole  app 
ratua  to  be  apparently  attracted  or  repelled. 
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Fiff  «. 


I.  Two  fonmof  the  MUvanoroeter  (50, 61),  are  illuetrated  by  the  Dre^ 
;  figures,  one  of  which  repreaeots  the  situatioii  of  the  needle  when 
rted  in  a  horizontal,  the  otner  in  a  yertical  plane.  Figure  51  cor- 
\da  with  the  dipping  needle;  figure  50  with  the  compass  needle. 

754.  The  rationale  of  these  in- 
struments may  be  made  evident 
by  the  more  simple  form  repre- 
sented by  figure  52.  In  this  the 
wire  makes  but  one  circumvolu- 
tion, as  in  the  larger  apparatus, 
fig.  49.  The  influence  of  the 
simple  cunent  being  understood, 
it  will  be  easy  to  conceive,  that  if 
the  needle  were  subjected  to  two 
such  circuits,  the  efibct  upon  it 
would  be  arithroeticallv  i^ter 
as  the  number  of  such  circuits 
acting  upon  it  from  an  equally 
favourable  position.  Consistent- 
ly, Schweiger,  by  multiplying  the 
circuits  or  circumvolutions,  pro- 
duced the  famous  instrument  in 
question,  appropriately  called  a 
lier  as  respects  its  origination,  but  not  as  to  a  designation  of  the  use 
ch  it  is  applicable. 

.  In  multiplying  the  circumvolutions,  it  is  not  necessary  to  multiply 
teries  by  which  they  are  supplied,  since,  when  formed  of  a  continuous 
he  first  and  the  last  may,  from  the  same  battery,  be  supplied,  if  noC 
f  at  the  same  time,  with  an  interval  almost  infinitely  small*  Sup- 
each  circumvolution  to  measure  a  foot  in  circumference,  twenty- 
ndred  would  be  only  half  a  mile,  and  this  distance  would  be  gone 
h  in  less  than  the  five  hundred  thousandth  part  of  a  second,  agroe- 
>  the  inferences  of  Whcatstone,  supposing  them  applicable  to  currents 
'  intensity,  as  well  as  those  of  the  statical  kind.*  For  a  galvanomc- 
nstrument  of  the  highest  sensibility,  see  Melloni's  thermo-multiplier, 
the  head  of  Thermo-tlectricity. 


WHomeUr  or  MuUifiier  of  on  umuouoUy  largo  Jtsf ,  mmio  of  Sitij^  of  Tin  wontnd 
in  a  CoU  with  inUrposed  Stripo  ofvonf  thin  Poft. 

•ngrmTinff  representf  a  lar^  maltiplier,  or  ymlTanometer,  the  needles  of 
&re  etch  about  eighteen  inchei  in  length.    The  instnunent  ie  fbniiahed  aboTs 

circle  g^radaatec  into  360  de^reei.  Arreeablj  to  the  aeual  conetmction,  the 
beinff  within  tlie  coil,  is  labjected  botn  above  and  below  to  the  concnrrinf 
ee  of  a  current  paM«)d  through  the  coiL  Under  theie  circumstances,  the 
leedle  is  situated  io  the  apparatus  represented  bj  the  sdioining  figure.  In 
lation  which  the  upper  needle  occupies,  the  influence  of  the  lower  portion  of 
ly  so  far  as  it  operates,  must  counteract  that  of  the  upper  one.  Yet  when  the 
MMtion  of  the  metallic  coil  is  at  a  distance  fhxn  the  upper  portion  of  about 
rd  of  the  length  of  the  needle,  and  this  is  situated  very  near  to  the  upper  por- 

hers  represented,  the  influence  of  the  latter  may  so  far  predominate  as  to 

the  indications  Terj  nice ;  while  thej  are  much  more  easily  seen  and  esti- 
bj  means  of  the  graduated  circle,  when,  as  in  the  situation  of  the  upper 
,  nothing  intenrenes  between  it  and  the  eje. 

aoCher  instrument  of  the  same  dimensions,  I  hsTO  used  only  a  semictrele  lor 
doatioos,  which,  exceptiuf^  the  appearance,  answers  as  well. 
so  of  wire,  a  coil  of  tin  foil  of  about  an  inch  in  breadth,  and  eighty  feet  in 
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Anip*«*«  ReeoMng  Btttterf. 

75B.    The  most  aimple  process  for  creating  a  rolary  tooSm 
of  the  reaction  between  an  electrical  current  and  a  fnagDeUbfi 


It  ISO  feet  in  length,  coaled  with  shell  l»c  Tamufa,  i    ' 

I  ha  coil  of  Un-foil  or  varnished  copper  wire,  ii  voddiI  aboot  Um  poalM^H 
C,  C,  C.  Tlie  soda  of  the  coU  are  Bevenll;  soldered,  or  ni«w«4,  «»4m  mk 
the  ealtowa  acniwa,  8,  8.  "^ 

When  both  needlea  are  placed  upon  the  pirot  aX  tha  mw» 

of  Ihoir  timilar  polea,  they  wiU  diver^  from  tbe  meTidiiMi  V  , 

veracd  ailDatioQ,  in  irhich  cbsb  Ihej  will  both  appear  aa  in  tha  enfTunf.AB 


schiree  is  made  through  li 
■jr  striding. 
The  clean  surraces  of  disks  of  line  and  copper,  eaci 


nnecling  the  disks  vith  uic  ; 
lue  wirei.     iiii-y  aro  attached  to  the  inatrumenl  by  ^llows  •crens.  8.  S 

The  loiel  of  the  machine  is  preserved  by  the  aid  of  four  acrvwa,  of  wind 
three  can  be  seen  in  the  drawing  at  T,  T,  T. 


Rotary  Movtmtais   arising  frm 


MagiuU    miU    0*. 


ENGRAVING  AND  DESCRIPTION  OF  A  ROTARY  MULTIPL'.E: 

Or  one  in  ichie\  one  or  mnin  Xeidtei  are  made   to  rnolre  hy  a  Coiiwwc  C 
The  preceding  engravine  represenlsa  rotary  galvanomeler.  or  multiplier,  e 


1    Nov 


scful  ii 


•   of   s 


amusing,  il  not  to 

passing  a  temporal 

made  to  perform  i  -    -        j. 

movement  ii  checked  as  soon  as  the  situntion  of  tlio  poles  is  reveraed.     T>'  p 

poles  are  in  a  favonrable  position  relatively  (u  tlie  eicited  coil.      Ttu*  vtiK 

enter  two  globules  of  mercury,  communicating,  on  one  side,  iviili  agalvaaief 
''        "  ''      '.oil  of  the  multiplier.     In  the   neit  place,  by  wisdiaf « 


first  coil,  another  of  si 


onglh,  I 


a  dire 


«  oppoula  of  tl 


^ 
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tha  galvanic  triad,  by  wbioh  the  cnrrent  u  geoented,  ia  made  to  revolTC 
«bout  the  pole  of  a  magaet,  which  •erres  u  a  aupport.    This  is  exemplified 

'   ^y  what  has  been  called  Ampere's  rotatiog  battery,  of  which  figure  65,  oa 

'  Ins  IbllowiDg  page,  wiH  afford  a  aatisfactory  idea. 


Um  Bnrt  coil  wu  wound,  I  wu  anmbleil,  bj  two  oUur  glotiitlM,  ataatwl  m  ••  la  eoB- 
■lanieaM  •sTarally  with  the  lowar  cndi  of  tha  piiu,  U.  thaoppont*  tid*  froaatbatoa 
which  Uw  firal  menlioDfld  global*!  were,  to  oiua  an  ioapuUs  mX  *i*rj  Mmi-t*- 


Tha  ODB  coil  bainc  wound  to  Iha  right,  the  other  to  tha  laft,  tha  iltantata  aflaet  «f 
«h  DDon  the  needla   wu  limilar  id  oppodts  parts  of  tha  orbiti  daKribad  br  lh« 


DDon  tl 
pini.     Lullj,  iiecond 
-A  tifhl  inglai  la  the  6r 


enriRl  glalju 


oppoaits  parta  of  tha  OTbiti  daMsribad  bj  iIm 
eedte,  furniahsd  with  pini  in  Itko  miDnar,  beiiw  fulaned 
a  with  it  a  crnaa,  li  repraaantad  m  tha  ao- 
i*e  two  impulaaa  daring  avaTj  niToluliaa. 
riea,  u  mule  fav  Newman,  ia  ^uita  adeqoata 
FDlution  aa  rapid  u  couiiitenl  with  a  dn«  degree  of  atabili^  in  the  mar. 
II  employed. 
una  ana  o['  each  coil,  by  meani  of  the  brtDching  wira  A,  oomnvrilealM  with  oaa 
pole  of  tha  galvanic  pair  ;  Iha  other  ende  of  the  coil*  termiData  ia  manntial  globolaa 
eoatsined  in  caritiei  on  oppoaita  lidea  of  Iha  woodsD  diao  G,  upoa  the  eanln  oT 
which  the  ipindle  of  the  magnetio  needle  real*.  The  branche*  oftha  wira  E  pt»- 
eMdingfrom  the  other  gaWinic  pole,  terminate  in  globslea  liiaitad  ia  Uw  Tieioi^ 
of  thoaa  above  menlioned,  ao  thai  aa  the  naadlei  revolve,  tha  pini  proceeding  thara> 
froin  perpendicularly  idbt  tooch  a  pair  ot  the  globalee  AM  on  one  aide  M>d  thaD  on 
tha  other.  Whenever  ihii  contact  takea  place,  the  circuit  ii  complatad,  and  a  dil- 
oharga  ia  efiecled  throo^h  one  or  the  other  of  the  coili  of  the  multipliar. 

Suppoelng  E  and  F  to  be  north  polei,  a  diachargs  Ihroagh  one  of  Iha  coila  will 
eanaa  E  to  mnva  off  a  quarter  of  a  circle,  or  more.  Ai  thia  enaaaa,  the  nina  of  F 
will  come  in  contact  with  tha  globulei  which  those  of  E  toncbad  before.  Of  conraa 
F  will  he  propelled  ao  oa  to  cauae  the  pin*  of  t^  to  reach  tha  pair  of  globnlaa  at  O, 
which,  completing  the  circuit  of  a  coil  wound  in  a  way  tha  oppoaita  of  that  firat 
mantionad,  concum  with  th*t  coil  in  ita  influence,  *o  la  to  promote  the  rotation  pra- 
Tioualy  induced.  The  aaine  reault  aniue*  when  the  pin*  proceeding  from  F,  coma 
in  contact  with  the  globulea  allualed  al  G,  and  when  E  ratoma  to  ita  original  alart- 

iag  point.     It  follow*  thai  by  a  repetition  of  the  procea*  the  galvanic  "'■ —  ' 

Uroed.     The  phenomenon  i*  a*  well  iUu.tra—  ■-  —'--'--  ■•■     -- 

N,  aa  by  two,  but  the  moat  pleaeing  and  energetic  i 

aeadlea.     In  thia  aimple  form  the  apmdla  on  which  the  oeedl*  raals  and  revolT**  ia 

tapraaenled  at  B ;  the  pioa  at  P,  r.    Each  coil,  conaiiting  of  coppar  ball  wiia,  ia 

•boatthiityfeet  in  length,  and  i*  contained  in  thagrooreC.    Tha  frame  of  tha  mal- 

tlpUar  ia  eonatmetad  of  mahogany,  and  i*  lavelled  by  tha  milled  haadad  acrewl,  a 

tha  aadi  of  which  it  i*  enppoitad. 
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T67.  Two  concentric  cylindera  of  >bai  a(fB 
one  about  three-eighths  of  an  iiich  laijvr  liH  Ik 
other,  are  uoitod  by  a  flat  ring  of  tltc  nae  bmi^ 
so  that  ihc  latter  Cotjbb  a  bouom,  while  tiena* 
Iween  them  an  interstice  of  ihreie'eiBbtlu  alutO. 
The  inner  cyliniier  is  opea  and  ^muUada 
jirch  of  copper,  at  the  summit  of  whu:li  i^  ii 
pivot  pointing  downwards.  7'hia  pfvoi  r^^tfi  ipka 
ngale  cup  seated  upon  one  of  thr  prilm  of  ■  ad 
magnet.  By  means  of  another  arch  of  ogffvi 
cylinder  of  zinc  is  supported  within  the  ioK^n 
resting  by  meana  of  an  appropriate  piTttcaii* 
concavity  in  the  lower  arch  above  dc9CT>bcrf,aia^ 
porting  the  copper  cylinders.  Up^io  ibe  t^f^ 
of  the  magnet  another  similar  apparaiia  afc^rWa 
is  supported.  When  the  apparatus  is  to  bcpiK: 
operation,  the  interstices  between  ibe  cofifv  cj» 
ders  must  be  supplied  with  a  dilated  iniitaR  d 
nitric  and  sulphuric  acid.  A  galvanic  corraBt  Htaf 
I  place  in  each  little  battery  through  Uh  mffomf 
arches  from  the  copper  tu  the  zinc(3S0),  tincjfe 
•ders  revolve,  the  zinc  and  copper  in  opposite  directioos,  ■•  rapaAAl 
movement  of  the  two  batteries,  the  similar  cylinders  move  opfxMldj.li 
dissimilar  cylinders  move  alike. 

^  ^  758.    A  magnet,  n  «,  being  attached,  a>  in  6gDRll> 

'     '  by  a  silk  thread,  to  the  centre  in  tlie  bottom  of  a  Of  if 

.  1+        mercury,  so  as  to  Hoal  in  that  metallic  li<]uid,  a  *■*>■ 

II  4,  is  fixed  over  it  vertically,  so  as  just  to  enter  Ikt  a» 

^'1  cury  for  a  small  depth.     The  metallic  aupport  i^Ai 

■^'-    V^BV    wire  is  cooneded  with  ooe  pole  of  a  gajvaoie  Wwjb 

^^^B       the  mercury  with  another.     In  this  case,  tbe  npferiaJ 

^^^K      of  the  magnet,  while  swimming  in  the  merciir?',  ren^'^ 

J^H^    about  the  wire  from  right  to  led,  or  from  lei^  !>•  r.$tt- 

^^^^H    accordingly  as  the  poles  of  tbe  magnet,  or  ibc  taoOK- 

^^^^B    tions  with  the  galvanic  apparatus,  may  be  vamL    V- 

_^^_    ^^B^     on  the  other  hand,  the  magnet  be  made  imf-vitsab*. 

d'^^^^^^^^^     while  llic  vertical  wire  is  upc'n    a  univt-r^sl  y-im.  > 

wire  w[(i    revolve   about    tlie    magnet,    and    i*  ..■:- 

«i-  S7.  to    change     its    direction,    in    the    same    wav,   as   ■:- 

moveable  magnet  was  actuated,    with    respect  lo  :a 

759.  The  letters  n  and  *,  and  direction  of  ihe  ir- 

rows,  in  either  ofrhc  adjoining  figures,  represeniioi:  -.^ 

apparatus  alluded  to,  show  the  relative  situation  oi" ;."» 

poles  of  the  magneLs,  and  direction  of  the  currco:  re- 

qiiisile  to  produce  a  revolution  from   right  lo  Icrt.    b 

either  apparatus  a  reversal  of  the  relative  position  ^f 

the  poles,  or  of  the  direction  of  thf  currents,  will  r^enr 

the  rotary  motion.     Of  course  n  designates  the  nonh. 

and  >  the  south  pole. 

760.  When  one  end  of  a  wire  is  fastened  to  the  axis  of  the  pole  w'  t 

magnet,  leaving  the  other  end  free,  it  will  revolve  about  the  point  of  atiacb- 

ment  as  a  centre  of  motion,  and  in  like  manner,  if  the  magnet  is  faswwd 
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Fif .  5a. 


NU  one  end  to  a  point  in  the  axis  of  the  wire,  the  free  end  will  revol?e  about 
zihe  wire,  because  in  either  of  the  cases,  whether  it  be  that  of  the  wire  or 
nuignet,  an  escape  from  one  point  of  collision  existing  in  the  circle,  through- 
out which  the  conflicting  influence  prevails,  only  carries  it  to  another  such 
;poiDt*  Thus  the  point  of  attachment,  about  which  the  motion  takes  place, 
becomes  a  centre,  about  which  either  the  magnet  or  the  wire  revoWes, 
irhile  making  Ixion  like  efllbrts  to  fly  from  inevitable  collision.* 

761 .  Let  the  end  of  the  wire  W  hang- 
ing from  a  metallic  bracket,  which 
communicates  with  one  of  the  set 
screws  on  the  right  of  the  platform, 
enter  some  mercury,  occupying  a  ca- 
vity in  the  latter,  which  has  a  metallic 
communication  with  the  other  set 
screws*  Under  these  circumstances/ 
as  soon  as  the  set  screws  are  con- 
nected with  a  galvanie  battery  in 
operation,  the  end  of  the  wire  flies  out 
of  the  mercury,  but  the  circuit  being 
thus  broken,  the  end  of  the  wire  sooii 
falls  again  into  contact  with  the  mer- 
cury, and  from  the  same  cause  as  at 


^  I  here  quote  from  Daniel]*!  Manual  t  very  intereeliof  illoetimtioa  of  the 
tion  of  a  galvanic  current  with  a  bar  magnet. 

**  Mmgniu  rerotr  ng  round  its  own  ^zi#.— The  inetniment  renrtMntMl  in  figara  60 
is  deaigned  to  ihcw  that  the  action  between  the  current  and  tJie  magnet  takes  place 

p.    ^  equally  well  when  the  magnet  itaelf  nirms 

**     *  the    conductor   of  the   eleetrieitj.    Ths 

lower  end,  N,  of  the  magnet,  being  poiai. 
ed,  ia  aupported  on  an  agate  at  the  DottoB 
of  a  braaa  cup  connected  under  the  baee 
board  with  the  binding  icrew  cup,  1*.  The 
upper  encL  S,  ia  hollowed  out  to  reoeivs 
the  end  of  the  wire  Bx9d  to  the  onp,  A ; 
the  brass  arm  supportinff  this  cup  is  insu- 
lated from  the  brass  pillar  at  I,  I,  bv  somo 
non-conductor  of  electricity.  To  the  mid- 
dle of  the  magnet  is  fixed  a  small  ivory 
cistern,  C,  for  containing  mereniy,  into 
which  dips  the  end  of  the  wire,  D.  Hme 
the  magnet  is  supported  with  its  north  pole 
downwards,  and  is  free  to  rotate  ronna  its 
vertical  axis.  A  little  mercury  should  be 
put  into  the  cavitv  at  S,  and  into  the  brass 
cup  at  N,  and  toe  ivory  cistern  be  filled 
sufficiently  to  establish  a  connexion  be- 
tween the  magnet  and  the  wire,  D. 

«On  connecting  the  cups,  A  and  B, 
with  the  battery,  the  current  will  flow 
throncrh  the  upper  half  of  the  magnet,  causing  it  to  rotate  rapidly.  If  the  cups,  B 
and  P,  form  the  connexion,  the  current  will  traverse  the  lower  half,  equally  pro- 
ducin^f  revolution  of  the  mn^et  Now  connect  A  and  P  with  the  battery,  and  no 
motion  will  retult,  because  the  electricity  passes  through  the  whole  length  of  the 
magnet  in  such  a  manner,  that  the  tendency  of  one  pole  to  rotate  is  counteracted  by 
that  of  the  other  to  move  in  the  opposite  direction.  Connect  B  with  one  pole  of  thie 
battery,  and  A  and  P  both  with  the  other  pole.  The  magnet  will  now  revolve,  sines 
the  current  will  ascend  in  one-half  of  its  length,  and  descend  in  the  other." 


ditia  oftkp- 


first,  again  flics  out.     Thus  an  alternate  oiottoa  ht  prodnoed  ni  m 
as  long  as  the  current  is  continued. 

,  Bnrloic't  Rceolrinff    TVheeL 

762.  The  kpfatn  i^ 
seoled  bf  figure  00,  ■  M 
Barlow's  reToJting  rfib,ta  j 
(ho  name  ot  ibe  isicM,k 
nrhecl  being  muaied  tow 
the  jaws,  cither  of  >«ili^ 
net  or  an  elcrtnrt  ' 

made  the  meditia 

contnct  with  theBMBBjii* 
cavity  under  it, 
the  same  way  aa  ihewii^ 
the  experiment  tbon 
(762).     Boi  wbenap 

the    same   law,  oae  tooA  fa 

'■^  from  collision  with  iSe 
isni,  anoiher  takes  its  place,  and  of  course  encounters  the  MR  ir 
Every  tooth  bting  sucsessively  ofTecled  In  like  manner,  ibe  whrri 
as  long  as  the  current  endures.  It  is  not  DBct^ssary  lo  the  tnotuo  i«fc 
circumference  be  serrated,  but  it  serves  to  make  a  pi^xy  ip^  ** 
contact.  The  endurance  or  light  thus  arising,  is  loo  brief  for  the  ah 
mnke  a  perceptible  movement  while  it  lasts.  Hence,  when  tiie  otfn 
is  illuminalcd  only  by  its  own  Ecinlillalions,  it  ajipciirs  lo  be  al  res:,  ht^rtj 
rapidly  it  may  revolve.  Ii  is  computed  that  eight  sparks  in  a  leccadpi  j 
the  effect  of  a  continuous  illumination,  and  as  the  wbeej  giwi  — i  i>j 
these,  it  appears  as  if  seen  by  a  continuous  UghU  \ 

Explanation  of  the  Moi'iuna  produced  by  means  of  the   Appanfi'i' 
scribed  in  ike  three  preceding  paget. 

763.  It  has  been  shown,  that  the  reciprocal  rcnction  between  s  bbjW 
needle  free  to  move,  and  a  wire  Iransmiiiinf;  a  galvanic  curren;,  u  »* 
that  the  former  will  slrive  lo  assume  a  position  at  right  angles  To»  baF 
rallei  to  the  axis  of  the  wire.  Of  course,  as  action  and  rcaciioo  i™»^ 
raJcnl,  the  wire,  if  free  lo  move,  while  subjccied  lo  the  infiu'-nr-  <•'  i  • 
tionary  needle,  or  other  magnet,  will  arrange  iiself  so  as  lo  prod-f  ■* 
same  rulnlive  position  between  the  two  bodies  as  when  the  wire  i*  «■>■■ 
ary,  and  the  noodle  free.  But  if  freedom  of  motion  exist  onlv  ai  mf  '' 
tremity,  whether  of  the  needle  or  the  wire,  the  motion  can  oniv  '.ii-'  :J^ 
at  that  extremity.  Yei  if  the  movement  hence  arising  be  not  sui-h  i*'  > 
tcrrupt  the  g.ilvnnic  current,  or  be  such  as  lo  pormil  its  n'nem!  is  >■■ '  -' 
discontinued,  the  consequent  movement  must  be  eontiniW  or  r^r^o'"'  -• 
may  be  productive  of  rotary  motion,  as  in  the  case  of  figures  54.  .u--^- 
57,  59,  or  of  alternate  motion,  as  in  the  instance  of  5s. 
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StMhbtg  BeetttHgi^ar  Coit. 
i>'  «•  764.  As  iD  tbe  gKlvanometor  of 

Schwoger,  tbe  force  of  tbe  conflict 
between  tbe  dynamic  pdarity  of 
tbe  current,  and  the  statJooary  po- 
larity  of  tbe  needle,  is  multiplied  by 
reiteretiDg  tbe  presence  of  ihe  for- 
mer in  the  coiling  of  wire  through 
which  it  baa  to  passi  in  order  to 
perTorm  its  circuit,  so  tbe  instru- 
laent  of  which  figure  61  is  a  reprfr 
sentslion,  is  an  apparatus  in  wbicb 
a  current  transmitted  through  tbe 
rectangubu-  c«l,  between  tbe  jaws 
of  tbe  magnet,  is  made  to  react 
with  tbe  magnetic  influenoe  of  the 
taller,  and  strives  to  escape  there- 
from, in  order  to  assume  tbe  posi- 
tion in  which  there  will  be  Inst  in- 
terference. This  takes  place  when 
tbe  plane  of  the  coil  is  so  situated  as 
to  be  at  right  angles  to  a  line  pass- 
ine  through  tbe  centi«  of  enoh 
pole. 

66.  In  fact  the  coil  becomes  a  magnet,  (763,)  and  of  course  tends  to 
iDge  itself,  as  would  a  magnetic  needle  similarly  situated;  but,  by  means 
L  contrivance  called  the  pole  changer,  described  below,  in  making  a 
i-revolution  to  effect  this  arrangement,  the  direction  in  which  tbe  cur- 
:  goes  through  it  is  reversed,  and  consequently  a  difierent  impulse  is 
lived,  causing  another  semi-revolution.  No  sooner  is  this  made  than 
impulse  again  changes.  Thus  a  continuous  revolutjon  is  produced  as 
[  as  the  current  endures. 

Of  Page't  PoU  Changer. 

66.  In  some  cases,  in  order  to  produce  opposite  impulses,  it  b  neoeasary 
ause  a  galvanic  current  to  flow  alternately  in  opposite  directions,  in 
!rs,  as  it  will  hereaAer  be  seen,  it  is  an  object  to  reader  an  altematiiw 
rent  constant  in  ils  direction.  For  these  purposes  tbe  following  cootn- 
ce  was  devised  by  our  countryman,  Doctor  Page,  and  executed  by  Daniel 
'is,  jr.,  the  highly  ingenious  artist,  to  whom  we  owe  tbe  successnil  fabri- 
on  ofa  variety  of  electric,  galvanic,  and  electro- magnetic  apparatus. 

67.  The  apparatus  in  question  being  employed  (o  reverse  the  polarity 
ibe  eleclro-magoet  in  the  apperalus  last  described  (767),  tbe  following 

explanation  is  given  in  reference  to  the  useof  it  therein 

"s"-  made.     Tbe  pole  changer,  figure  62,  consists  of  two 

^  _      — g^  small  segments  of  silver  S,  S,  fixed  on  opposite  sides 

■^Ks  of  an  axis  of  which  a  section  is  represented  in  tbe 

i——^^"^  figure.    These  pieces  an  not  in  contect,  and  are 

sufficiently  insulated  frcrni  each  other,  and  from  the 

••    Of  tbe  two  ends  of  the  coil,  situated  between  the  legs  of  the  magnet 

represented,  one  is  soldered  to  each  smnenU    By  means  ofa  wooden 

h,  of  which  the  polar  ends  8,  N,  ofa  U  magnet  are  tbe  abutments,  two 
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wire  Bpfings,  6, 6,  are  so  supported  (■»*l  insulaled,  thai  Ihraturh  the  oan* 
tioD  dlher  of  iwo  cups  of  mercury,  or  two  set  screws,  at  §,B,llrrH( 
be  made  to  communicate  a[  pleasure  with  a  galvanic  immty.  n>  it 
eodd  of  these  wires  are  made  to  press  againsi  the  •c^meoto  of  lim^ 
suf&cient  Torcc  to  make  a  good  contact.  The  arrangcmmt  is  wdt.lt** 
respective  contacts  of  the  semi -cylinders  with  the  springs  arjlllikifta 
when  ihe  coil  C  U,  as  represented  in  ihe  figure,  at  right  uiglai  Klfii 
passing  through  the  axes  of  both  logs  of  the  magnet. 

768.  The  apparatus  being  thus  prepared,  let  the  roinarjtapt^* 
course  the  wire  springs,  be  in  communication  with  a  co«iipHeai  bBiim.Q* 
sequently  the  current  will  from  one  semi-cy  tin  tier,  enter  one  cM  ii'k 
coil,  proceed  through  the  circumvolutions  of  the  latteri  and  p  au<  k' > 
other  end  of  the  coil  to  the  other  semi-cy liader ;  but  if  tbe  coil  fe  tat 
half  round,  the  segments,  and  the  ends  of  ibe  coil  allacbed  In  ikn  nf» 
tively,  will  have  their  electrical  stales  simulianeously  reserved,  cn^i 
tbe  sides  of  the  coil  a  corresponding  change  of  «leclro-nwigixoe  f^a* 
Thus  when  the  coil  is  turned  from  the  position  into  which  the  fateiM 
would  bring  it,  in  seeking  to  regain  that  attitude,  it  twenta  tb^  Da 
causes  it  to  make  another  half  revolution,  which  equally  operamtt  una 
tbe  propensity  to  change,  and  thus  rotary  tnotiaD  is  induced  as  knf  all 
current  is  sustained. 

Aitraclion  and  Rejndsion  between   Eiedricai  CtaTtnh  ai 
ihe  Movements  thence  arising, 

7G9.  Not  long  after  Oersted's  discoverr,  it  wa>  >it*  j 
tained  by  Mr.  Am|>6re,  a  French  philosopher  of  cefebrt]fc| 
to  whose  iaventions  and  theoretic  suggestionaf  dbctari 
magaetism  is  pre-eminently  indebted,  that  wires,  coafllfr  ■ 
ing  the  circuit  of  different  galvanic  batteries,  would  aunfl 
and  repel  each  other;  but  not  in  a  tnode  analo-jous  tofl«- 
trical  reaction,  since  it  was  between  the  bodies,  simiilA 
excited,  that  the  attraction  was  observed,  while  tlie  repo^ 
sion  took  place  between  bodies  dissimilarly  excited.  Dee- 
trical  indications  are  obtained  only,  when  the  poles  of  tki 
generating  apparatus  are  unconnected,  those  affimMllf 
the  galvanized  wires,  were  the  consequence  of  their  c* 
necting  the  poles  of  the  galvanic  apparatus. 

770.  Figure  83,  rcprcsenia  an  apparatus,  contrived  for  iho  pOffMitf 
shewing  the  reaction  lietween  wires  subjc-cted  to  galviiDic  currmis. 

771.  Two  copper  wires,  A,  B,  are  supported  pamllcl  lu  eacti  obtr.  ik 
such  manner  as  that  their  upper  parts  may  move  freely  luward*  udiaH 
BO  as  to  touch,  or  in  the  opposite  direciiou  so  ais  to  become  moie  na^ 
These  wires  are  supported  on  points,  which  rest  on  the  bcilMtBaTKn' 
ties  replete  with  mercury,  being  amalgamated  so  as  to  insure  a  prrittl  «• 
tact  with  that  metal.  By  means  of  the  little  metallic  b«lls,  b,  b,  wludt  aif 
be  lowered  or  raised  by  screwing,  the  centre  of  gravity  of  tbe  virsHf 
bu  so  adjusted  as  to  keep  ihem  peqiendicular,  when  uaditfurbed,  wi  J* 


raider  il  eaay  fer  them  to  oscillate  Trom 
ft  very  slight  impulae.  The  ibur  cavi- 
ties holding  mercury  within  which  the 
points  rest,  as  sbore  stated,  have  each 
a  metallic  communication  with  the  set 
ecrews  C,  D,  E,  F,  when  E,  P,  are 
made  to  receive  wires  from  the  same 
pole  of  a  batler>',  while  the  other  two, 
C,  D,  Gommuuicatiag  with  the  other 
pole,  tlie  current  will  go  ihe  same  way 
through  both  of  the  wires.  Under 
these  circumstances  they  will  ftltract 
E  each  other,  and  come  t(^Mber;  but  if 
I  E  and  C,  be  made  to  communicate 
F  with  the  one  pole,  while  D  and  P,  com- 
municate with  the  other,  the  onrrent 
will  flow  oppositely  in  the  wife*,  aod 
they  will  move  apart,  as  if  oetuated  by 
repulsion.  If  the  wires  be  made  to 
oscillate  by  a  timely  opening  bimI 
of  closing  the  circuit,  the  motion  will 
be  increased. 


«  oftkerafid 
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Hon  of  one  Cmt  of  Wire  witkin  another,  in  eoiuemience  of  then 
eation  and  reveraal  of  the  Poiaritif  arising  Jrom  ike  ektuge  ofdi 
n  in  a  Gaivanic  Current  eatued  by  Page'*  Pole  Changer. 

772.  The  adjoining  fi^re  64,  is  dedsned  10  Qln*- 
trale  by  means  both  striking  and  agneahle,  the  pow* 
erful  and  rapid  attraction,  and  repulsion,  between 
wires  caused  by  electrical  discharges  made  through 
them  alternately  in  opposite  directions. 

77S.  This  apparatus  has  a  close  analogy  with  that 
already  described  figure  61,  as  to  the  means  by  which 
the  polarity  of  the  coil  is  imparted,  and  the  directioa 
reversed  at  every  semi-revolulion,  by  means  of  n  gal- 
vanic current,  and  the  pole  changer  (767).  We  iMve 
only  to  substitute  for  the  U  magnet  and  rectangular 
cchI,  two  circular  coils  of  the  ssme  material  as  the 
rectangular  cot  i.  Of  the  two  coils,  one  is  large  eoough 
to  contain  the  other  without  touching,  and  being  sto- 
*  tionary,  takes  the  place  of  the  U  magnet.  The  other, 
)ting  shape,  does  not  differ  from  the  rectangular  coil;  while  it  is  per- 
'  similar,  as  respects  the  means  by  which  it  in  supported  oa  an  axis 
associated  with  the  semi-cylinders  of  the  pole  changer,  and  the  ofiice 
h  it  performs.  In  one  case  by  polarities  arising  from  a  current,  the 
Dgular  coil  is  made  to  rotate  by  conflicting  with  tne  polea  of  a  U  mag. 
in  Ihe  other  case  the  polarities  arising  in  a  circular  ooil  from  the  same 
:,  conflict  with  those  arising  from  a  current  in  another  coil.  In  either 
seeking  a  non-conflicting  attitude,  it  is  disappointed  by  the  oonsequencce 
I  own  e&rts,  and  the  perverting  influence  of  the  pole-ehanging  appa- 
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Of  Electro-dynamic  Induction. 
In.  XJnder  iKia  head  we  may  put  Induction  of  a  Cwrtml  lytm  it 
StI.  GeMradoit  of  CurniUa  by  the    Dynamic  Induetivc  h^ta 
vtktr  CvrrenU. 

Jnduottcnt  of  a  Current  upon  ittelf. 

774.  Figure  05  r^naeaini 
^'  of  copper,  in  wnjriM  MtVxm  p 

in  width  one  and  u  half  ad 
length  Dinrly-three  iaat'  timx 
is  wound  inlo  ■  flat  etA,it  % 
inches  in  diamdrr,  but,  bring  iM 
by  a  double  coaling  of  soic,  ih> 
be  no  metallic  cootad  buvM 
of  its  eircumvoluiioos.  Whi 
end  of  the  coif  tbua  fenBed,  % 
presented,  connecled  willioaa| 
sa  active  battery  «,  lo  tba  aita 
of  which  a  rasp  d,  m  aoUat 
'  scraping  the  rasp  with  tba  fr* 
the  coit,  sparks  and  nMblfic  Ifl 
"'  tions  ensue  with  much  iDoc*4S< 

scintillation  and  louder «M>|ipiaf 
than  if  the  same  scraping  were  to  be  perTnrmcd  with  the  Mnniaatia 
conductor  having  a  length  no  more  than  requisite  to  complsCi  Ihe  % 
Moreover,  Henry,  I  believe,  first  observed,  that  an  openiortowU 
rasp  with  one  hand  while  holding  the  end  of  the  ooil  during  Ibe  ki 
would  be  subjected  to  a  perct'ptible  shock  at  each  of  the  uHantfdcM 
circuit,  to  which  the  sparks  were  indebted  for  their  existenoa. 

775.  Under  the  circumstances  of  the  experiment,  deacrftel  ■  ft 
ceding  parngrnph,  wlienevr.T  iIjo  rJLilvin  l"urhi>?i  ih.?  rasp,  thi^  ia» 
two  circuits  at  command,  one  completed  altogether  by  the  coiled  nbfct 
other  in  pari  by  the  person  of  the  operator.  Yet  ou  account  ofihf  1 
tensity  of  the  currenl,  the  imperfectly  conducting  circuit  fonned  bytl 
mal  frame,  will  not  be  the  mean  of  a  perceptible  di^chai^  ao  Inog 
other  route  afforded  by  the  perfecrly  conducting  copper  ribboa  is  o: 
rupted:  but  when  the  ribbon  circuit  is  ruptured,  a  perceptible  dia 
takes  place  through  that  made  tip  of  the  operator's  pcrsoa,  the  ceil 
he  holds,  and  the  rasp  which  be  touches. 

776.  By  the  premises,  the  direct  oction  of  the  battery  is  wholly  i 
petent  to  produce  any  perceptible  discharge  through  the  operator,  i 
quenlly  the  shock,  produced  as  described,  and  all  the  other  clwraca 
in  which  the  phenomena  arising  from  the  breach  of  the  circuir  ■b 
coil  is  interposed,  differ  from  those  which  appear  when  a  short  n»<«il 
duclor  is  similarly  employed,  must  be  ascribed  to  the  inlcrveotioti 
coil.  It  would  seem,  therefore,  that  the  materials  of  the  coil,  both  po 
ble  and  imponderable,  become  coerced  by  the  batierv  into  an  uw 
state;  so  that,  on  the  rupture  of  ihe  circuit  ro  which  this  state  is  di 
matter  recoils  towards  iis  natural  equilibrium,  producing  an  elecu 
charge  of  an  inleosiiy  fnr  above  that  of  the  parent  stream  sent  tbrou 
coil  from  the  battery.  On  this  account,  it  would  seem  as  if  the  re 
discharge  might  be  appropriately  designated  as  a  recoil  currenL  Tl 
conduuori  which  is  the  channel  of  a  galvanic  current,  is  in  an  u 
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gatate  of  polarization,  almoat  the  whole  of  the  phenomena  of  electro*magnel* 
unn  aeema  to  justify.  This  state,  noticed  by  Faraday,  was  designate  by 
:  him  as  an  electrutonic  The  tension  arising  from  this  state,  or  tl^  energy 
— of  the  efibrt  to  have  it  made  by  the  matter  in  which  it  has  been  produced, 
appears  to  be  greater  when  the  conductor,  being  in  the  ribbon  form,  is 
^  wound  up  as  a  coil.  Doubtless  the  proximity  of  the  circumvolutions  to 
-•  oach  other,  must  cause  a  reaction  between  the  similar  polarities,  tending  to 
^- augment  their  resistance  to  the  state  imposed  on  them  by  the  battery. 

-  777.  Analogous  to  the  accumulation  of  power,  above  described  as  created 
•«  within  the  ribbon  coil,  is  that  which  arises  in  a  voltaic  scries  of  sufficient 
.  -  intensity  when  the  circuit  is  incomplete.  Hence,  agreeably  to  Henry's  ob« 
:    aenrations,  the  dirtet  action  of  a  series  of  high  intensity,  forming  a  circuit 

-  through  a  short  conductor  by  sudden  contact,  resembles,  as  to  intensity,  the 
^  indirect  action  of  a  battery  of  low  intensity,  on  breaking  the  circuit  formed 
-_  through  a  long  conductor.     In  the  one  case,  the  intensity  being  due  to  the 

leailiency  of  the  electrifiable  particles  of  the  conductor,  is  increased  with  its 
length  to  a  certain  point;  in  the  other  case,  the  intensity  being  due  to  the 
battery,  the  conductor  cannot  be  too  short :  excepting  that  when  the  efi^  is 
measured  by  the  current  inductively  created  in  another  conductor,  agree- 
ably to  the  process  next  to  be  explained,  this  eflect  must  be  influeno^  by 
the  length  of  the  conductor,  as  well  as  the  intensity  of  the  current  which  it 
oooveys. 

778.  It  has  been  suggested  (776),  that  the  electrical  discharge  accompa- 
nied by  a  shock  and  unusually  large  and  noisy  spark  which  characterizes 
the  process  under  consideration,  is  the  consequence  of  the  sudden  effort  of 
the  matter  of  the  coil,  both  ponderable  and  imponderable,  to  recover  its 
natural  equilibrium  from  a  state  of  forced  polarization  within  the  coil. 
There  is  a  rough  analogy  between  this  resiliency  of  the  supposed  imponde- 
rable icur  rent,  and  that  which  would  ensue,  if,  instead  of  a  copper  coil  dy- 
namically electrified,  a  steel  watch  spring  were  wound  up,  to  a  certain  de- 

of  tension,  and  then  suddenly  liberated  so  as  to  be  allowed  to  react. 

779.  But  in  the  act  of  recoiling,  if,  by  the  discontinuance  of  the  broad 
channel  in  which  it  may  be  generated,  the  current  be  diverted  into  a  col- 
faiteral  channel,  in  which  it  must  experience  far  more  resistance,  the  animal 
frame  of  the  operator,  in  the  case  in  point,  the  concussion  roust  be  propor- 
tioDable  to  the  impediments,  just  as  if  a  torrent  by  being  suddenly  dammed 
np«  were  forced  into  a  circuitous  channel,  containing  rocky  obstructions. 

780.  In  the  instance  of  a  principle,  which  moves  with  the  inconceivable 
Telocity  which  characterizes  electrical  discharges,  the  larger  the  mass  which 
recoils,  the  greater  the  efiect ;  but  as  to  wind  up  a  spring  instantaoeously, 
requires  an  activity  in  proportion  to  its  length,  the  longer  the  wire  in  which 
the  tension  is  to  be  induced,  the  greater  the  voltaic  intensity  required.  Thus 
Henry  found,  that  when  a  voltaic  series,  consisting  of  six  pieces  of  bell 
wire,  each  one  inch  and  an  half  in  length,  and  an  equal  number  of  pieces 
of  zinc,  of  like  dimensions,  were  employed  to  excite  a  due  electrical  ten- 
sion in  a  spool  of  wire  five  miles  long,  and  one-sixteenth  of  an  inch  thick, 
the  shock  resulting  from  resiliency  on  the  rupture  of  the  circuit,  was  suffi- 
cient to  afiect  twenty-six  persons  joining  hands.* 

*  I  quote  here  from  Davii*  Manual  of  Maffnetiam,  an  engimvins  and  deacription  of 
aa  inatrument  deaiffnated  aa  the  Contact  Breaker.  Sappoaing  to  employ  tnia  roe- 
ehaniam  in  the  prodaction  of  the  phenomena,  ariainff  from  a  rapid  rupture  and  re- 
newal of  a  galvanic  circuit,  thia  explanation  may  be  oeairtdile  to  aome  of  thoee  who 
OMy  witneaa  the  proceaaea  in  which  it  may  be  oaed. 
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Geiuration  of  Currenlt  hy  the  Dynamic    tnduclivt  It^antt  if 
CurretUs, 

781.  The  power  which  an  cloctrified  body  baa  to  prodoor  u  <^. 
charge  in  another,  has  been  explained  under  the  name  of  ^EbanedM 
eitement  by  Jnduclion"  (E,  107).  There  is  another  specn  of  aia 
influence,  to  which  allusion  was  made  as  dyaamic  iaductioti  (C  13f^ 

782.  The  attractive  and  repulsive  influence  of  wires  tiutjectad  u  fii^ 
currents  has  been  illualraled  (771-2).  To  Faraday  ?  ..  ^  — . 
tiiat  there  is  such  a  reaction  between  the  cause  of  electridiy  ioMj^ 
conductor,  with  the  same  principle  in  another,  that  under  monntfe  d 
cumstances  a  current  in  one  may  inductively  produce  a  IraoskaKirrtj  ' 
the  other.  Thus,  when  two  long  wires  were  associated  in  ooDcennice^ 
metallic  contact  between  the  circumvolutions  being  preTeoled  bj  ikv 
with  which  the  wires  had  been  covered  like  bonnet  wire,  oa  lalai^K 
breaking  a  galvanic  circuit  made  through  one  of  them,  a  traMxalca^ 
was  produced  through  the  other.  This  eifect  was  detected  by  aili>Eli|^ 
needle  to  the  dynamic  discharge  through  a  small  hollow  helix  of  «ia,a^ 
eluded  in  the  resiliating  circuit.  , 

763.  The  following  laws  have  resulted  from  Faraday's  fCMMntaH 
"!•  During  the  time  a  galvanic  current  is  increasing  in  quantity  ill (*- 
ductor,  it  induces,  or  tends  to  induce,  a  current  in  ao  adjoining  puiUBir 

It  consists  of  »  bent  ooppec  wire  W  W,  which   by  o 
motiuD  bj  s  epring,  it  made  lo  vibrate  rapidlj,  dippiag  ii 
(U«  cupi  G  G,  inlended  to  contua  mercury.     The  Bprio);  is  irouod  up  I7  M 
the  milled   head  A.     Th*  g      — 
open  b1  the  bottom  U 

come  in  contact  vhth  the  I , , 

which  thoy  arc  cementtd.  TUii  I** 
arc  both  connected  with  dim  nf  (M  M 
ing  screw  cups  C  C  ;  tha  otlw  *•»•¥ 
municate*  with  a  bna*  Mwewy  ^% 
into  which  dips  ■  ■hort  win  amm 
wJUi  the  vibrating  "ft'irc.  Siilt^*^:^ 
cury  mu=l  bo  put  mio  liie  cu?  i  '  im 
the  end  of  the  vertical  wirt  ciTfrri  ^ 
enough  into  the  eIih  cuu  lo  ilk*^ 
end  of  W  W  to  leave  Ui?  atertnr  »* 
cup  a  littla  before  the  other  cnii^* 

Tli<?    Contncl    Breaker  n..T  h  «-'•■ 

of  the  instruments  for  affording  sparks  and  aliocks.  which  will  be  dcif  nk;  i*"^ 
tha  following  head.  The  current  rimsl  be  transmilied  ihrou.'li  the  m-'  icsirjBa 
in  succession,  bj;  connecting  one  of  the  cups  C  C  with  one  [wle  of  Uie  'jj::.^  « 
the  other  cup  with  one  of  those  attached  to  the  spiral  nr  other  piec°  c>f  ip>3Us^ 
the  remaining  cup  of  which  is  to  communicale  with  the  olher  pole  of  the  btlirn  i; 
is  better  to  break  the  circuit  mechanically  in  this  way,  than  bv  meini  oi  ui  JV-. 
mpling  appiralUB  worked  by  the  battery  itself,  as  a  considerable  part  of  ihf  pifK"' 
the  current  is  then  eipcnded  in  giving  motion  to  (he  interruplor. 

On  making  conne.tion  in  this  manner  with  a  Hal  spiral,  and  turnini;  ;Sr  c-" 
head  A  to  put  the  vibrating  wire  in  motion,  a  brilliant  spirk  aill  W  sim  t'  "^ 
rupture  of  contact,  accompanied  by  a  loud  snap,  and  producing  cnnti>JFn:> (* 
bustion  of  the  mercury.  With  a  battery  conaisllnir  of  a  few  pairs  vf  p!»i«  ■:  ■'■T 
size,  such  as  Dr  Hare's  Caloritnnlor,  the  aiie  of  the  apark  will  be  greatJi  :>-^i^ 
and  the  snap  become  as  loud  ns  the  report  of  a  Lcydcn  jar.  The  shork  wi"  ii»  " 
pretty  strong,  and  may  be  increased  by  covering  the  merrury  in  the  glass  ruin's 
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^iKStor  in  an  opposite  direction  to  itself.  2.  During  the  continuance  of  the 
primary  current  in  full  quantity,  no  inductive  action  is  exerted.  3.  But 
.  /hen  the  same  current  begins  to  decline  in  quantity,  and  during  the  whole 
I'tme  of  its  diminishing,  an  induced  current  is  produced  in  an  opposite  direc- 
'  ion  to  the  induced  current  at  the  beginning  of  the  primary  current." 

T84.  Professor  Henry,  of  Princeton,  has  shown  that  currents  may  be 
'"^rikingly  produced  by  induction,  in  the  following  manner.  The  circuit 
^iMnned,  through  the  ribbon  coil,  a,  with  the  battery,  figure  65,  being  aiter- 
'  lately  made  and  interrupted,  as  stated  (774),  a  helix  of  coated  copper  wire 
Sr  about  21  wire  gauge,  and  of  about  4900  feet  in  length,  is  subjected  to  the 
-"nductive  influence  of  the  coil,  as  represented  in  the  adjoining  figure,  in 
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which  the  coils  and  helix  are  situated  conoentrically  one  upon  the  otbert 
whik^  separated  by  a  plate  of  glass.  The  intensity  of  the  resiliating  cur- 
not  as  measured  by  the  shock,  increases  with  the  length  of  the  helix  em* 
ployed,  until  the  resistance  to  the  electrical  current  consequent  to  the  length, 
oofopensates  the  benefit  otherwise  arising.  Yet,  as  might  be  expected,  the 
leoffth  to  which  the  circuit  may  be  thus  extended  with  advantage,  ceteris 
panbus,  is  proportional  directly  to  the  numerical  extent  of  the  voltaic  aeriea 
amployed  (431). 

786.  The  ends  of  two  wires  severally  connected  with  thoee  of  the  helix, 
being  rubbed  one  against  the  other,  while  the  circuit  through  the  coil  is 
ahemately  broken  and  renewed  in  rapid  succession,  sparks  will  be  visible, 
aad  slight  shocks  may  be  felt  through  the  fingers  or  tongue,  on  contact 
with  the  wires.  When  the  ends  of  the  wires  are  joined,  the  sparks  and 
soaps,  which  can  be  obtained  between  the  end  of  the  coil  connected  with 
the  battery  while  passing  over  the  rasp,  are  much  diminished  in  energy, 
and  no  shock  can  be  received. 

766.  A  delicate  galvanometer  being  associated  in  the  circuit  with  the 
tipper  coil,  whenever  the  battery  circuit  is  completed  through  the  coil,  the 
msffnetic  needle  will  be  extensively  deflected,  but  will  immediately  return 
to  the  meridian,  a  flow  of  a  current  through  the  wire  of  the  galvanometer 
is  thus  indicated,  which  is  nevertheless  transient  apparently.  On  opening 
the  circuit,  a  similar  transient  deflection  will  occur  in  the  opposite  direction. 
No  deflection  occurs  while  the  battery  current  is  flowing  steadily.  The 
galvanonoeter  should  be  placed  at  such  a  distance  from  the  coil  that  the 
current  through  this  may  not  affect  the  needle. 

767.  A  sewing  needle  will  be  magnetized  if  placed  within  a  spiral  of 
wire  of  very  small  diameter,  duly  comprised  in  the  same  circuit  as  the 
bslix.  The  polarity  produced  by  the  current  which  ensues  on  the  comple- 
tion of  the  circuit,  will  be  the  reverse  of  that  communicated  by  the  current 
consequent  to  its  rupture.    If  both  currents  are  allowed  to  act  on  the 


needle,  it  will  acquire  little  or  do  mDgnetism,  am  (be  inupMiii  ■ 
of  one  will  counlernct  Ihal  of  the  other. 

786.  Instructed  by  Faraday,  Prof.  Hwnry  tiaa  Kdthd  nuijr  iqpB 
coveries  respecting  the  phenomena  of  dynamic  infJudiaa;  aani| 
the  consisient  consequence,  that  the  Irnusicnl  secondofy  convM.  i 
deacribed,  inductively  produced  in  a  accond  coil,  w»a  capabbttfleiM^ 
muDicated  conduciively,  so  as  to  circulate  through  it  ilunl  eo^i  •h*: 
ing  inductively  on  a  belix,  was  produclivf  of  a  toniary  carimt  of  ife" 
characler,  though  feebler,  as  that  produced  when  llie  Itnlix  a  cBp<»d  a 
inductive  influence  of  the  primary  coil.     Hcuoo  shocks  wiD  be  icCBid 


a  person  holding  in  each  hand  one  of  the  handles,  to  wtudi  tbscB^rfii 
helix  are  ollached,  as  represented  in  figure  69.  The  prooan  aiyls*- 
tended  so  as  10  produce,  analogously,  fourth  and  fifth  comaM.  *Bh( 
alleges  thai  a  shock  was  given,  by  means  of  a  curreot  oflbalhMa^l 
twenty  persons  joining  hands."  Shocks  extending  (o  tbe  ■ni>«  ^en  ^ 
produced  by  the  process  above  mentioned,  "  with  currents  of  ifce  ft" 

769.  or  course,  the  cliBracteriatiG  effiocy  of  the  prinmry  ewiMI^K 

be  liable  to  vary  with  those  of  the  galvanic  apparatus  emplovnl  ia  ia  f» 
duction,  and  ihe  length,  width,  and  thickness  of  the  ribbon  esfle***' 
With  a  simple  elementary  battery  of  a  given  ^\zc.  tin  rv  must  b?  ■  eeam 
length,  width,  and  thickness  of  ribln  in,  u  h'-l  «;"  ,..-;,,  .  ,  ^ii.iiin«««* 
feet;  and  any  deviation  from  Ibis  rrrii!  -■  :«pn4ifr 

live  of  deteriaraiinn.     It  follows,  ihr^t    '  .  .{isoMaa 

there  must  be  for  each  a  degree  of  intensity  nnd  quantity  dependiae  cb  ih 
number  and  size  of  the  voltaic  pairs,  which  will  render  the  inducfiif  !»•« 
produced  by  its  means,  a  maximum.  Hence  the  sectional  arva  sad  Hxu 
of  the  ribbon,  the  extent  of  the  oxidizable  surface  of  the  zinc,  ai>d  ibe  am- 
ber of  the  series  into  which  it  may  be  divided,  form  variable  elemeou.  «■ 
ceplible  of  an  almost  infinite  variety  of  complications.  Each  of  the^  •»■ 
rious  complicate  combinations  must  have  its  appropriate  eSect  upoo  i  *" 
condary  coil,  having  a  given  length  and  sectional  area,  but  must  itrr  *i^ 
every  change  in  either  of  these  dimensions.  In  like  manner,  theclanf 
teristics  of  the  current  produced  by  the  inductive  influence  of  a  srooii 
third,  a  fourth,  or  a  fifth  coil,  or  as  many  as  may  be  employed  with  tiki. 
must  vary  with  Iheir  length,  shape,  and  sectional  area.  Another  xom  «' 
variation  arises  from  the  distance  of  the  inducing  coil  from  that  whri  ■ 
the  subject  of  the  inductive  power,  and  also  their  parallcltsm.  and  tbc  i^ 
gree  in  which  their  axes  may  approach  or  recede  from  cotocideocr  •^ 
one  hne.  The  directions  of  the  currents,  inductivdy  incited,  tera*  * 
have  varied  with  (he  distance. 


^ 
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Fig.  71. 


790.  To  Prof.  Henry  is  due 
the  detection  of  the  screening 
power  of  metallic  sheets.  I  al* 
lude  here  to  the  fact,  that  the  in- 
terposition of  a  metallic  sheet,  as 
in  figure  69,  between  the  ribbon 
and  coil,  or  between  a  coil  and  a 
helix  of  fine  wire,  nearly  annihi- 
lates the  power  to  produce  shocks, 
although  the  interposition  of  a 
plate  of  glass,  or  any  other  non- 
conducting material,  does  not  im- 
pair the  inductive  influence.  Yet 
a  sheet  of  metal,  out  of  which  a  gore  or  sector  has  been  cut, 
as  represented  In  figure  70,  does  not  impair  the  power  of 
induction.  Moreover,  when  from  the  corners  of  the  gash 
made  in  a  plate,  by  cutting  out  the  gore,  wires  soldered  thereto 
were  duly  extended  and  attached  to  the  ends  of  a  helix,  in- 
cluding a  needle;  to  this  needle,  on 
subjecting  the  plate  to  the  inductive  in- 
fluence of  a  coil  duly  excited  by  a  bat- 
tery as  in  the  adjoining  figure,  polarity 
was  imparted,  which  was  such  as  to 
show  the  resilient  current  to  be  in  the 
e  direction  as  that  in  the  inductive  coil,  a.  This  resilient  current  is 
idered  by  Henry  as  a  secondary  one,  but  it  seems  to  me  it  is  to  the  im- 
able  current  of  which  it  is  the  resiliating  effect,  that  the  appellation  of 
ndary  should  be  applied. 

?1.  I  find  that  a  sheet  of  zinc  does  not  prevent  the  creation  of  a  resili- 
l  current  in  my  helix  (793),  sufficient  to  afl^ect  the  gold  leaf  galvanos- 
i.  I  am  under  the  impression  that  the  plate  acts  by  causing  a  diffu- 
of  the  inductive  force,  so  as  to  reduce  its  intensity  too  low  for  causing 
ock. 

^2.  The  screening  power  above  described,  as  displayed  by  a  sheet  of 
il  interposed  between  the  first  and  second  coil,  equally  availed,  when  a 
interposition  was  made  between  a  second  and  a  third,  a  third  and  a 
th,  or  a  fourth  and  a  fiAh  coil. 

93.  When  a  copper  ribbon  coil  is  made  to  act  inductively  on  a  long 
c  of  wire,  as  illustrated  in  flgure  67,  the  shock  arising  from  the  resili* 
f  of  the  induced  electrical  tension  seems,  within  an  extensive  boundary, 
e  greater  in  proportion  as  the  wire  is  longer  and  more  slender.  I  have 
loyed  a  ribbon  coil  of  about  three  inches  and  a  half  wide,  and  one  hun- 

I  and  ninety-six  feet  long,  and  a  helix  of  coated  copper  wire,  No.  21,  of 
]t  twenty-eight  pounds  in  weight,  and  a  mile  in  length,  furnislied  with 
ht  metallic  handles.  Although  the  helix  may  be  supported  at  the  dis- 
e  of  several  feet  above  the  coil,  while  the  current  of  a  calorimotor  is  al- 
ately  established  and  arrested  within  it,  a  person  holding  one  handle  of 
helix  wire  in  each  hand,  will  receive  shocks  which  augment  in  severity 
[)e  helix  is  approximated  to  the  coil,  and  become  intolerable  when  it  is 
ight  into  contact  with  it  nearly. 

94.  Figure  72  represents  a  helix  such  as  described,  situated  as  when  it 
i  smart  shocks,  in  consequence  of  the  inductive  resiliating  influence  of 
coil,  c. 


795.  From  the  preceding  statoment,  il  s}fH 
a  current  of  great  quantity  may  prmluoe  a  i 
current  of  great  intensity.  But  Heniy  has  moi 
that  the  converse  is  possible.     Tbe  ■"^rnnrig  fa 

'    been  employed  by  him  to  illustrate  tlw  Tuptria 
which  the  facts  alluded  to  were  ealaUisltad- 

796.  The  lensioQ  induced  by  coil  a,  in  en 
tr&Dsmilted  conduciively  lo  coil  «,  wboMa  k  i 
duciively  upon  the  helix  d,  producjnr  iuUuiHf 
conduetivcly  transmitted  lo  e,  whence  il  w 
generates  a  current  of  quantity  iheivtD,  sd& 
magnetize  a  needle  included  io  a  tittle  spin] 
as  represented.* 

797.  Much  labcHjr  has  been  botmrad  kf  B 
determinJDg  the  directions  of  the  rurmil  in 

.  ferent  coils;  but  in  this  part  of  his  iaveuigatKi 
'  ia  too  much  abstruse  and  minute  detaJ,  Ixii  lu 
nected  with  striking  phenomena,  lo  be  introdw 
n  text-book.  I  am  under  the  impression,  ibai 
ing  oul  Ibe  consequences  which  theory  vmU 
founded  on  the  idea  Hint  each  current,  inductr* 
duced,  must  be  the  opposite  of  that  which  imoi 
induces  it,  would  give  ihe  direction  of  each 
generated  in  the  coils  and  helices  of  figure  ~i. 


Djinnmic  Indvclire  Infucnre  of  Slali,-al  Elfrfricity. 

799.  On  thi-*  siibjcet  I  hIII  .(w-lc  a  lew  lines  from  H.-iiry's  Me 
the  American  Philosophical  Transactions,  logcihor  with  the  apprcpc 

799.  "The  discovery  of  ihe  fact  that  the  seeond.iry  cunent,  «l 
isis  but  for  a  moment,  could  induce  nnmhor  current  ot'coiisidcralilf 
gave  some  indication  ihal  similar  effects   might  be  produccii  hv  a  di 

*  Il  niuit  he  evident,  from  the  cxptrimcnis  here  illuMratrd.  that  Ihr  Hn 

iJie  lonj;  and  narrow  cirruitfi  aflbrdeil  hy  the  wire  helices,  or  tlia  (borUf  K 
■niple  channel*  alTordflil  bj  Ihe  ribbon  coils. 


^ 
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3i  orcEnary  electricity,  provided  a  sufficiently  perfect  insulation  could  be 
Obtained.  To  test  this,  a  hollow  glass  cylinder,  fig.  74,  of  about  six  inches 
in  diameter,  was  prepared  with  a  narrow  ribbon  of  tin-foil,  about  thirty  feet 
bog,  pasted  spirally  around  the  outside,  and  a  similar  ribbon  of  the  same 


Fif.74. 


jength  pasted  on  the  inside;  so  that  the  corresponding  spires  of  the  two 
were  directly  opposite  each  other.  The  ends  of  the  inner  spiral  passed  out 
of  the  cylinder  through  a  glass  tube,  to  prevent  all  direct  communication 
between  the  two.  When  the  ends  of  the  inner  ribbon  were  joined  by  the 
magnetizing  spiral,  c,  containing  a  needle,  and  a  discharge  from  a  half 

Ellon  jar  sent  through  the  outer  ribbon,  the  needle  was  strongly  magnet* 
d  in  such  a  manner  as  to  indicate  cm  induced  curreni  through  the  inner 
ribbon  in  the  same  direction  as  that  of  the  curreni  of  the  jar*  This  ex- 
periment was  repeated  many  times,  and  always  with  the  same  result. 

800.  «*  When  the  ends  of  one  of  the  ribbons  were  placed  very  nearly  in 
contact,  a  small  spark  was  perceived  at  the  opening,  the  moment  the  dis- 
charge took  place  through  the  other  ribbon. 

801.  **  When  the  ends  of  the  same  ribbon  were  separated  to  a  consider- 
able distance,  a  larger  spark  than  the  last  could  be  drawn  from  each  end 
by  presenting  a  ball,  or  the  knuckle. 

802.  "  Also,  if  the  ends  of  the  outer  ribbon  were  united,  so  as  to  form  a 
perfect  metallic  circuit,  a  spark  could  be  drawn  from  any  point  of  the  same, 
when  a  discharge  was  sent  through  the  inner  ribbon.'* 

808.  An  analogous  inductive  mfluence  to  that  observed  in  the  case  of  a 
aeries  of  coils,  of  which  the  first  in  the  series  is  made  the  channel  of  a  gal- 
vanic discharge,  has  been  noticed  by  Henry  in  the  case  of  wires  placed 
nearly  parallel  to  each  other,  of  which  one  is  made  the  medium  of  a  dis- 
charge from  a  baflery  of  coated  jars.  Having,  with  my  assistance,  caused 
two  such  wires  to  pass  round  my  lecture  room,  as  near  as  possible  to  each 
other,  without  touching,  the  ends  of  one  of  the  wires  being  severally  in- 
serted in  cups  of  mercury,  while  the  other  wire  was  the  m^ium  of  a  dis- 
charge from  my  battery,  shocks  were  received  in  the  fingers  when  they 
were  plunged  in  the  mercury  in  the  cups,  at  the  moment  of  the  discharge. 

804.  It  is  to  discharges  of  this  kind,  as  I  conceive,  that  the  souring  of 
milk  and  beer,  during  thunder  storms,  may  be  ascribed. 

805.  It  is  not  possible  to  do  full  justice  to  the  speculations,  experiments, 
and  observations  of  Henry,  in  an  elementary  treatise :  I  therefore  forbear 
Co  extend  this  account  of  them  further. 

806.  As  respects  the  hypothetical  explanation,  I  have  resorted,  in  com- 
mon  with  Henry,  to  the  conventional  idea  of  electrical  currents  inducing 
other  currents;  but  it  will  be  hereafler  suggested,  in  treating  of  the  theory 
of  electricity,  that  the  phenomena  may  be  the  eflect  of  wavea  of  polarization 
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induced  in  thai  ocean  of  the  imponderablQ  material  came  oT  rtigisi. 
which,  in  a  stttle  of  excesaivo  condensaiioD,  is  coD>xivt«l  !□  (lo^t  k 
space  iniervcning  belween  ponderable  melallic  particiu,  BiidU'J»a« 
liinc  in  a  siaio  of  greatt-r  or  less  density  lo  pervade  llie  crcoluu. 

lNDUCT[ON  OP  MAGNETISM  BY  CURRENTS. 

807.  Soon  after  Ampere,  in  observing  the  ^eactia■k^ 
tween  electrical  currents,  made  the  first  step  in  tbe  b 
of  science  last  treated  of,  discovery  was  madeoflbei 
of  such  currents  to  impart  magnetic  polarity  to  a  coitf 
wire,  and  of  rendering  a  needle  situated  trans^erselrteAl 
current,  magnetic. 

808.  This  power  of  imparting  polarity,  was  prodipoMly 
increased,  wheo  the  wire  wound  into  a  lielii,  was  maiita 
include  the  needle.  By  these  means  the  inRucnccoTAt 
current  was  reiterated,  as  in  the  instance  of  Schweigcr'»^ 
vanometer. 

pi.K  809.  The  adjoining  6em 

represents  a  nghl  epirJ  d 
copper  wire,  containing  ivd 
of  soft  iron.  The  ends  4  th 
wire  terminate  within  sad 
cups  of  mercury.  This » 
tuated,  a  discharge  of  the  p^ 
vanic  finid  through  the  spiral  cannot  be  made  so  lfiawt» 
ly  as  not  to  impart  magnetism  to  the  bar.  The  camBl 
being  from  the  cup,  P,  to  the  cup,  N,  the  poles  of  the  ni 
will  have  the  character  indicated  by  the  initials,  S  and  N: 
hut  either  reversing  the  current,  or  substituting  a  left  spi- 
ral, would  reverse  the  character  of  the  magnetism  comma- 
nicated  to  the  rod. 

810.  The  polarity  given  to  the  needle,  when  the  cumot 
flowed  one  way,  was  found  to  be  the  opposSe  of  that  im- 
parted when  it  flowed  in  the  opposite  direction.  The  mr- 
rent  being  conceived  to  proceed  in  the  wire  from  posiO'e 
to  negative,  the  end  of  the  needle  pointing  the  same  wir. 
as  the  flowing  of  the  current  must  receive  north  polantt. 
the  other  receiving  consequently  south  polarity;  but  re- 
versing the  direction  of  the  current,  the  polarity  mu?i  be 
reversed.  The  polarity  varied  also,  as  the  nelix  w'as  wouod 
to  the  right  or  the  left,  so  that  a  left  helix  bein^  used  v 
mentioned  above,  the  currents  would  have  effects  the  oo- 
posite  of  those  produced  by  a  right  helix. 

811.  In  fact  the  same  wire  was  found  to  acquire  di&r- 


^ 
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'iant  polarities,  when  different  parta  of  it  were  made  to  oo 
^capy  a  successioo  of  cavities  in  different  helices,  some  wound 
..to  die  right,  the  others  to  the  left.  A  needle  was  magnet- 
ized when  situated  on  the  outside  of  a  galvanized  helix,  but 
much  less  powerfully  than  when  included  discharges  of 
.'Statical  electricity  were  found  competent  to  produce  mag- 
?  netism,  when  substituted  in  the  same  processes,  for  those 
.  of  galvanism,  but  the  power  imparted  was  comparatively 
;  very  feeble. 

i  812.  Mr.  Ampgrc,  besides  other  iateresting  discoveries 
which  my  limits  will  not  allow  me  to  illustrate,  and  which 
;  it  would  be  impossible  to  describe  satisfactorily,  most  in- 
geniously caused  the  ends  of  a  wire  forming  a  helix  to  re- 
turn through  the  axis  of  the  helix,  without  touching  it,  to 
the  middle,  and,  passing  them  out  of  the  helix,  one  on  one 
aide,  the  oUier  on  the  other  side,  they  were  made  to  form 
an  axis,  on  which  the  whole  might  revolve.  The  different 
«nds  of  the  wire,  thus  arranged,  being  made  duly  to  com- 
mnnicate  with  a  galvanic  battery,  the  helix  was  mfluenced 
1^  a  magnet,  as  one  magnet  is  affected  by  another. 

rif.-n.  313-  Two  coils  wound  one  to  the 

3  right,  the  other  to  the  left,  as  in  fig- 
ure 76,  and  made  the  medium  ofa 
^[tlvanic  current,  in  the  usual  way, 
will  impart  opposite  polarities  to 
two  bars  or  rods  of  iron  simulta- 
neously introduced,  one  of  them 
within  the  coil  on  the  right,  the 
other  within  that  on  the  left.  The 
polarity  of  the  outer  extremities  will  be  similar,  and  the 
same  is  truej)f  the  ends  near  the  centre.  This  may  be 
shown  by  wifndrawing  and  presenting  them  to  the  poles 
of  an  ordinary  magnetic  needle. 

814.  In  this  way  if  one  bar  be  introduced  so  as  to  occu- 
py the  cavities  of  both  spirals,  it  will  have  three  poles,  the 
middle  having  only  one  polarity,  which  will  be  the  oppo- 
site of  the  similar  polarity  of  the  extremities. 

0/  the  Electro-Magnet. 
615.  A  rod  of  iron,  magnetised  by  a  galvanic  current, 
as  above  illustrated,  is  called  an  electro-magnet.    Profes- 
sor Moll  perceived,  that  if  a  bar  magnet  was  more  pow- 
eiful  in  the  horse-shoe  form,  the  same  ought  to  hold  io  the 


case  of  an  electro-magnet.  Heocc  he  was  led  tocoiM 
an  electro-magnet  resembling  that  represented  id  tbe) 
joined  figure. 

f,,  n  816.  It  consists  of  tii 

rod  in  llie  shnpe  of  tb 
slioe,  on  which  copper  1 
of  the  size  used  forbdh 
vcred  by  silk,  is  woom^I 
one  end  to  the  other- 
electro-magnet  thus  ■ 
held  seventy-five  pod 
while  weighing  itsm  ■ 
five  pounds.  j 

817.  The  quantity  of< 
employed  in  tbe  codsB 
tion  of  the  eiectro-{ai| 
represented  by  the  pM 
ing  cut  is  evidently  inadequate  to  | 
duce  a  liigh  charge,  yet  ihc  engm^ 
may  be  more  comjwtent  to  convey  tj 
conception  of  the  process  by  wbicbfl 
a  magnet  is  charged,  than  that  of  ^ 
78,  which  is  closely  covered  with  cof 
bell-wire,  so  as  to  be  capable  ofarqtf 
from  the  same  current  proportion 
much  higher  power.  Of  course  it  ■ 
be  iniajriiiLti  that  the  cups  at  N  and 
fifjiire  77,  are  to  he  supplied  will  m 
cury,  so  as  to  make  a  connexion  witli  the  extremitic*  o 
galvanic  battery.  Yet  I  prefer  set  screws,  lor  tlitcti 
such  connexions. 

Of  Hcnn/s  Elcclro-inn<rnct. 

818.  The  results  obtained  by  Moll  were  ccliji^Ti 
those  acconi|)!ishcd  by  our  countrvnian,  l'rote?<(ir  J** 
Henry,  of  Mhom  mention  has  already  boen  made. 

819.  Of  his  celebrated  clcctro-niacnet.  the  following  a 
count  is  extracted  from  Silliman's  Journal,  vol.  -1.  I*-' 
page  400. 

820.  "  A  soft  iron  bar,  two  inches  square,  and  iwin 
inches  long,  having  the  edges  rounded,  was  bent  iiit-  ti 
form  of  a  horse-shoe.  Five  hundred  and  forty  loctofco 
per  bcll-wire  were  wound  round  it,  in  nine  coils  of  5U 
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sfeet  each.    These  coils  were  not  continued  from  one  end 
f^f  the  magnet  to  the  other,  but  each  of  them  was  wound 
round  a  portion  of  the  horse-shoe  about  an  inch  in  length, 
-ieaving  the  ends  of  the  wires  projecting,  and  properly  num- 
sbered.    The  alternate  ends  were  soldered  to  a  copper  cy- 
:IiDder,  and  the  others  to  a  small  cylinder  of  zinc,  contain- 
^ing  only  two-fifths  of  a  square  foot,  and  forming  a  voltaic 
arrangement  with  dilute  acid.    When  the  armature  of  soft 
Jron  was  placed  across  the  ends  of  the  horse  shoe,  it  was 
found  capable  of  supporting  650  pounds:  an  astonishing 
.  effect  for  so  small  a  battery,  which  required  a  charge  of 
only  half  a  pint  of  dilute  acid.     With  a  larger  battery,  the 
weight  sustained  was  750  pounds,  which  seemed  to  be  the 
.  maximum  of  magnetic  power  that  could  be  developed  in 
that  bar  by  voltaic  electricity.    It  is  remarkable,  that  when 
the  ends  of  the  wires  were  united  so  as  to  form  a  contin- 
uous wire  of  540  feet,  the  weight  raised  was  only  145 
pounds.'^ 

821.  Another  magnet  was  made  by  Professor  Henry, 
which  held  upwards  of  two  thousand  pounds. 

822.  Subsequently  magnets  have  been  made  adequate  to 
hold  three  thousand  pounds. 

823.  As  soon  as  the  current  through  the  coils  of  an 
electro-magnet  is  arrested,  the  keeper,  if  loaded,  falls  off, 
since  the  magnetic  power  which  remains,  is  extremely 
feeble.  The  rapidity  with  which  the  magnetic  polarity  is 
produced,  destroyed,  and  reproduced,  or  reversed  by  shift- 
ing the  direction  of  the  current,  is  very  remarkable. 

824.  The  following  figure  represents  a  modification  of  Henry's  electro- 
magnet, as  constructed  by  me,  soon  aAer  the  account  above  quoted  waa 
published. 

825.  M  is  th^electro-magnct,  consisting  of  an  iron  cylinder^  of  If 
inches  in  diameter,  and  24  inches  in  length,  bent  so  as  to  form  a  U.  It 
has  six  coils  of  sixty  feet  of  covered  copper  wire  on  each  leg.  K,  the 
keeper,  of  which  the  sectional  area  should  not  be  less  than  that  of  the  bar 
of  which  the  electro-magnet  is  formed.  The  keeper  is  suspended  from  a 
steelyard,  divided  into  parts,  ench  equal  to  the  distance  between  the  hook 
supporting  the  keeper  and  the  pivot  of  the  fulcrum  at  F.  The  iron  globe 
W,  weighs  100  pounds,  and  when  slid  to  the  fifth  division  necessarily  acta 
on  the  keeper  with  a  force  equal  to  five  times  its  weight.  When  excited 
by  a  calorimotorof  two  pairs,  such  as  has  been  described,  fig.  8,  it  has  been 
necessary  to  add  additional  weight  to  increase  the  force  to  750  pounds,  be« 
fore  the  separation  of  the  keeper  could  be  effected.* 

*  The  coils  are  twelvo  in  namber,  each  comprising  aizty  feet  of  copper  bell-wire, 
wmuid  ap  with  thin  paper  and  shell  lac  famifh,  to  preTent  metallic  contact.    They 


Of  the  Rapidiij/  with  which  Polarity  may  be  Rrv<Ttfd,  and  tit  cmm 
Rapidity  of  Rotary  Motion  Ikmct  arinmg, 
626,  The  altnictivc  power  above  nietiltoncd  as  impnrtf^  by  is  rla 
corrent  to  a  cylinder  or  bar  of  iron  in  iho  U  fofm.  m  nrndtriTd  cm* 

S rising  by  the  inconceivable  minuienesa  of  the  iintc  miutnielbrA 
uclion,  and  reversal  orihe  polurily  on  which  it  ik^Knds. 
(J2T>  The  aliernaiipDs  of  allraclion  and  TppuUion  resultiog  fivnl 
versa!  of  polarity,  has  been  an  object  of  much  altention  fliMeifeA 
contrivance,  with  the  view  of  obtaining;  an  advantageous  tnoiiof  poip 
machinery. 

829.  Previously  to  the  career  of  Professor  Hf^nry,  ii  was  knnwti  i; 
most  trnnaionl  duration  of  a  galvanic  current  pnssing  thniu^h  \ 
would  magnetize,  or  reverse  ihe  mngnclism  of  an  iron  rt«!  conmir.e-f 
the  helix.  This  susceptibility  of  opposite  magnet izaiion  was  rcir-r- 
presented  to  altention  by  Henry,  and  may  be  illustrQlcd  by  &  I;:'.. 
chine,  of  which  a  description  is  subjoined.* 

were  ■everallf  wound  upon  an  irnn  cylinder  of  the    same   diamelFr  at  Ihil 
Ultle.     Jn  Fonsequence  of  tills  precaution  ihe  bore  of  the  eoili  wni  f.iI£<-,fii-.' 


of  tlie  niB^ncL     Sii  wore  thus  affixed  to 

each  lee.      In  .irder  Ih.t  m 

should  eoopernle,  when  all  ure  wound  one 

all  tlie  beeinnings  niusl  conmiuniealc  «■ 

honeV-le.all   the   e'ndm-. 

To  fBcihUlo  Ihil,  Iho  nnalo^oun  exlrcinil 

»  nre   solder.d  l-cPihrr  ■ 

P  and  N.     The  mine  rule  must  be  ol>»er 

ed  if  they  he   all  w.,und  t 

■  righl  and  a  left  coil,  may  be  nindo  to 

oiiperate   in   producing   th 

if  each   l>«ginning  »   applied  tothonir.e 

pole   ax  each   endiLj       B 

mean   that  I'xlreriiily  al   wliirh   Ihe  r.iil 

.  bp^nn   t"  be    wound      b 

course,  tlj^il  extremity  al  which  tbu  Kind 

Hg  l.T.nir.ji.-s. 

•   nniproca 

ing   Eni^iai 
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829.  DaeenporfM  Maehint,  which  drew  so  much  atteatJOD,  added  no- 
thing to  our  knowledge.       The  chaage  from  an  allcrnate  to  a   rotary 
ntotion,  was  an  easy  step  made  independently  by  Richie  and  othera,  aa 
well  as  himself.     As  respects  its  edicacy  as  a  moving  power  compared 
with  an  alternating  motion,  it  was  a  gtep  towards  the  rear,  which  any 
one  well  acquainted  with  the  nature  of  (he  peculiarity  of  the  powers  of 
electro- magnets  and  with  mechanics,  would  not  have  taken.     In  my  opinion, 
—the  greot  defect  of  this  power  is,  that  its  force  is  exerted  through  a  very 
~  minute  space.     For  its  advantageous  exertion  it  is  requisite  that  the  aur- 
fccesof  the  armature  and  those  of  the  poles  of  the  electro- magnet  be  paralld 
_  and  exactly  opposite.    These  objects  cannot  be  well  obtained  when  either  the 
armature  or  the  magnet  are  undergoing  a  rotary  motion.     In  that  case, 
when  the  position  of  the  masses  actuated  by  the  opposite  polarities,  is  most 
favourable  for  the  exercise  of  their  reciprocal  attraction  or  repulsion,  their 
position  is  least  favourable  for  the  production  of  circular  motion-     It  is  in 

■  PNT-en 


H,  i*  «(t>bli>hed  or  nullified  ilterDtleljr,  u  tb«  flj-wheal  in  rttnlfing  mikai  ■ 
(HnDmanicalion  vilh  the  coil  of  one  or  lh«  other,  by  ■  mechkaiam  cilled  tfas  ireak 
fitu.  The  little  cylindrickt  rot!  wtilch  rormi  tba  uii  of  the  aj-whsel  W,  \»  filed 
a<ir*7  at  two  pUce*  of  about  a  quarter  of  an  inch  in  width,  on  oppoaits  aidea  of  the 
lod,  learmg  between  them,  a  pail  wliich  ii  not  depnted  ofila  rotanditj.  Of  three 
■ptiD^a  proceeding  Tcrticallj  from  beneath  tbs  baae  board,  eo  ai  to  be  held  firmlj  bj 
it,  one  communicatea  by  a  wire  benatlh  the  board  with  the  aal  acrew  od  the  right 
aad  Ihroagh  it  with  a  polo  of  a  battery.  Franing  at  the  aame  time  on  the  intenne- 
diate  roond  portion  of  the  aiii.  it  keepa  it  cooatandj  in  the  aame  oleetncal  atate  u 
tbepoleof  the  battarr  with  which  it  communicatea.  Eacb  of  the  other  two  apringa 
eommuniealea  through  the  wiro  of  one  of  the  helicea  I%M,  with  the  left  aet  acrew, 
kod  through  thii  with  the  other  pole  of  the  batterr-  The  alia,  aa  abore  mentioned, 
being  in  conatuit  communication  with  one  pole,  the  current  alternately  puMa 
through  the  helix  of  one  or  the  other  cloctra.magnet,  accordingly  u  the  apring  with 
which  it  communicnica  ii,  or  it  not,  in  contact  with  the  aiii  in  conaeqnence  of  the 
alternate  preapntatioii  »l  ererv  aemi-rcTolution  of  the  portion  which  hta  been  re- 
moved by  the  Rie  or  that  which  baa  been  left  in  Mtalu  quo.  Ai  the  portiona  in  the 
laat  mentioneil  ilete,  ere  on  opposite  aidea,  the  contact  of  the  apringa  with  the  axia, 
ia  alternate.  Thu*  each  tiis^net  ia  alternately  charged  and  alternately  free.  Con. 
■aqaenlly  two  keepera  of  aolt  iron  aaaociated  with  each  other,  and  with  a  beam  crtnk 
•Bd  fly-whrcl,  by  being  alternately  Btlricted  and  liberated,  undergo  an  alternate 
notion  which  i*  imparted  to  tho  beam.  Thia  motion  by  means  of  the  crank  cauaea 
the  fly-wheel  and  itai.iia  to  revolve,  and  tbuagivea  efficacy  lo  the  mecfaaniaroofthe 

It  followa  that  the  m&chine  continuea  in  motion  ai  long  ai  the  galvanic  currant  u 


^ptied 


>tied. 
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tb6'n6ati^rt(t\tB'*iltad  point"  so  called  lechnkaDytt 
hitense  rcaciioD. 

830.  Davenport's  apparatus  did  not  difler  essentially  frm  that  nTBi 
In  both,  the  alternation  of  polarity  by  which  the  beam  vu  * 
agreeably  to  the  apparatus  laM  described,  was  made  lo  act  upon  uck 
iDHgoet  turning  on  a  vertical  axis  bciwacn  the  jaws,  cilbvr  ofa  p 
magnet  or  of  au  elect ro-mognet.  The  forrner  was  employed  ^  ^-'-•i 
the  latter  by  Duvenporl-  1  have  been  under  the  impreauon  that  lubiA] 
not  make  due  acknowledgment  lo  Henry,  (or  th«  bJM  aflbfM  byfc. 
alternating  bram  engine.  Yet  De  la  Rive  alle^^s  thai  he  aa*  aa  ^^. 
ratus,  in  183P,  which  hod  been  contrived  by  Richie,  lo  letolwbyi'  ^ 
temation  of  polarity,  resulting  from  changes  in  the  directioa  oTlfe  p 
current.*  I 

On  the  great  Advantage,  of  Electro-ma  grids  as  tie  JKtou/ 
imparting  Pcrmanci\t  Mngnclisvi.  < 

831.  One  of  the  practical  advantages  arising  &m^ 
art  of  making  electro-magnets  is,  that  wc  are  eoalMH 
impart  instantaneously  the  most  {>owerrul  magDetisnli 
steel  bars.  The  mode  of  employing  for  this  purposed 
eleciro-magoet,  docs  not  differ  from  that  already  ikiiiiirf 

*  RichWl  Retolritig  Elearo-magnet.  I 

TliB  followiiig  Ggura  n>ill  give  an  idea  of  Uis  apparatna  whicli  in  Fuiilf  it  kMN 

M  Richie's  revolvin j  oloclro-ningnct.  "j 

Fig.  81.  Two  cup*  of  mercaij,  or  Iwa  m(  KM^ 

^^  are  auppotted  aeTeraUj  on  aock  a^  dtt 

^F  alch  of  btsaa,  by  ammtu  of  vina  mmtrntM 

..^-*~^  each  in  ooe  of  ths  sprintaora  wtU  daav 

W  /V^X\  w    (^•'7)       By  »hcse  mMnrThe  h^i  a  IV  J«w 

I  //       1       \\  1    tro-magnrl  i»  auhjec-ted  to  .  c>,fiTM  r^ai 

■      /^l — =^ 4|C^       W    ''"tlery,  of  which  the  dinclioa  unt>!-4« 

1      I      IrsllMpiPfNy     I      T   «emi-rerolutii.n.      If.  while  nibiMlM  u  «l 
%•/  I       U  [      \^     current  the  clectra-magnel  be  maia  *  taa 

llirough  a  (|uadruil,  so  aa  to  be  •!  ri|*«  M(* 
totlio  poaition  in  wliich  it  ia  Kpm  — '  —^ 
11  be  iltracted  by  w 


hoif  >  turn  encounter*  a  ch«Bfe  -rf  f-'OiM 
from  iho  inma  rauatra  u  «l  (irat  T\at  I  n» 
lion  cRBues  and  endurca  so  loDf  ai  t»*  n-rM 
is  lupplied.  1  have  aceo  Ifae  clarlr>~ii*f« 
■upporlod  horiiooUUj-  upon  U>*  ii«t*»l  •■ 
u  reptcaenlcd  in  the  preccdiof  £(««.  i«* 
sa  mpidly.  aa  to  make  a  humnukf  ■«■■•.■■ 
to  auiime  the  app«aruioe  ofanobtM*  ifM* 
ur  turnip* shaped  ditJi. 
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a  using  the  permanent  magnet  for  the  same  purpose  (729^. 
n  either  case,  however,  when  the  magnet  to  be  charged  is 
if  the  U  form,  the  induction  is  more  powerful  if  an  electro- 
aagnet  having  the  same  distance  between  the  legs  is  em- 
Joyed.  As  the  coil  may  be  made  loose  enough  to  slip  on 
nd  olf  (825),  rods  of  iron  in  the  U  shape,  may  be  provided 
o  as  to  suit  the  various  permanent  magnets  required. 

,i. «  832.  Figure  82,  will  serve  to 

illustrate  the  proper  position  of 
the  electro-magnet  relatively  to 
a  steel  U  bar  to  be  magnetized, 
as  when  first  applied.  It  is  to 
'  be  slid  from  the  position  in 
-  which  it  is  represented,  towards 
the  ends  of*  the  steel  U  bar,  two 
or  three  times;  and  finally  being 
roiight  into  the  situation  of  a  keeper,  let  the  keeper  te 
pplied  before  the  magnet  is  slid  ofi*. 


Dynamic  Gold  Leaf  Galoanotcope. 
933.  The  figure  of  the  gold  leaf  galvaooscope  was  introduced,  ia  trealiog 
Fi,  Ki-B-.«v  Eti«  BM.  "^  ']^  galvanic  circuit,  in  order  to  gi  w  the 

student  an  idea  of  the  means  which  it  af- 
fords oi  detecting  a  galvano-electrical  cur- 
rent. The  explaQolioa  of  this  instniment, 
requiring  a  reference  to  the  lawa  and 
phenomena  which  fall  under  tbe  bead  of 
reaction  of  magnets  with  electrical  car- 
rents,  was  postponed  in  order  to  be  given 
here,  the  figure  being  of  necessity  rein- 
scrlcd  in  the  next  page. 

834.  Between  the  legs  of  a  U  magnet, 
fig.  84,  a  glass  lube  is  placed,  to  each  end 

Fi|[ure  63,  reprMsnta  the  ravolTinc  maniat, 
u  auocjiled  with  ■  ball,  br  nie*ju  of  a  whaai- 
work,  likx  Ihit  of  «  clock.  An  aodlaM  icraw 
8,  on  the  uii  uu  apon  Iha  taath  of  ■  wheel, 
whieli  ej  it  rovolToe  by  maeoi  of  a  projeoliag 
pin,  lifU  the  bundle  of  «  hammar  until  it  er. 
riTM  at  ■  due  aleTition,  where  it  ii  relaased 
fiom  tbe  pin.  Then  by  tha  reection  of  * 
■piral  ipring,  the  hammer  ia  make  to  atrihe 
llie  bell.  Aa  ihe  wheal  baa  aiiU-four  lenlh, 
it  takei  (iily-rnur  reTCMtiona  of  the  nujnet 
to  ckoae  one  atroke.  In  aome  inatuwai  the 
number  of  etmkea  in  a  |[i>en  lime  being  eacer- 
tflinadjtlie  r««o1ationa  were  found  to  uDODOt 
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of  which  a  bnus  cap  ib  fitted,  supporiiDg  wilhia  Ihe  tubv  fcraqa  »^i| 

as  to  he  couccntric  with  the  axis  of  lti«  tulie.  Be[n««D  the  fincipi^ 
BupporieJ  uod  another  similar  pair  otlixutl  to  ihc  luwi-r  cap«f  lk»3M 
strip  of  gold  leaf  is  extended,  of  which  one  of  the  two  endi  ■  as Uw 
each  Torceps,  as  to  make  it  occupy  the  cenrrol  space  mboatlheuk^t 
tubehctween  tho  forceps.  The  caps  communicnlc  with  K1kr«^I»M 
wirt»  are  to  bo  afCxed,  to  complete  any  circuit,  wludi  h  U  k  Mp 
When  subjected  to  a  very  feobit galvanic dischar^^,  the  piU  lakrvd[,i|ri 
ably  to  the  law  above  (.lotcd  (626),  endeavour  to  quit  IM  pNiliaaM 
holds,  in  order  to  lake  llie  tangential  altitude,  and  wbilo  thai  iUiiiM 
escape  from  betweea  the  jaws  of  ihe  magocl,  iDcItiKB  om  «n  wM 
other,  in  a  plane  at  right  angles  to  one  passing  tlirougli  ibe  km*  <<)■ 

Cff  the  Induction  of  Electrical  Currents  by  Jtbgaitimt  I 
Magneto-electrical  Induclion.  j 

835.  The  influence  of  electric  currents  in  ioducingM 
oetisiii,  having  been  fully  demonstrated,  the  celebrated  H 
raday  was  led  to  inquire  whether  the  converge  mtgbia 
be  attainable.  Accordingly  he  has  ascertained,  thai  di 
trical  currents  may  be  induced  by  magnetic  action.  J 
on  the  one  hand,  an  electrical  current  circulating  ihroJ 
a  coil  of  wire  will  produce  magnetism  in  an  iron  ■ 
situated  within  tho  coil,  so,  od  the  other,  if  a  bv  yri 
vioHsly  magnetized  be  alternately  introduced  intotbeoi 
and  withdrawn,  currents  will  be  induced  in  the  coil  alM 
ingresa  and  egress  of  the  bar.  To  the  currents  ihw  i 
duced,  as  well  as  to  those  already  described  as  n;siill>| 
from  the  inductive  influence  of  the  current  in  one  bt4 
producing  a  current  in  another  in  its  vicinity  ("SI).  4 
appellation  of  Faradian  has  been  given  in  hoDOUrot  thd 
discoverer. 

83G.  The  inductive  iaBi 
ence  of  a  niagi»et,  in  nvM 
an  electrical  current,  mavk 
illustrated  by  the  pnxa 
which  the  adjoining  &s9i 
e.\emplities.  It  will  be  pel 
ceived,  that  the  gold  kai  < 
the  galvanoscopc.  alrcad 
described  (Tr>7),  is  made,  i 
represented  in  the  engravai 
to  complete  the  circuit  of 
coil  of  covered  copper  va 
which  has  been  so  wihumI  i 
to  leave  about  its  axis  a  Tt 


125 

"xant  space  sufficient  to  receive  either  of  the  legs  of  a  U 
"^magnet. 

837.  In  putting  the  coil  into  the  situation  in  which  it  is 
represented,  the  gold  leaf  will  incline  one  way ;  on  re- 
moving the  coil,  it  will  incline  the  other  way :  moreover, 

'the  flexure  which  arises  on  putting  the  coil  on  one  leg, 
'will  be  the  opposite  of  that  which  will  ensue  when  it  may 
,  be  put  about  the  other  leg.     Yet  removal  from  one  le^, 
:  and  placing  it  about  the  other,  will  be  productive  of  a  si- 
■  milar  flexure.     While  the  coil  is  stationary,  the  gold  leaf 
is  not  affected.     It  is  only  during  the  changes  of  its  situa- 
tion relatively  to  the  magnet,  that  any  electric  impulse  is 
given  adequate  to  the  production  of  a  transient  current 
(633). 

838.  It  has  been  pointed  out  that  each  end  of  the  keeper 
of  a  magnet  assumes  a  magnetic  polarity  opposite  to  tnat 
of  the  pole  with  which  it  may  be  in  contact,  but  that  the 
magnetism  thus  acquired,  ceases  on  the  removal  of  the 
keeper  from  the  magnet.  If  we  suppose  such  a  keeper  to 
be  surrounded  by  a  coil  of  insulated  wire,  we  have  only  to 
remove  it  from  its  appropriate  position,  and  restore  it  al- 
ternately, in  order  to  produce  a  Faradian  current  within 
the  coil  at  each  change  of  position  (835). 

839.  Under  these  circumstances,  the  magnetism  of  the 
keeper  is  destroyed  as  often  as  it  is  removed  from  the 
poles,  and  restored  as  often  as  it  resumes  its  approprilate 
position;  and  an  alternate  accumulation  and  subsidence  of 
the  magnetic  fluid  within  the  keeper,  is  supposed  to  pro- 
duce Faradian  currents  by  its  reaction  with  the  electric 
matter  in  the  wire. 

840.  The  current  produced  by  this  last  mentioned  pro- 
cess was  detected  by  Faraday,  by  causing  the  ends  of  the 
wire  coiled  about  the  keeper  to  communicate  with  the  ter- 
minations of  the  coil  of  a  multiplier,  at  the  moment  of  re- 
moval from  the  poles  of  a  powerful  magnet.  But  of  the 
current  thus  detected,  indications  were  soon  after  obtained 
by  the  production  of  sparks.  This  interesting  result  was 
first  attained  by  the  distinguished  Italian  electricians,  No- 
bili  and  Antinori,  by  causing  the  ends  of  (be  wire  coiled 
about  the  keeper  to  break  contact  with  each  other  through 
the  medium  of  an  amalgamated  surface,  in  consequence  of 
the  jar  arising  from  the  lifting  of  the  keeper  from  the  poles 
of  a  magnet.    Professor  Forbes,  of  Edinburgh,  procmced 
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the  same  phenomenon  shortly  afterwards,  hyi 
the  same  process  with  a  powerful  loadstone. 

841.  This  exfmnama 
by  ihc  adjolnJDg  figtirv.  TWh 
is  a  U  ber  oC  sod  iroo,  omI  m  m 
cd  by  a  Tine  wiro  coil  of  gi«l  k 
It  niny,  odi-nntognoosly,  be  ft* 
dn-iJ  Ihct  long.  Of  coons 
cuslomary  coTcrins  oT  eoOoB  ar  A 
A  section  or  it,  and  itt  «■«>  ii  iM 
scnied  at  E,  U.  D.    Omcodefteii 

is  soMcredto  iFte  anntttoreaattkiMf 

M I  'il      Vll    The  olher  cut!  of  lJ»e  wire  »  hUmM 

^^l^fcit  I  \      mi    ^^  ^'  screw,  B,  insulated  fronllt^ 

^^V  I     (V   by  ivory.    H.  held  by  the  cfa«ii;M 

^^^H|  '<!    j       metallic  handle  vriih  two  wira; « 

^^^^  at  I       attached   lo  the  art  *<:Tvw,B,wiim 

communicatea  with  one  atd  of  di^ 
:  the  other  communicates  with  Ik^ 
through  the  set  screw,  M,cooaai^ 
with  Ihe  msgnet.  aotl  ofooons  ■■ihH 
keeper,  whenever  it  is  in  contact  with  the  poles  of  the  nugiML  Wkajl 
keeper  is  npplied  to  the  magnetic  poles,  it  becomes  a  tna^^nei  (733);  ^U 
Beparatod,  it  returns  to  its  previous  state.  The  JDlenial  change  >1^4 
keeper  undergoes  in  acquiring  or  losing  polarity,  is  pmductiTe,  by  ii^ 
tion,  of  coiemporaueoua  curretils  in  the  coil.  The  resiliency  of  ■b'filjj 
izeil  matter  in  the  kceiKr,  when  It  is  suddonty  [tuf  on,  or  pulled  offfiv^M 
poles  of  tliB  magnet,  acta  like  that  of  a  galvanic  circuit  whea  nM^j 
opeoed  or  dosed  (Tlby  Hewse,  simaltaiieuisly  vritb  tho  i— wd.  ■  M 
Ration  and  a  spark  is  perceived  by  iKo  ci|«ralor,  who,  when  the  eiRri 
through  llic  magnet  Is  sus[«ndcd,  bocomi^s  lb*--  only  mciJium  ihrxi^  akd 
the  resilient  secondary  current  (770}  can  ]>iiss,  'ITio  current  (vssa  »■ 
the  case  to  the  right  hatid,  and  through  his  left,  and  the  wire  lotteote 
end  of  the  coil. 

643.  The  changes  of  the  relative  situation  of  the  keeper  aod  iBB|Vt.if 
which  the  current  within  the  coiled  wire  ia  excited,  and  arreted  ad  » 
versed  alternately,  were  much  facilitated  by  a  mechanism  crutnt?!  ^ 
Pixii,  of  Paris,  which  caused  the  rapid  rotation  of  a  mtgnet  aar  t>  i 
keeper,  surrounded  by  a  coi!  of  wire.  But,  by  Saxton,  an  oMiowJvt* 
rantagcous  improvement  was  made,  in  causing  the  keeper  to  ivrJ.\e  3- 
stead  of  the  magnet. 

843.  In  consequence  of  the  greater  rapidity  with  which  the  rrvfrsta 
the  positions  of  the  keeper  could  !«  accom|)liHhod  by  the  aid  .■!'  hsr.-ii  iX 
multiplying  wheels,  the  magneto -electric  ni.ichinc  thus  contrivrd  by  FHv: 
and  improved  by  Sa\lon,  not  only  produces  di'Ilocticus  in  the  iu'viii'.  u 
a  succession  of  sparks  which  seem  to  have  no  intermission,  but  lirva 
severe  shocks,  tho^nition  of  wire,  and  chnniccl  divonipusition. 

844.  If  Richie's  revolving  electro- magnet,  as  modiiicd  bv  Pace  ;-l\  i 
connected  with  a  galvanometer,  as  rejirestnted  in  tho  adju'inma  fiiurt,  o 
causing  the  axis  and  electro- magnet  which  it  supports  lo  nrtatc,  ii  fitt 
semi-revolution  in  the  needle  will  be  observed  a  deviation,  which  willaho 
nately  be  opposite  in  direction. 


845.  ThU  phenomenon  is  perfectly  analogous  to  that  to  which  attention 
ia  in  (be  next  place  to  be  given,  in  which  a  current  is  produced  at  every  al- 
•emUion  of  polnrity  of  an  iron  keeper,  consetiucnl  to  the  reversal  of  situn- 
tioD  relatively  to  a  permanent  magnet. 

Of  the  Magneto-tlfctric  Machine. 
849.  The  followini,'  /ii;iire  n  prcseriL*  Snxton's  magneto-electric  machine, 
am  well  conslructeiJ  by  Daniel  Davis,  jr.,  of  Boston. 


847.  A,  represents  the  armature  of  this  apparatus,  supported  on  an  axis, 
■o  Bs  to  be  as  near  as  possible  to  the  terminating  surfaces  of  the  legs  of  m 
oompound  magnet.  Of  lliis  axis  one  end  reacheit  bclwc^n  the  legs  parallel 
to  and  equidistant  from  them,  to  a  socket  in  the  arched  part.  The  other 
and  of  the  axis,  furnished  wiih  a  pulley,  terminates  in  another  socket  be- 
yond the  armature;  so  that,  by  means  of  a  wheel  and  band,  it  may  be  made 
to  rarolve  with  great  celerity. 

848.  The  iron  of  the  armature  forma  three  sides  of  a  rectangle.  On  tba 
two  opposite  sides,  2500  feet  of  copper  wire,  of  a  grain  to  the  inch  in 
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weight,  an  wound  so  as  to  involve  each  side  of  the  raetti 
coil. 

840.  It  has  already  been  rxplnineii,  ihtil  nn  nrmntuie 
by  iiiduclion,  so  long  as  it  i:^  npplird  to  its  iitagoct;  bui  thai  iH  fiif 
oeaaes  when  it  is  removed,  or  may  bo  ioduccd  in  llkc  oppCMM  «•*  bf  <■ 
reversal  of  its  position  relutively  lo  the  magnet  (733), 

660.  Now  Iheac  changes  all  easue  dtiring  fiwiy  ecm-rmim 
during  ihe  shilling  of  the  pularilies  a  corre«poni!iog  change  i*  io 
the  surrounding  coil,  er|uivalent  lo  what  is  cnlleil  an  etectnni 
The  coils,  when  their  ends  are  in  communicalion,  have  pradncc 
them  allernale  circuitous  discharges,  having  all  Ebe  attribute* of  ikxriill 
occur  within  the  active  galvanic  circuit. 

651.  The  process  is  the  converse  of  that  which  takn  pbce  ■  Kdin 
revolving  elect  ro-mag  net,  fig.  91.  In  that  apparatus,  alfrtwitioBfof  s^aa 
magnetic  polarities  arc  produced  by  altcmalions  in  the  direclimafnriv 
trical  current;  in  ihe  magncto-clcclric  machine,  alicmalioSB  of 
electrical  currents  are  produced  by  alternalions  ofopptimtB 


the  axis,  is  connected  with  one  of  the  extremities  of  (be  wira 
the  keeper,  the  other  end  of  this  wire  comrauntcates  with  obb  c^  th  M 
screws  of  the  board,  a  spring  of  metal  atlAcbed  to  an  uprighl  e  ' 
hrass,  plays  upon  the  teeth  of  llie  revolving  teotbnl  whod,  uti  n 
cales  with  the  other  set  screw.  Any  poriioD  of  the  nniinal  fnn 
made  to  complete  the  circuit  between  the  set  scrwws,  vill  rtwrt 
arising  from  a  resilient  current,  at  each  luicrruplion  of  the  circuit  osw^l* 
the  intermission  of  contact  between  the  spring  and  todb,  as  it  * 
one  tooth  to  the  other. 

853.  When  cylinders  of  copper,  soldered  to  the  ends  of  the  ceil  ■* 
rounding  the  keeper  of  a  powerful  magneto-electrical  tiMi/'hinfs  an  pt^ 
firmly  with  the  hands  previously  moistened,  the  most  pomrfltl  tms  *  * 
able  during  the  action  of  tlia  machine  to  relax  his  h-M,  lie  is  pLi.--]  i"  k 
mercy  of  the  operator  controlling  the  wheel  of  the  machine. 

854.  Experience  has  shown  that,  for  the  production  of  tbt  iWi.  J" 
wire  coiled  about  the  keeper  should  be  of  comporaiivety  grvat  infill,  m* 
fif\een  hundred  ket,  but  for  producing  ignition,  should  be  muchsimin.al 
not  more  than  eighty  feet  in  length.  The  propriety  of  makioe  thu  ^ir 
ence  of  length,  Mr.  Saxlon  assures  mc,  was  lirsl  sugpeaied  by  his. 

855.  Mr.  Clark,  of  Adgar  street,  near  the  Adelaide  Galtery,  Lmlm. 
applies  the  keeper  to  the  magnet  on  one  side,  near  ibe  vodf,  of  ihe  trp,» 
that  in  his  elect ro' magnetic  machine  the  mai^K't  is  vertical,  t^hrrraa  la  Hal- 
ton's  it  is  horizontal.  A  priori,  this  would  seem  to  promise  no  a  iia-i'»- 
and  yet  machines  thus  constructed  hnvc  proved  at  least  a*  pow-v:'ii!  '>  »'■ 
others.  The  only  advantage  ivliich  I  can  conceive  of,  as  rt-sulriti.;  :r  r.  " ' 
arrangement,  is,  that  the  movement  of  the  keeper  is  in  o  din<7iii>n  •■v^^i 
to  confirm  the  p(.ilnrity  of  the  steel  magnet. 

856.  The  magneto-clectric  machine  has  been  resori'-d  to  as  n  r^tn^'i'  ■■■ 
nervous,  rheumatic,  and  parnlviic  afleciions;  and  at  all  events  in]\  '-• 
use  as  a  mcdicina  mentis,  which  probably  will  do  no  haroi,  ■•vri  vft  c ; 
does  no  good.  It  has  a  great  advantage  over  common  elet.-(nt.-.Tl  m:''!''^ 
in  being  independent  of  the  weather,  and  is  preferable  to  vultaii:  appai*'-^ 
in  not  requiring  the  use  of  corrosive  liquids.  The  apparatus  may  I*  «.*■ 
ried  in  a  box,  without  detriment,  by  land,  as  well  aa  by  water. 


Magnet(helectnc  Electrolysis. 

857.  The  process  by  which  the  decom- 
position or  electrolyzation  of  water,  is  ac- 
complished by  the  currents  induced  by  a 
magneto-electric  machine,  may  be  under- 

tw  stood  from  the  annexed  engraving.    Two 

wires  proceeding  from  their  solderings  to 
the  set  screws  A  and  B,  may  be  observed 
to  reach  vertically  into  the  tnimpet-Bbaped 
orifice  of  the  tube  G,  which  is  situated  over 
them,  and  which  must  be  at  the  outset  re- 
plete with  water. 
858.  It  has  been  meotioned  that  to  ob- 
tain the  intensity  requisite  to  severe  shocks, 
the  circuit  is  abruptly  broken  by  a  toothed 
wheel,  while  otherwise  it  would  continue 
until  the  keeper  should  beofTof  the  mag- 
net. But  this  secondary  current  is  not  suffi- 
ciently enduring  to  be  competent  for  elec- 
trolysis. In  this  respect  it  resembles  dis- 
larges  of  statical  electricity.  Moreover,  the  current 
lould  not  alternate  in  direction,  as  this  would  render  it 
ipossible  to  obtain  the  different  elements  separately. 

859.  In  order  to  cause  the  electricity  to  flow  always 
the  same  direction,  a  pole  changer,  like  that  already 

jscribcd,  must  be  employed.  For  the  same  reason 
at  a  current  otherwise  uniform  in  its  course,  may  by 
:is  pole  changer  be  made  to  flow  alternately  in  opposite 
ays,  so  where  a  current  is  alternately  opposite,  the  pole 
langer  may  render  it  uniform  in  its  course.  The  change 
'  position  of  the  silver  segments  which  convey  the  cur- 
nls  to  the  set  screws,  to  which  the  electrodes  of  the  bat- 
ry  are  affixed,  and  the  change  in  the  direction  of  the  dis- 
larges  taking  place  simultaneously  at  every  semi-revolu- 
)n,  if  a  segment  begin  with  the  reception  of  a  positive 
scharge,  it  must  receive  the  same  at  the  end  of  a  half 
rn,  and  of  course  the  set  screw  with  which  it  communi- 
ites  and  any  conductors  thereto  attached.  All  this  is 
[ually  true  of  the  segment  which  receives  at  the  outset  a 
igative  discharge. 

860.  To  effect  the  collection  of  the  elements  of  water 
parately,  it  is  necessary  to  employ  two  tubes  O,  H^  one  of 
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the  wires  acting  as  electrodes,  being  introduced  intoi 
In  this  case  as  in  others,  the  ratio  of  the  Inilk  of  the  fc} 
gen  to  the  oxygen,  will  be  indicated  by  the  space  re 
lively  occupied  by  them.  Willi  a  good  machiue,  lor 
a  cubic  inch  of  a  mixture  of  both  gase^  may  requn 
tween  five  and  ten  minutes. 
p;,.M.  861-  By  the  primary  current  of  a  magneto- 
^  trie  machine,  various  saline  solutions  may  b 
composed.  For  this  purpose  a  tube  io  the  i 
of  the  letter  U  may  bo  employed,  figoie  1 
pledget  of  cotton  cloth  may   be   made  to  oc 

the  bend,  as  a  partition.     The  solution  occoj 

each  leg  of  the  tube  will  give  proof  of  its  decompcM 
by  uppropriate  tests.  Any  salt  with  a  metallic  n 
which  does  not  decompose  water  per  se,  will  depoei 
metal  on  the  negative  electrode.  Hence  this  prooeai 
be  employed  in  gilding  or  silvering  by  electrolysis. 


Improved  Magneto-elf ctric  Machine. 

863.  Since  the  preceding  descriptions  were  wriitcD,  I  htre  nonra 
Mr-  Uavts,  a  inagDcio-eleclric  mnchine,  upon  a  cooslructioD  which 
denlly  new,  and  of  which  Iho  cliects  nrc  very  cnergenic. 


863.  It  will  bo  percdvcd,  thai  in  Soxlon's  machine,  ?0,  tlie  te«»- 
soft  iron  bar  so  bent  as  lo  form  ihroc  sides  of  n  rectangle  A,  B,  C.  ct ' 
the  two  opposite  sides  B,  C,  may  be  desienatfd  as  legs.  Each  le^  is  enc' ' 
a  helix  of  covered  wire.  The  end  of  each  leg  is  acted  upiin  by  ocy  p 
a  compound  mngnct,  the  side  intermediate  between  the  leits  senes  o 
be  a  mean  of  communication  between  them,  having  no  ability  to  bo 
ihe'mapneto- inductive  intlueiice. 

864.  But  in  the  new  instrument,  n  second  compound  magnet  is  is 
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Eteke  the  place  of  the  inactive  part  of  the  rectangular  keeper;  so  that  two 
jf. compound  magnets  are  made  to  co-operate,  to  impart  an  opposite  polarity 
y.by  their  application,  at  four  extremities  of  two  bars,  instead  of  twoextremi- 
of  one,  equivalent  to  two,  usually  employed. 
865.  Of  course  each  of  the  iron  cylinders  which  takes  the  place  of  the 
i^iesi  of  a  rectangle  in  Saxton's  construction,  are  presented  to  poles  endowed 

inth  an  opposite  magnetic  power.     The  north  pole  of  the  lower  magnet  is 
,.thus  made  to  co-operate  with  the  south  pole  of  the  upper  one,  and  in  like 

manner  the  south  pole  of  the  upper  magnet  with  the  north  pole  of  the  lower 
'-magnet,  just  as  is  the  case  when  a  keeper  is  in  its  appropriate  place,  each 
..of  Its  ends  being  in  contact  with  one  of  the  poles  of  the  same  magnet,  the 
^^Uiflijeoce  of  these  has  a  concurrent  effect  in  producing  an  opposite  polarity 
.at  the  extremities  of  the  keeper. 

'  866.  Respecting  the  efficacy  of  this  machine,  the  following  is  the  sub- 
"-fltanoe  of  a  statement  in  a  letter  from  my  sagacious  and  much  esteemed 
:.firieod  and  pupil.  Dr.  W.  F.  Channing.  The  unmitigated  shocks  from  this 
.^machine  are  insupportable.  When  the  wires  which  break  the  sl^ks  are 
'  removed,  the  current  becomes  sufficiently  uniform  to  be  competent  ibr  elec- 
*  trolysis  or  imparting  magnetism  to  iron  included  in  a  long  helix  of  fine  wire 
'»  comprised  in  the  circuit  of  the  helices  of  the  machine.  When  sent  through 
:  a  circuit  of  a  mile,  the  current  from  this  machine,  was  found  abundantly 

competent  to  work  the  telegraph  of  Professor  Morse. 

Of  Ferrthdynamic  Induction. 

867.  I  venture  here  to  use  an  epithet  for  which  I  have 
no  authority,  so  far  as  respects  the  employment  of  the 
Latin  word  for  iron  to  designate  the  property  of  a  mass  of 
this  metal  to  heighten  the  inductive  influence  of  a  coil  by 
which  it  is  magnetized,  whenever  the  primary  current  is 
set  in  motion,  and  de-magnetized  when  this  current  is  ar- 
rested. 

Cf  CaUaiCs  Faradian  Apparatus,  and  Pagers  Callan  and  Faradiam 

Electrotame. 

668.  Instructed  by  the  observations  of  Faraday  above  alluded  to,  Profea- 
9or  Callan  constructed  a  very  powerful  apparatus,  by  surrounding  an  iron 
cylinder  with  two  coils  of  covered  wire,  one  within  the  other,  the  inner  coil 
being  coarse  and  short,  the  outer  one  long  and  slender.  When  the  inner 
coil  was  made  to  form  the  circuit  of  a  voltaic  battery,  the  other  was  found 
to  give  severe  shocks  or  brilliant  sparks,  at  the  moment  of  interrupting  the 
circuit. 

869.  Dr.  Charles  Page  has  contrived  several  instruntents  upon  the  same 
Faradian  principle.  One  of  these  is  extremely  interesting  and  ingenious, 
as  it  is  so  constructed  as  that  the  magnetic  attraction  of  the  included  iron, 
arising  from  the  influence  of  the  circuit,  attracts  a  lever  from  the  position 
in  which  it  forms  a  necessary  portion  of  the  circuit.  The  circuit  is  thus 
broken,  but  as  the  lever  falls  into  its  previous  position,  the  circuit  is  renewed. 
Each  time  that  the  removal  of  the  lever  takes  place,  a  shock  is  received  by 
a  person  duly  communicating  with  the  terminations  of  the  finer  wire ;  and 
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a  briUi&nt  spark  appears  as  oAen  as  tho  lever  quiu  rbe 
cury. 

Fig-Bi  870.  Tlwi.. 

_  to,  ia  reproacatMl  bj  tfcii 

iogrrguraSlt  Acoilrf 
covered  coppor  «ift  '» 
about  a  bundle  ufani^ 
iron  wires  like  kaiaaaft 
TIte  belli  Ifau*  i  ii  !■ 
surrouatfed  bjr  a  k&i  i 
covc?rcd  coppcf  wiiavi 
one  thouauw  fbel,  «f  «l 
ends  are  aolderad  toeif 
KrewB  inserled  into  ihe  base  board  on  (he  right.  Tbeas  mt  tocati 
atlaching  severally  one  end  of  each  of  iwo  wirrs,  having  a  fauA 
Tree  end.  One  of  the  ends  of  the  inner  coil  is  allached  untm mtm 
on  the  jughl,  while  the  other  end  of  this  coil  ia  aold-.-rvd  to  a  iMi 
which  Inures  the  coil  and  supports  the-  brass  CMp  B,  holdfatg  ■ 
The  cup  C  similarly  occupied,  is  coooectod  with  aootbtr  met  anaai 
ponding  to  A,  in  size  and  situation.  The  wire  W,  which  plajs  M 
zoDtal  axis  by  means  ofa  spur  and  its  right  hand  li--nninatii()ii,  oaaU 
conducting  communicalioa  between  the  cups  of  mercury  B  aadC^t 
ia  kept  down  by  its  own  unresisted  weight.  It  carries,  bowmvr,  a  { 
iron  at  the  left  extremity,  within  halfan  inch  uf  lb«  bondhi  oTcoaia 
As  soon  as  the  set  screws  on  lite  right,  nliich  communicate  wdli  lia 
coil,  are  made  to  receive  the  electrodes  ofu  golvDtiic  bailcry,  ihvli 
wire  acquires  an  intense  magnetic  power,  and  aitraciing  ibe  iroafl 
to  ihe  wire  beam  W,  lifts  Ihe  right  end  out  of  the  nx-rcurr  ia  tki 
This  breaks  the  circuit,  to  which  Ok  magnetic  altracliua  af  tbe  ed 
and  the  weight  of  the  wire  beam  no  longer  cnunieracied,  raintai 
back  to  its  primitive  situation.  The  mufineiism  is  thus  rrntuni,  i 
circuit  is  again  interrupted,  by  the  lifting  ofthe  end  of  the  wire  Luar,: 
the  surfaces  of  the  mercury  in  C.  These  alternations  an-  acCi-rr; 
with  surprising  rapidity,  a  brilliant  spark  being  given  as  otlcn  is  ti 
tact  with  the  mercury  is  broken.  Meanwhile  a  person  graspir.2  ll^ 
dies  attached  to  the  ends  of  the  smaller  coil,  will  receive  a  sh.>ck  i: 
breach  of  the  circuit,  through  the  coarser  coil.  The  shocks  th.is 
rienced  whh  an  apparatus  ofa  modcmie  strength  and  size,  »;"  ic 
very  severe. 

871.  Of  the  shocks  resulting  from  the  inductive  power  of  (w  r 
upon  another,  an  account  has  )>cen  given.  In  that  case,  it  st-cmrr!  s: 
eflcct  of  a  larger  coil  upon  a  smaller  one,  is  to  cause  a  degriv  of  i 
polarity  commensurate  with  the  weight  and  length  of  the  indix-ne 
but  that  in  the  discharge  of  this  polarity,  the  intensity  was  invvrs^:i 
sectional  area  ofthe  wire  forming  the  coil. 

872.  But  in  the  secondary  current  prodiice<l  in  Callaii's  af^ara 
Page's  modification  of  it,  uhich  I  have  l>een  describing,  we  hat^  sii 
the  reaction  of  all  the  electro- polarity  of  the  ooil,  on  nddjtionnl  vr." 
that  of  the  magnetic  polarity  of  the  iron.  The  iron  in  thi'  elect rx.r 
dergoes  the  same  magnetic  change  as  that  in  the  arnintiire  of  ihc  m 
electric  machine,  although  from  a  diflercnt  cause.  In  the  one  ca«"' 
dvcet  a  current,  in  the  other  it  merely  promotet  a  current,  whicb 
exist  independently  of  its  aid. 


n 
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Decomposition  aided  by  the  Influence  of  the  Resiliating  Cur- 

rent  of  an  Electroiome. 

873.  M.  De  la  Rive  has  devised  an  apparatus  which  he 
terms  "  Condensature  Voltaique."  It  comprises  a  small 
bar  of  iron,  on  which  is  closely  wound  thick  copper  wire, 
covered  with  silk.  Through  this  wire  the  current  of  a  single 
voltaic  pair  is  made  to  circulate,  while  by  means  of  a  little 
electro-magnetic  apparatus  acting  like  Page's  electrotome 
above  described,  the  circuit  of  the  current  is  broken  and 
reversed.  An  apparatus  for  the  decomposition  of  water 
being  included  in  the  circuit,  it  is  found  that  the  electroly- 
tic effect  of  the  voltaic  pair  employed  is  nearly  doubled; 
while  a  bright  light  is  afforded  by  interposed  charcoal 
points.  The  voltaic  condensor  succeeds  well  only  with  a 
battery  on  which  two  electrolytes  are  used,  as  in  those  of 
Daniell,  or  Grove.  For  its  success  it  is  necessary  that 
two  chemical  actions  be  going  on  at  once  within  the  vol- 
taic pair  employed  with  it.  The  wire  wound  around  the 
bar  should  also  be  large  in  diameter,  and  of  moderate 
length.  The  action  of  the  apparatus  is  referred,  by  its  in- 
ventor, to  the  depolarization  of  the  platinum  electrodes  in 
the  decomposing  cell.  Since  its  introduction  into  the  cir- 
cuit, however,  produces  precisely  the  same  effect  as  would 
result  from  an  addition  to  the  number  of  pairs,  a  part  at 
least  of  its  efficacy  must  be  referred  to  the  efficiency  of 
the  iron  as  a  reservoir  of  the  polarity  of  which  the  re- 
siliating discharge  ("775)  takes  place,  with  a  velocity 
greater  than  that  with  which  it  is  accumulated. 

Pagers  Apparatus  far  Regulating  the  Energy  of  the  Renliating  Shocks 

of  a  MagnetO'Electrotomic  Apparatus. 

874.  The  great  power  of  iron  in  increasing  the  capacity  of  a  coil,  upon 
Gallants  construction,  to  give  shocks,  is  beautifully  illustrated  by  an  appa- 
ratus made  by  Davies,  under  the  direction  of  Doctor  Page.  Agreeably  to 
the  construction  of  this  apparatus,  two  different  coils,  one  of  fine,  the  other 
of  coarse  wire  of  Cailan's  apparatus  are  separable.  Figure  92,  represents 
the  instrument  in  question,  as  when  the  parts  are  duly  associated.  In 
figure  93,  it  appears  as  when  the  coils  have  been  taken  apart.  The  ex- 
ternal helix,  a,  is  formed  of  fine  covered  copper  wire,  not  being  less  than 
one  thousand  feet  in  length.  The  ends  of  this  coil  are  soldered  severally 
to  the  set  screws  C,  D.  The  inner  coil  consists  of  not  less  than  three 
strands  of  coarse  copper  wire.  The  ends  of  these  strands,  which  termi- 
nate in  the  same  direction,  are  soldered  all  to  the  set  screw  A,  on  the 
base  board.    The  other  ends  of  the  three  strands  are  soldered  to  the  serrated 
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-iwi  bnr  B:  when 
EiiiuQicJ  ouc  withia  the  utter,  m 
ligura  03,  on  Mibjtictiiig  tht 
cotla  to  a  galvanic  cunOK  bf  i 
taching  one  of  die  t"  '  "" 
BCl  screw,  ihe  other 
in  contact  wilh  B,  oa  dn«iiif 
end  of  ttie  wire,  forming  tt*  dl 
trade,  over  tbe  teeth  of  ae  jMM 
bar.  a  brilliant  spark  uill  lemil 
lliu  wire  leaps  from  ono  aajxri:'  1 
the  other.  If,  during  thi*  pr»M 
wires  with  mplallio  liandin  be  M 
lacbed  severally  at  C  and  D.  i  J« 
n  liolding  the  handles  will  ncn> 
•  every  spark  a  perequiUe  Jw* 
le  addition  of  a  single  wir*  li* 
j  kQlUingneedlcwillincreosctlKibae 
sensibly,  and  by  the  further  aiiiJw 
of  such  wires  the  shock  will  be  greatly  increased,  so  that  if  ihe  gaSji' 
battery  employed  lias  only  a  square  foot  of  zinc  surface,  the  senMi.'  n  :< 
comes  such  as  few  arc  willing  to  bi'ar.  A  rod  of  iron  is  not  quite  *•■>  rif^T 
cious  as  iho  bundle  of  wires  of  eijual  size.  The  inductive  influence  "f :; 
wires  is  not  inlerceplcd  by  their  inclusion  in  a  glass  tube,  but  is  mu.'h  ir 
paired  by  inclusion  in  a  brass  tube,  in  consof|uence  of  its  difTu^ivt-  x-'** 
lowering  the  intensity.  This  is  consistent  with  the  expcrimenis  'IT'  {Inr 
with  flat  coils  (799).  The  brass  lube,  like  the  mclallic  sheets,  iunrpose* 
closed  and  perfectly  conducting  circuit.* 


yed  l>y  Rat 
ritb  the  bi 


aient  form  fnr  Ihe  application- of  thnsp  (hocks  u  a  rv TordiiJ  u*: 
Lie  II&,  by  which  tho  mixle  ofopcratin^  ii  fuUy  illDilntvJ  i\ 
itt«ry  19  eitabliihed  b;  means  of  the  win  rvachiag  (rooi  lib*  * 
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Qf  Tkermo-Electricily. 

875.  When  the  needle  of  a  galvanometer  is  deflected  by 
the  proximity  of  any  body  or  sut  of  bodies,  of  which  differ- 
ent portions  are  of  diiferenl  temperatures,  the  phenomenon 
is  ascribed  to  a  thermo-electric  current  in  contradistinction 

^  to  those  produced  by  galvanic  apparatus.  These  have 
1  been  distinguished  by  some  electricians  as  hydro-electric 
currents,  as  in  the  necessity  of  water  to  their  existence, 
J  they  differ  most  pointedly  from  the  currents  above  men- 
\  tioned,  which  owe  their  activity  to  dry  heat. 

876.  A  thermo-electric  current  resembles  a  galvanic 
current  of  great  quantity,  but  as  to  intensity  extremely 
feeble.  Other  things  being  equal,  a  thermo-electric  cur- 
rent flows  from  the  hotter  to  the  cooler  portion  of  the 
mass.  For  the  advantageous  exhibition  of  this  property, 
the  bodies  employed  should  have  a  great  length  in  propor- 
tion to  their  other  dimensions,  as  in  wires  or  prisms.    If 

,  the  prisms  of  two  heterogeneous  metals  have  a  conducting 
communication  with  each  other  between  an  extremity  of 
each,  while  the  other  ends  are  in  contact,  or  united  by  a 

.    alight  soldering,  on  heating  the  ends  associated  as  last 

•eraw  on  the  bK«e  board  tn  ons  on  iho  baltery,  while  from  the  other  on  thg  bittepr, 
k  wire  proceeds  Ihrnu^rh  the  cnil  of  an  eleclro-inignet  to  k  eet  Kraw  oonnectod  with 
the  couM  inner  coil  of  the  electmtome. 


Tbfl  interruptioni  nf  (he  circuit  are  efleeted  by  ai 
Pafe'a  pola  chini[«r  (7(i(l),  in  revolving  reveries  at  ererr  half  turn  tl 
Ibe  current  and  the   polarity  of  the  elcctro-niagnel,  which  cauaci  ita  motinn.     Aoj 
part  of  the  human  body,  the  ami  for  tnatance,  na  repreacnied  in  the  figure,  irhen 

impteting  the  circoit  of  the  outer  coil,   will  be  aabjeclcd  to  reiiliatiog  (hocka. 

"  ■    ivolutioQ,  the  ahocka  are  ir-- 


AlthoDsb,  la  theae  occar  at  everj  aemi-revalution,  U 
than  wnon  the  ■smlsd  itMl  bu  u  etnplojred,  the<r  u 
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menlioned,  a  current  ensues  from  one  meta]  to  I 
through  the  juncture.    The  current  flows  aJwayii 
way,  when  the  same  metals  are  employed.    Tlie  tat 
which  the  current  flows  is  said  to  be  poi*itive  to  the  Q 
It  should  be  called  Ihermo-posiiive,  and  those  i "' " 
relatively  negative  thermo-negative. 

877.  The  reaction  in  this  respect  is  of  course  c 
with  that  established  in  respect  to  metaU  eaiplo^l 
analogous  galvanic  processes.  As  tlic  current  iaa| 
vanic  triad  is  stronger  in  proportion  as  there  ii  i 
discordancy  in  the  relation  of  the  metais  cmploTOl 
thermomelric  apparatus  there  seems  to  be  a  series,  iawMi 
each  metal  is  positive  as  respects  all  that  follow,  udM 
gative,  as  respects  all  that  precede  it.  Heretofore  lnM| 
was  deemed  the  most  thermo- positive,  anliinony  thcH^ 
thermo-negative  of  the  metals,  and  heocc,  until  lately.  4^ 
most  efticient  thermo-electric  batteries  were  made  of  \m 
muth  and  antimony.  Recently,  however,  German  silill 
has  been  found  nearly  as  thermo-positire  as  blsniulKlri 
is  preferable  from  not  being  so  exceedingly  fusible  Ifi 
fusibility  limited  the  deflection  of  a  needle,  subjected  Ml 
current  produced  witli  a  pile  of  bismuth  and  aDlioKiBr,! 
82";  while  German  silver  with  antimony  caused  a  dpM 
tion  of  88°.  German  silver,  however,  while  produdas  ri| 
antimony  a  deflection  of  88°,  produced  under  like  arra* 
stances  a  deflection  of  85°  with  silver,  bras?,  iron.  pall»- 
dium,  copper  or  cadmium;  being  positive  to  all  of  tb«Si 
With  zinc  it  produced  a  deviation  of  84°. 

878.  It  has  been  shown  by  Nobili,  that  cylinders  of  cbl 
partially  baked,  are  capable  of  yielding  thermo-electnc 
currents. 

879.  As  in  the  case  of  a  galvanic  circuit,  a  diversilr.  ■ 
the  surfaces  of  the  same  metal  or  in  the  Hquids  to  whicfc 
it  may  be  exposed,  will  enable  it  to  act  as  two  melals.wt 
to  give  a  current  from  one  to  the  other ;  even  partah 
twisting  a  wire,  will  cause  the  twisted  portion  lo  actu 
the  negative  metal,  heat  being  applied  at  a  certain  S^ 
tancc  from  the  twist. 

880.  In  all  cases  where  thermo-electric  rurrcats  arecM' 
cerncd,  no  less  than  where  those  of  galvanism  prevail.  Ai 
circuit  must  be  completed  ip  order  to  have  a  current. 

881.  It  does  not  appear  that  there  is  any  connexioo  fct 
twcen  the  thermo-electric,  and  galvano-etectric  relatioiitf 
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F.  metals,  and  those  which  exist  between  them  as  respects 
r«>  weight,  specific  gravity  or  conduction  either  of  heat,  or 
;.  electricity.  As  heretofore  combinations  of  antimony  and 
:  bismuth  were  found  most  efficacious,  the  one  being  pre- 
:   eminently  positive,  the  other  pre-eminently  negative,  the 

idea  arose  that  these  metals  might  be  indebted  for  this 
:  superiority  to  their  eminently  crystalline  structure ;  but  it 
.  has  been  found  that  German  silver,  with  antimony,  is  more 
-  powerfully  positive  than  bismuth  is  with  that  metal,  al- 
.    though  German  silver  is  a  malleable  metal,  of  which  the 

structure  is  not  remarkably  crystalline. 

882.  For  the  following  table  we  are  indebted  to  Gum- 
ming, one  of  the  most  distinguished  among  the  cultivators 
of  this  branch  of  science. 

Thermo-electric 
•eriei. 

Galena 

Bismuth 

Crerman  silver 

Mercury  } 

Nickel     S 

Platinum 

Palladium 

Cobalt  } 

Manganese  5 

Tin 

Lead 

Brass 

Rhodium 

Gold 

Copper 

Silver 

Zinc 

Cadmium 

Charcoal   ) 

Plumbago  { 

Antimony 

883.  If  to  a  platina  wire  which  has  been  twisted  about 
the  middle,  a  flame  be  apphed  at  some  distance  on  one  side 
of  the  twist,  the  ends  of  the  wire  being  previously  made  to 
communicate  through  a  galvanometer,  the  needle  will  indi- 
cate that  a  current  flows  from  the  heated  part  towards  the 
twist.  This  is  ascribed  to  the  twisted  part  being  cooler 
than  the  untwisted  portion  of  the  wire  equidistant  from 
the  flame  in  consequence  of  a  diminution  of  conducting 
power  caused  by  the  derangement  of  the  metallic  fibres 
during  the  torsion. 


Hydro-electric 
■eriei. 

Potassium 

Seriei  of  condactora, 
of  Electricity.            of  Heat. 
Silver                Silver 

Barium 
Zinc 

Copper 
Lead 

Gold 
Tin 

Cadmium 
Tin 

Gold  ^ 
Brass  > 

Copper 
Platinum 

Iron 

Zinc   S 

Iron 

Bismuth 

Tin 

Lead 

Antimony 
Lead 

Platinum 
Palladium 

Copper 
Silver 

Iron 

Palladium 

Tellurium 

Gold 

Charcoal 

Platinum 

Indium 

Rhodium 
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like  manner  be  aficcted,! 
similarly  communicating  witli  a  galvanomclrical  i 
divided  in  the  iniddk-,  tlicn  each  end  twisted,  and 
the  twisted  ends,  afler  beinff  inndc  red  hoi,  broi^ 
contact  with  tlio  other.  Similar  results  though  Mklf 
may  be  obtained  by  means  of  copper  and  silrer  wm} 
That  these  eifects  do  not  dL'|«nd  on  cheniicnl  reaction  «ii' 
the  atmospheric  oxygen,  has  been  ascertained  by  iW 
succeeding  under  pure  oil.  J 

885.  If  one-hall  of  a  ring  or  rectangle,  consisting  cithf 
of  bismuth  or  antimony,  be  heated,  while  the  other  half  ii 
kept  cool  by  ice,  a  current  will  be  excited  suiBcieni  lorf 
feet  a  needle,  although  no  coil  be  employed  lo  heighten  i 
influence.  ' 

1 


836.  Let  one  end  of  n  wire  of  Gennau  silver  (i.  be  braaed  loa«a| 
of  a  brass  wire  B,  on  healing  the  junctura  onJ  making  n  iiiiiuiiuauM 
bet»-oen  iheir  other  Iwo  ends  by  n  third  wire,  n  tnngnciic  nmlteAilyw 
plied  will  be  afiected,  asifa  galvano-electriccurrent  of  frrWn  inmalyifl 
circulaciag  in  ihc  circuit  thiis  formed,  l^e  deviation  of  ibc  iictidb  ■  ^ 
aa  to  indicate  thai  the  thermo-eleclric  current  thus  ioduccd,  llo«»ftMl|jC 
wire  of  German  silver  lo  the  brass  wire.  'M 


g  figure,  ai 


887.  In  the  precedi 
a  bar  of  antimony,  cxacilv  ali 
as  communicatiriiT,  ol  one  end,  ^ 
galvanometer.  Their  other  end: 
a  lamp.  Under  these 
deflected.  Of  course  the  arrowj 
the  thermo-posilive  melal,  to  that 

888.  Figure  97,  represents  a 
and  brass  wire,  arrangf;d  in  two 
voltaic  order.     It  is  sulficient 


bar  of  bismuth  is  rcprwented.  K  4 
)  lo  dimensions.  Each  is  repiwaa^ 
one  of  the  terminations  of  the  wutii" 
.while  touching,  us[iosed  ioihefl»n»* 
the  needle  of  the  gal\ anomcter  •li!^ 
idicate  the  current  to  take  pi  a «,  free 
ich  is  comparatively  ibermo-w^gaii**- 
ries  of  eleven  pairs  nf  GerniaD  srive 
vs,  and  soldered  as  above  desenW  4 
cool  the  junctures  on  cither  siJf  s 


produce  a  current  compelenl  to  deflect  the  needle  of  a  galvanoscopc,  wJ 
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h  il  is  made  lo  communicate  as  represented  by  figure  96.  Even  the 
(irilio  !):md  is  siifRcient  lo  cnuse  the  needle  exposed  to  ibe  consequent 
^nl  lo  di^viatc  lo  a  perceptible  exienL 

tfruction  of  a  Thermo-eUclric  Pile  of  Bimtith  and  AtUivumy,  tUut- 
Iraled  by  an  Engraving. 
mber  of  bars  of  bismuth  and  antintony,  exactly  similar 
I,  be  bundled  together,  paper  beins  Jnterpooed  between 
13  to  avoid  mclullic  contact.     Let  the  neighbouring 
s  bars  thus  associated  be  alternately  soldered,  and 
I  any  bar  will  have  only  oi 
0  than  one  end  to  any  o 


solderina  at  each 
The  order 


^9.  Ia'I  any  r 

I  their  ■■ 

lateral  surfaces, 

of  the  lieterogei! 
nalcly  left  free,  i 

and  not  be  soldered  a 

hich  the  bars  must  be  united  id  exemplified  in  figure  B7.     The  bars 

connected,  will  form  one  continuous  metallic  conductor,  consisting 
nately  of  bismuth  and  antimony,  so  that  on  taking  the  whole  into  a  gal- 
:  circuit,  all  lateral  discharge  Ijeing  prcventtxl  by  the  paper,  the  current 
ring  by  a  bar  of  bismuth,  would  proceed  through  a  bar  of  antimony, 

through  a  bar  of  bismuth,  and  so  on  coming  out  finally  through  a  bar 
iitimony.     ""  '  -     -        .  


d,  nliernt 


!s  are  in  fact  alternated  like  those  of  the  ci 
;<'piing  thai  the  fluid,  instead  of  being  alternately  conducted  by 
tely  transmitted  conveclivcly  through  an  interposed  liquid,  is 
n  bar  to  bar,  wholly  through  the  alternate  metallic  junctures. 
:Pti.  I  no  mctnls  thus  associated,  exercise,  whentbeirallernale  solderings 
at  ditferent  lorn pe rain  res,  an  electro-mot ivo  power  due  altogether  to 
■  contact;  so  that  the  conlact  theory  of  Volla,  however  incompetent  to 
uot  for  the  powers  of  his  pile,  seems  to  be  somewhat  applicable  in  the 
^se  of  the  thermo-electric  scries.  It  is  not  pretended,  that  in  the  case 
he  apparatus  last  mentioned,  any  chemical  combination  takes  place, 
ss  the  successive  possage  of  heat  from  particle  to  particle  be  considered 
arranting  such  an  idea. 

nt.w.  691.  By  figure  S8,  a  thermo-electric  battery  is 

represented,  consisting  of  sixty-ihree  pairs  of  bars  of 
b  and  antimony,  each  three  inches  in  longlh, 
three-fourths  of  an  inch  in  breadth,  and  one-fourth 
of  an  inch  in  thickness,  of  course  the  bars  nre  sol- 
dered to  each  other  alternalely,  as  above  described, 
so  as  to  be  armngcd  in  a  series  in  voltaic  order. 
They  are  insulated  and  secured  by  plaster  of  Paris, 
copper  case,  B,  having  above  them,  a  space  for  receiving  ice,  and  below 
her  so  situated  as  to  be  exposed  to  an  appropriate  cost  iron  plate,  pre- 
sly  heated  to  redness. 

tP'i.  Two  set  screws  for  attaching  wires  are  represented  externally,  each 
-hich  ia  made  to  communicate  with  one  pole  of  the  battery.  The  energy 
be  current  is  in  proportion  to  the  dit!crence  of  temperature,  created  in 


.? 
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du»e  «oli]BringB  of  tho  faan.  which  am  in  Ibe  diflfereot 
die  which  they  form  coMccUvcly,  by  the  njvplicution  at  beat  ■!  tae 
and  cold  al  the  olher  surraco.  Of  coureo  the  gir-alcal  power  - 
applyiDg  ico  or  a  cold  mUlure  to  the  solderlngs  at  oao  of  tim  wifMHi 
DC  the  other  ns  much  hoal  as  bistnulh  will  Scar  from  a  hot  imn  vvtM 
sion.  A  sofics  ihiia  uoii.il ruclod,  caused  Iho  cIociro.tnngiKft  oC  RirJr'i», 
pnrnlus  to  revolve  rajttdly.  A  serrated  bar  19  atiacJwid  U>  ibe  fiun  4f ■ 
cnEu,  and  is  connected  with  one  of  the  iiojcs  of  the  pile.  Whra  a  «i^# 
which  one  end  is  nflixed  lo  a  sel  screw  stdderctl  to  ihn  otbrr  pnle,  '  "  *" 
free  end  drawn  over  the  leelh  ofthe  scrraled  bur,  sparks 

Of  Melloni't  Thcrmo-multiplier. 
8D3.  By  means  ota  thermoelectric  scries  nnalc^oua  to  tlatl 
by  the  preceding  figurc,  associated  with  nn  rxtromcly  a 
ler,  Meiloni  contrived  a  lliermoscopic  oppnrolua,  motff  cafMiUttgf  A 
luinule  differences  of  tom[)cralurc  than  any  bclbro  kaonrD. 
means  of  making  those  interesting  discoveries,  of  the  diflbron 
meabilily  of  bodies  lo  the  rays  of  licat  and  li);hl.  lo  whicli  1 
made  under  the  head  of  caloric  (C,  300).     It  has  bven  oaed  (o  ■ 
the  temperature  of  insects  and  various  parts  ofthe  a 


694.  The  scries  empIoye<l  by  MclIoni,  consisted  of  fiiiv  pairs,  about  u 
inch  and  a  fifth  in  length,  and  iho  mKoIo  forming  a  bundle  of  liiile  our  a 
inch  in  diameter.  It  was  included  in  a  cylindrical  brnss  case,  between  "iri 
and  the  bars,  no  metallic  contact  was  permitted.  Wires  proceeding  \ntt 
the  cxiremitics  of  iho  series  were  made  to  communicate  with  set  scivwi  i.t. 
insulated  from  ihc  brass  case  by  ivory. 

895.  The  mode  in  which  this  thermascopic  apparatus  was  em  piny  ed.  my 
be  understood  from  the  preceding  figure.  The  heat  of  ibe  copper  i-j't>K 
d,  received  from  the  lamp  /,  reaches  one  side  nf  ihe  thermo-electric  «■:«« 
through  a  hole  in  ilie  screen  s.  The  other  not  being  exgiosed  lo  the  in!ljew« 
of  any  hot  body.  Under  these  circumslanccs  a  thermo-electric  cotr^'ni  v 
produced  through  the  coil  of  the  galvanometer,  which  by  the  aitachm^o:  ;> 
its  ends  to  the  set  screws  b,  I,  is  made  to  complele  tlie'cirt:uit  lie:»T«i  ti 
poles  of  Ihe  thermo-electric  scries. 

890.  It  is  inferred  that  the  difference  of  lemperat  ure,  cn-ated  by  ibr  radoa 
heat  renehing  the  surface  of  ihe  scrJa'*  exposed  thereto,  will  bcasibequanifl' 
of  electricity,  and  that  as  the  dcflcclions  of  the  galvanometer  n 
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electricity,  they  must  also  be  an  index  of  the  degree  of  heat  applied  at  the 
appropriate  surface  of  the  thermo-electric  series.  Melloni  alleges,  that  this 
correspondence  between  the  heat  applied,  and  the  deflections,  has  been 
ascertained  to  exist.* 

The  Converse  of  the  Thermo-electric  Process. 

^»«  1^-  _  897.  The  object  of  figure  100,  is  to 

represent  a  thermo-electric  apparatus,  in 
which  the  phenomena  are  the  inverse  of 
those  produced  by  the  thermo-electric 
batteries,  describe  in  the  preceding 
pages.  In  those  a  current  of  electricity 
is  the  consequence  of  a  diversity  of  tem- 
perature ;  in  the  apparatus  in  question  a 
diversity  of  temperature  is  the  conse- 
quence of  an  electric  current.  The  let- 
ter A,  indicates  a  bar  of  antimony  so  situated  between  two  bars  of  bismuth 
B,  B,  as  to  have  its  right  end  soldered  to  one,  the  left  end  to  the  oihef  of 
these  bars.  Thus  the  three  bars,  form  one  metallic  prism,  uniform  as  to 
shape,  though  heterogeneous  as  to  the  materials,  which  rests  horizontally 
upon  a  frame  as  represented  in  the  figure.  At  each  soldering  a  little  coo- 
cavity  is  made  sufi^cient  to  hold  a  small  quantity  of  water,  and  to  receive 
the  bulbs  of  the  two  air  thermometers  F  and  T.  The  water  seizes  to  fa- 
cilitate the  conduction  of  heat  from  the  metal  to  the  glass  bulbs.  The  prism 
formed  as  described,  of  bismuth  and  antimony,  being  made  the  channel  of  a 
galvanic  current,  in  the  direction  indicated  by  the  arrows,  from  B  through 
A  to  B,  at  the  soldering  of  A  to  B,  cold  is  produced  and  made  evident  by 
the  thermometer  T.  Meanwhile  on  inspecting  the  other  thermometer,  it 
will  be  seen  that  heat  is  produced  at  the  other  soldering.  By  reversing  the 
direction  of  the  current,  the  effect  on  the  thermometer  will  be  reversed. 

898.  The  extent  of  the  elevation  above  the  previous  temperature  is 
greater  than  the  depression.  This  is  ascribed  to  a  small  degree  of  heat, 
which  the  electric  current  causes,  and  which  of  course  adds  to  the  heat  on 
one  side,  and  lessens  the  cold  on  the  other. 

On  Terrestrial  Magnetism. 

899.  The  thermo-electric  branch  of  science  has  a  pre- 
eminent importance  from  the  light  which  it  has  thrown 

*  The  following  are  the  dimensions  of  the  galvanometer  or  thenno-nmltiplier  of 
Melloni  and  Nobifi,  associated  with  the  thcrmoscopic  apparatus  as  stated  by  Bequerel. 

The  wire  is  of  copper  doubly  wound  with  silk,  and  of  about  three*nundredths 
of  an' inch  in  diameter.  It  makes  150  circumvolutions  around  a  frame  of  about  two 
inches  square,  and  one-fourth  of  an  inch  in  height.  The  needles  are  a  httle  short  of 
two  inches  in  length. 

It  will  be  perceived  that  there  are  two  needles  associated  so  as  to  form  what  is 
called  an  astatic  needle.  They  are  suspended  by  a  single  cocoon  filament.  In  the 
apparatus  as  described  by  Bequerel,  the  cocoon  is  attached  at  the  upper  extremity  to  a 
swivel,asinthetor8ionelectrometer  of  Coulomb,  (C,  13(3,)  and  the  frame  may  be  made 
to  rotate  by  means  of  a  toothed  wheel  and  pinion  so  as  to  adjust  the  needle  to  zero, 
of  the  graduated  arch  of  ninety  degrees,  by  which  the  deflections  are  measured. 
There  is  also  a  contrivance  for  lowering  the  needles  so  as  la  rest  on  the  frame  on 
which  the  wire  is  wound.  When  thus  situated  if  it  be  desired  to  transport  the  in- 
stmment  from  one  place  to  another,  the  needles  are  bound  fast  to  the  surface  of  the 
frame  by  a  silk  ribbon.  The  apparatus  is  included  in  a  bell  glass  to  protect  it  from 
being  agitated  by  blasts  of  air,  or  soiled  by  dost 
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on  tlie  nature  and  causes  of  ihe  all-importanl  | 
the  eartli.    This  ia  now  ascribed  to  tlie  saccei 
ence  of  the  solitr  rays  upon  the  tetnperulure  < 
causing  a  perpetual  thermo-electric   curreut  frotn  i 
west. 

900.  It  is  by  the  reaction  of  its  poles  with  this  ten* 
trial  thermo-electric  current,  whirh    (lows   pamlk  ' 
equator,  that  the  compass  needle  i?  made  to  arrange  t 
at  right  angles  to  that  current,  and   thus  to  assomei 
rection  nearly  coincident  with  that  of  the  mcridkui. 


ltd  to  « 
aogeinj 

ukui.        j 


senting  the  earth.  A  mnatictic  needle  is  representaj  id  ihe  ;«Mi6a 
which  it  would  arrange  itsi-'lf  by  renclion  with  ihc  curreni  in  ilie  finU 
902.  The  appanittis  repretacnttti  bv  r. 


101,  ; 


illust 


a  the  r 


mngnelism  of  llie  enrth,  c 
current,  produced  within 
soldered  at  its  two  ends 
silver.  The  arch  is  poise<i  upon  a  pit.-~- »: 
top  ol"  the  pillar  at  A,  which  the  nn'tiK-p- 
The  lump,  W,  being  situated  as  in  tb?  r.,' 
the  nppnratus  must  be  so  ptuccii,  that  a  . 
pnssini,'  ihrou^'h  the  centre  of  the  flame  :■<- 
of  (he  pillar,  will  be  directed  frnm  wi-s:  ;,■!• 
Then,  when  the  flnmc  is  applie<i  to  ibc  jj 
ture  of  the  arched  wire  with  the  rinc.  a  r 
rent  will  (low  fmni  the  juncture,  nndot'c-* 
from  west  to  east  through  the  arch.  A- 
th   thai  ol"  the  rar' 


this  discordnn( 

juncture  of  the  arch  nnil  r 


«Illc 


e  the  tt 


nidod,     Rui  ft  semi-revokilion~brini;ine  tW-  c 
^.       D  the  flame,  a  current  through  the  i 
from  west  to  east  is  agnin  induced,  producing  another  scmi-rrroIutioD. 
course  this  process  will  be  repeated  aa  long  as  the  flame  is  applied. 
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r.  003.  Another  illuatraIi(Hi  of  the  efficacy  of  thermo-electric  cunmti,  ia 
,,  aflorded  by  their  displaying  an  analt^us  reaction  with  a  permanent  steel 
'  nugnet  to  that  which  has  been  shown  to  exist  bclwrca  such  a  magnet  end 
~  the  currents  created  by  galvanism,  in  the  experiment  designated  as  that  of 
':  Ampere's  rotating  battery  (757). 

J..    j(,j  904.  The  frames  of  wire  in  the  rectangular  form, 

supported  on  ihe  jaws  of  the  permanent  steel  (J  mag- 
net, as  represented  in  ihc  adjoining  figure,  may  coit- 
siiil  of  .silver  in  rings  and  plutinum  rectangles,  or  the 
rectangles  may  be  of  silver,  and  the  rings  of  German 
silver.  When  the  junctures  of  these  frames  are  sub- 
jected to  a  flume  as  represented  in  the  engraving,  elec- 
tric currents  arc  made  to  tlow  in  each  from  the  heated 
juncture,  through  the  silver  wire,  to  the  other  junc- 
ture. The  currents,  thus  incited,  conflicting  with  the 
polar  influence  of  the  magnet,  endeavour  to  arrange 
themselves  so  as  to  escape  from  conflict.  But  the  only 
motion  which  the  suspension  will  permit,  ia  that  of  n>. 
tation,  which,  by  bringing  a  juncture  into  the  flame  at 
every  quarter  revolution, causes  the  eflbrt  forachange 
of  position  to  be  repeated  as  often.  Hence  the  fnunea 
revolve  as  long  as  the  flame  is  applied.  ^ 


Eketro-magnelM  revolving  under  the  Ii^luenee  v^  Terrettrial  Themo- 
electric  Currents, 

005.  ll  has  been  shown,  that  an  electro- 
magnet, situated  on  an  axis,  and  subjected  to 
the  polar  influei>ce  of  another  magnet,  will 
strive  to  arrange  itself  so  as  to  bring  opposite 
poles  into  proximity;  but  that  if  the  current  to 
which  it  is  indebted  for  its  magnetism  be,  from 
the  construction,  hable  to  be  reversed  by  a  pole 
changer  at  every  semi- revolution,  a  rotary  mo- 
tion will  ensue.  Two  instruments  have  been 
consinicled,  in  which  terrestrial  polarity  ia 
made  to  lake  Ihe  place  of  an  artificial  magnet^ 
or  an  electrical  current.  One  of  these  re- 
volves in  a  horizontal  plane,  [he  other  in  a 
vertical  plane;  the  latter  having  the  same  re- 
lation to  the  dipping  needle  that  the  former 

has  to  the  compass  needle.     The  instrument  which  revolves  vertically,  ia 

represented  by  figure  104. 

Of  the  Electro-magnetic  Telegraph. 
906-  Though  the  attempts  which  have  been  made  to 
employ  electro-magnetism,  as  a  moving  power,  have  hith- 
erto failed,  yet  another  important  application  of  this  agent 
has  been  made  within  a  few  years,  in  our  own  country,  by 


^ 
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Prof.  Morse,  and  in  England  by  Messrs.  Barrit  and  C 
and  Prof.  Wheatatone.  With  ihc  telegraph  of  T 
wliicli  has  been  the  medium  of  commutucatioo  I 
the  cities  of  Baltimore  and  Wat^hiiii^turi,  the  paUi 
become  familiar.  The  apparatus  tlius  employed,  It 
superior  in  simplicity  to  any  conlrivuiice  (.dsewEiere  | 
operation,  of  which  any  knowledge  has  reached  thud 
try.  A  description  of  tiis  inatruiiient,  as  dow  in  ~~ 
within  the  Capitol  at  Washington,  is  all  that  I  c 
pedient  to  introduce. 

907.  U|>on  n  base  board  of  wood,  a  V  thapod  bar  of  ao6  fa 
with  covered  oppcr  wir«,  is  firinl}'  attacbtd  in  a  vertical  f 
llw  terminal  wires  of  the  elect ro-magDM  thus  formed,  cot 
Iho  distant  siniioD  by  means  of  a  wire,  the  other  by  mcam  of  ibej 
A  ehort  dislnnce  above  the  electro. maguct,  a  bar  or  kveon  at  m 
Oltachod  al  righl  angles  to  a  lever.  One  exrrtmiity  of  Ibb  len 
sKcl  point  or  loolh  projecting  downward,  while  ihrougb  the  othc 
ia  a  pivot  supported  by  two  stanchions  behind  the  cio^ro-ntafpM. 
is  attached  to  the  upper  surface  of  ihe  lever  lending  to  rmim  thi 
it  llw  keeper,  from  Ihc  poles  of  the  electro-magnet  boOMtb.  Wfc«i  i 
cuit  is  completed  with  the  voEtaic  battery  at  the  diatani  sUdoa, 
magnet  being  charged,  and  suddenly  attracting  the  keeper,  d 
and  the  lover  to  descend.  Upon  the  rupture  of  the  ciratii,  ■ 
twcen  the  magnet  and  keeper  ceasing,  the  spring  muses  the  k 
again,  and  thus,  by  repealed  completions  and  intemiptknu  oCtktd 
ihe  lever  mnv  bu  maik*  to  iilav  up  and  down,  wortinc;  uiiwi  the  a^'t 
fulcrum,     liii''"  ..■■■■■    I  ■  '■■    ''■  '1'.   ^'. :  '\  -  ..I    ■     ■■  Lv    .-  ~.m 

with  soft  I''!;,'  ■-: 

work.  When,  by  the  completion  of  the  circuit,  the  sieei  point  is  nod 
descend,  it  presses  upon  the  soft  paper  of  the  revolving  cyliadiT  cfli; 
long  as  the  circuit  remains  unbroken.  As  the  cylinder  revolves,  i  i<  '■ 
line  of  greater  or  less  length  is  described  upon  the  paper,  and  an  »r»ff 
combination  of  such  dots  and  lines  constitutca  the  alphabet.  Thus  « 
letter  may  be  written  upon  the  paper  at  one  extremity  of  a  tPlepur^ 
of  any  length,  by  successive  completions  and  interruptions  of  it*  cjm 
the  other- 
DOS.  As  the  velocity  with  which  the  electric  current  traverses  a  n»o 
wire  has  been  found  by  Mr.  Whcnlslone  to  be  about  28^,000  nuki  c 
second,  it  is  obvious  that  no  pcrcepiible  interval  of  lime  wiirdap*  In 
transmission  of  iDtelligcnce  in  this  way,  between  anv  two  points  u^ 
earth's  surface. 

909.  Various  modes  of  establishing  the  wires  between  two  sumcoil 
been  devised.  It  was  nl  first  proposed  to  enclose  two  insulattil  wir^s"; 
an  iron  pipe,  buried  beneath  the  surface  of  the  ennh;  but  this  mc^hu 
objectionable  on  the  ground  of  expense,  and  liability  tci  ;iemni?iiifDi- 
above  staled,  Prof.  Morse  employs  ihe  earth  itself  for  one-half  of  the  cu 
and  a  wire,  supported  upon  poles  at  some  distance  above  the  ground,  ■ 
other- 
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AN  EFFORT 

Fo  Refute  the  Arguments  advanced  in  Favour  of  the  Exist- 
encej  in  the  Amphide  SaltSy*  of  Radicals  consisting^  like 
Cyanogen^  of  more  than  one  Element.  By  Robert  Hare, 
M.  D.J  Professor  of  Chemistry  in  the  University  of  Penn- 
sylvania. 

T%e  following  is  a  Summary  of  the  Opinions,  which  it  is  the  Ob- 
ject of  the  subsequent  Seasoning  to  Justify. 

(a)  The  community  of  effect,  as  respects  the  extrication  of  hydro- 
fien  by  contact  of  certain  metals  with  aqueous  solutions  of  sulphuric 
ind  chlorohydric  acid,  is  not  an  adequate  ground  for  an  inferred 
umlogy  of  composition,  since  it  must  inevitably  arise  that  any  radical 
peill,  from  any  compound,  dAplace  any  other  radical,  when  the  forces 
Eavouring  its  substitution  preponderate  over  the  quiescent  affinities. 

(6)  But  if,  nevertheless,  it  be  held  that  the  evolution  of  hydrogen 
from  any  combination,  by  contact  with  a  metal,  is  a  sufficient  proof  of 
the  existence  of  a  halogent  body,  simple  or  compound,  in  the  combi- 
Dation,  the  evolution  of  hydrogen  from  water,  by  the  contact  with  any 
metal  of  the  alkalies,  must  prove  oxygen  to  be  a  halogen  body;  also 
the  evolution  of  hydrogen  from  sulphydric,  selenhydric,  or  tellu- 
hydric  acids,  by  similar  means,  would  justify  an  inference  that  sul- 
phur, selenium,  or  tellurium,  as  well  as  oxygen,  belong  to  the  halo- 
gen or  salt  radical  class: — 

(c)  The  amphigen  bodies  being  thus  proved  to  belong  to  the 
halogen  class,  oxides,  sulphides,  selenides,  and  tellurides,  would  be 
haloid  salts,  and  their  compounds  double  salts,  instead  of  consisting 
of  a  compound  radical  and  a  metal: — 

(d)  The  argument  in  favour  of  similarity  of  composition  in 
the  haloid  and  amphide  salts,  founded  on  a  limited  resemblance  of 
properties  in  some  instances,  is  more  than  counterbalanced  by  the 
extreme  dissimilitude  in  many  others: — 

(e)  As,  in  either  class,  almost  every  property  may  be  found 
which  is  observed  in  any  chemical  compound,  the  existence  of  a 
amilitude,  in  some  cases,  might  be  naturally  expected: — 

*  An  amphide  salt  ii  one  coniisting  of  an  acid  and  a  base,  each  containing  an  am- 
phigen body,  either  oxygen,  solphur,  selenium,  or  tellarium,  as  its  electro-negative 
TedienL 
The  epithet  halogen  is  applied  to  bodies  whose  binary  compounds  with  metals 
an  doemed  nits,  and  which  aro  conaeqiuuitly  called  haloid  salts. 


r 


(/)  Aa  it  is  evident  that  many  sails,  perfectly  wdlfa 
poaitioD,  are  extremely  dissimilar  in  properties,  it  it  i 
able  to  considf^r'reseinblance  in  properties,  as  a  proof  of 
compoBition: — 

{g)  No  line  of  distinction,  as  respects  either  pn^Mrt 
position,  can  be  drawn  between  the  binary  conipouiiib af 
phigen  and  halogen  bodies,  which  justifies  that  scpwaU  d 
tion  which  the  doctrine  requires;  so  that  it  roust  be  ui 
spects  the  one,  or  be  extended  to  tlie  other: — 

(A)  The  great  diversity,  both   as  respects  propcrtiw  a 
position  of  the  bodies  called  salts,  rendering  it 
the  meaning  of  the  word,  any  attempt  to  vary  tlte  h 
theory  of  Chemistry,  in  reference  to  the  idea  of  a  saJl, 
treniely  pernicious: — • 

(i)  There  is  at  least  as  much  mystery  in  the  (act,  thit 
dition  of  an  atom  of  oxygen  to  an  oxacid,  should  coefer  H 
for  a  simple  radical,  as  that  the  addition  «f  an  atom  of  ihii 
to  such  3  radical,  should  create  anaflSnity  between  itandtnn 

Ij)  If  one  atom  of  oxygen  confer  upon  the  hue  irAo  ' 
enters,  the  power  to  combine  with  one  atom  of  acid,  it  it  ^ 
sisteut  that  the  affmity  should  be  augmented,  proportioiMJ 
further  accession  of  oxygen: — 

(A)  It  were  quite  as  anomalous,  mysterious,  and 
that  there  should  be  three  oxyphosphions,  severally  mfii 
saturation  one,  two,  and  three  atoms  of  hydrogen,  as  tkit(i| 
meric  stales  of  phosphoric  acid  should  exist,  requiring a»iri 
ferent  equivalents  of  basic  water: — 

(/)  The  attributes  of  acidity  alleged  to  be  due  altogether 
presence  of  basic  water,  are  not  seen  in  hydrated  acids,  whei 
ing  water  in  that  form  only;  nor  in  such  as  arc,  like  ihe  oiij 
incapable  of  uniting  with  water  as  a  solvent.  Further,  ibes 
butes  are  admitted  to  belong  to  salts  which,  not  holding  wit 
base,  cannot  be  hydrurets  or  hydracids  of  any  f^att  raiiif* 
while  such  attributes  are  found  in  compounds  which,  lile  fh 
or  carbonic  acid,  cannot  be  considered  as  hydrurcls,  ther  do  t 
ist  in  all  that  merit  this  appellation,  as  is  evident  in  the  c 
prussic  acid,  or  oil  of  bitter  almonds: — 

(w)  It  seems  to  have  escaped  attention,  that  if  SO*  be  th 
sulphion  of  sulphates,  SO',  anhydrous  sulphuric  acid,  miwi 
oxysulphion  of  the  sulphites;  and  that  there  must,  in  the  hv 
phites  and  hyposulphates,  be  two  other  oxysulphions! — 

(n)   The  electrolytic   experiments   of  Danicll   hare  becD 
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leoudy  interpreted,  since  the  electrolysis  of  the  base  of  sulphate  of 
loda  would  so  cause  the  separation  of  sodium,  and  oxygen,  that  the 
ixygen  would  be  attracted  to  the  anode,  the  hydrogen  and  soda 
leing  indirectly  evolved  by  the  reaction  of  sodium  with  water; 
irhile  the  acid,  deprived  of  its  alkaline  base,  would  be  found  at  the 
mode  in  combination  with  basic  water,  without  having  been  made 
u>  act  in  the  capacity  of  an  anion. 

(o)  The  copper  in  the  case  of  a  solution  of  the  sulphate  of  this 
metal  and  a  solution  of  potash,  separated  by  a  membrane,  would, 
by  electrolyzation,  be  evolved  by  the  same  process  as  sodium,  so 
ioog  as  there  should  be  copper  to  perform  the  office  of  a  cathion; 
ind  when  there  should  no  longer  be  any  copper  to  act  in  this  ca- 
pacity, the  metal  of  the  alkali,  or  hydrogen  of  water,  on  the  other 
nde  of  the  membrane,  would  act  as  a  cathion;  the  oxygen  acting  as 
m  anion  from  one  electrode  to  the  other,  first  to  the  copper,  and  then 
ba  the  potassium: — 

{p)  The  allegation  that  4he  copper  was  deposited  from  the  want 
»f  an  anion  (oxysulphion)  to  combine  with,  is  manifestly  an  error, 
since,  had  there  been  no  anion,  there  could  have  been  no  dischargee, 
10  alleged,  to  hydrogen  as  a  cathion,  nor  any  electrolysis: — 

{q)  The  hydrated  oxide  precipitated  on  the  membrane  came  from 
the  reaction  of  the  alkali  with  the  sulphate  of  copper;  the  pre- 
cipitated oxide  of  this  metal  from  the  oxygen  of  the  soda  acting  as 
an  anion;  and  the  deposit  of  metallic  copper  from  the  solutions  per- 
forming, feebly,  the  part  of  electrodes,  while  themselves  the  sub- 
jects of  electrolyzation : — 

(r)  The  so  called  principles  of  Liebig,*  by  which  his  theory 
of  organic  acids  is  preceded,  are  mainly  an  inversion  of  the  truth, 
BiDce  they  make  the  capacity  of  saturation  of  hydrated  acids  de- 
pendent on  the  quantity  of  hydrogen  in  their  basic  water,  instead  of 
making  both  the  quantity  of  water,  and,  of  course,  the  quantity  of 
hydrogen  therein,  depend  on  their  capacity: — 

(s)  All  that  is  truly  said  of  hydrogen  would  be  equally  true 
of  any  other  radical,  while  the  language  employed  would  lead  the 
student  to  suppose  that  there  is  a  peculiar  association  between  capa- 
city of  saturation,  and  presence  of  hydrogen. 

*  Tnitd  de  Chymie  Organiqae,  torn.  1,  page  7. 


AN  EFFORT, 


1.  Some  of  the  most  distinguished  European  chemists,  encouraged  by  the 
lumber  of  instances  in  which  the  existence  of  hypothetical  radicals  has 
rendered  probable,  have  lately  inferred  the  existence  of  a  large  num- 
of  such  radicals  in  a  most  important  class  of  bodies  heretofore  consi- 
lered  as  compounds  of  acids  and  liases.     It  has  been  inferred,  for  instance, 
chat  sulphur,  with  four  atoms  of  oxygen  (SO)  constitutes  a  compound  radi- 
wbich  performs  in  hydrous  sulphuric  acid,  the  same  part  as  chlorine 
chlorohydric  acid. 
S.  Graham  has  proposed  sulphatoxygen  as  a  name  for  this  radical,  and 
■ulphatoxide  for  any  of  its  compounds.     Daniell  has  proposed  oxysulphion 
■nd  oxysulphionide  for  the  same  purposes.     1  have  given  the  preference 
to  a  nomenclature  moulded  upon  the  last  mentioned  plan.     In  reasoning  on 
tbe  subject  I  shall  use  this  nomenclature,  not,  however,  with  a  view  to 
sanction  it,  as  I  disapprove  altogether  of  this  innovation,  and  deny  the 
mu&ckancy  of  the  grounds  upon  which  it  has  been  justified.     Consistently 
irith  the  language  suggested  by  Daniell,  hydrous  sulphuric  acid,  constituted 
of  one  atom  of  acid  and  one  of  basic  water,  (SC-f  HO)  is  a  compound  of 
oxysulphion  and  hydrogen  (SO-f  H).     Nitric  acid  (NO*+HO)  is  a  com- 
pound of  oxynitrion  and  hydrogen  (NO'+H).     In  like  manner  we  should 
luive  oxyphosphion  in  phosphoric  acid,  oxyarscnion  in  arsenic  acid,  and  in 
all  acids,  hitherto  called  hyd rated,  whether  organic  or  inorganic,  we  should 
bave  radicals  designated  by  names  made  a(\cr  the  same  plan.     Their 
■alts  having  corresponding  appellations,  would  be  oxysulphionides,  oxyni- 
trionides,  &c.    Also,  in  any  salt  in  which  any  other  of  the  amphigen  class 
of  Berzelius  is  the  electro-negative  ingredient,  whether  sulphur,  selenium, 
or  tellurium,  all  the  ingredients  excepting  the  electro-positive  radical,  would 
be  considered  as  constituting  a  compound  electronegative  radical.* 

*  The  conception  of  the  existence  of  lalt  radicals  seemi  to  have  originated  with 
Davy.  It  was  sugerested  by  Berzelius,  in  his  letter  in  reply  to  some  strictures  which 
I  pablished  on  his  Nomenclature,  in  the  following  language  : — 

**  If.  for  instance,  the  true  electroH:hemical  composition  of  the  sulphate  of  potash 
dloiild  not  be  KO-f  SO^,  as  is  generally  supposed,  but  K-f  SO,  and  it  appears  very 
natural  that  atoms,  so  eminently  electro-negative  as  sulphur  and  oxygen,  should  be 
■SMwiated,  we  have,  in  the  salt  in  onestion,  potassium  combined  with  a  compound 
body,  which,  like  cyanogen  in  K-f-C*  N,  imitates  simple  halogen  bodies,  and  gives 
A  salt  with  potassium  and  other  metals.  The  hydrated  oxacids,  agreeably  to  this 
view,  woula  be  then  hydracids  of  a  compound  halogen  body,  from  which  metals  may 
displace  hydro^n,  as  in  the  hydracids  of  simple  halogen  bodies.  Thus  wo  know 
that  SO^,  that  is  to  say,  anhydrous  sulphuric  acid,  is  a  body,  whoso  properties,  as  re> 
apecta  acidity,  differ  from  thoM  which  we  should  expect  in  the  active  principle  of 
bydixnis  sulphuric  acid. 

*'  The  dinerenco  between  the  oxysalti  and  the  halosalti  is  very  easily  illustrated 
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3.  It  may  be  expedient  to  take  this  oppoTtuDity  of  mentioning,  ikt  k 
advocates  of  this  new  view,  disadvantageous! y,  as  1  think,  emplof  iktd 
radical,  to  designate  the  electro-negative,  as  well  as  the  eiectrofQ«»» 
gredient.  Agreeably  to  the  nomenclature  ofBerzelius,  the  forma wdk 
a  compound  halogen  body.  Cyanogen  being  analogous,  is  by  him  fBiri 
in  the  halogen  class.  I  shall,  therefore,  in  speaking  of  "  mlt  rwim' 
improperly  so  called,  employ  the  appellation  contrived  by  thegioiSMik 
chemist. 

4.  It  seems,  however,  to  be  conceded,  that  however  plausible  miyk  3 
reasons  for  inferring  the  existence  of  halc^en  bodies  in  the  aapbKil^ 
it  would  be  inexpedient  to  make  a  copresponding  change  in  noiiniM 
on  account  of  the  great  inconvenience  which  must  arise  frooitlKflM- 
quent  change  of  names. 

5.  Under  these  circumstances,  it  may  be  well  to  consider  bovftr  is 
is  any  necessity  for  adopting  hypothetical  views,  to  whidi  it  wfsai  k  • 
disadvantageous  to  accommodate  the  received  language  of  dbaiatL  k 
the  strictures  on  the  Berzelian  nomenclature,  which  drew  £roiB  ~ 
the  suggestions  contained  in  the  quotation  at  the  foot  of  the 
page,  I  stated  it  to  be  my  impression  that  water  should  be 
acting  in  some  cases  as  an  oxybase,  in  others  as  an  oxacid;  and,  ic 
amination  of  his  reply,*  I  ob^rved  that  hydrous  sulphuric  a6d  uifi^k 
considered  as  a  sulphate  of  hydrogen^  and  that  when,  this  sni 
with  zinc  or  irony  the  proneness  of  hydrogen  to  the  aeriform  JMt  o^ 
bles  either  metal  to  take  its  place y  agreeably  to  the  tslMiakti  hsm^ 
afinity. 

6.  There  appears  to  have  been  a  coincidence  of  opinion  betvca  hm, 
Graham,  Gregory,  and  myself,  as  respects  the  electro-positive  lek&oitf 
hydrogen  to  the  amphigen  and  halogen  elements,  which  1  have  denflni 
collectively  as  the  basacigen  class ;  also  in  the  impression  thif  bjwifB 
acts  like  a  metallic  radical,  its  oxide,  water,  peribrming  the  ptitoi  a  k^ 
I  agree  perfectly  with  Gregory  in  considering  that  hvdrnJoi  ar/ferm'V 
considered  as  ^^  hydrogen  salts."'  But  when  the  Karned  » tii'r ::  ■^'-  ' 
allege  that  ^' acids  and  salts,  as  reapects  their  constitution.  tril»  r"*^  ■»- 
r/a5.9,"  I  consiiler  him,  and  those  who  saiictit^m  this  all''i:.'?!:.:n.  >  "  "- 
an  error  upon  an  oversight.  Because  the  salts  oC  hvdr~i?  n.  c  *;  "  • 
have  water  for  their  base,  have  heretofore  Iwi'on  erron»^';^  %  <"i  •..'•> 
we  are  henceforth  to  confound  salts  with  acids,  an<l,  inv>;.':  !•■:".:*■ '-' 
one  wrouii  name,  cause  all  others  to  conform  iln-n/t-i ! 

7.  I  fully  concur  with  Ga^gory  and  Kan^^  in  i^oiisid'T^r*::  "hn:  ••*-'*  ~ 
hydrous  sulphuric  acid,  in  nitric  acid,  chloric  acid,  and  in  ■■-j':"-  •''  ■• 
generally  acts  as  a  base;  also,  that  in  this  l>asic  water  h\  in  .rn  ■.•"*• 
a  part  perfectly  analogous  to  that  of  a  melalHc    radical:    !-u :,::::"*.::'  ;■  ^ 


■mulop.     In  KFF  (fluoride  of  potassium),  (horo  is  but  ono  sin«»-:e  '.  rr      "-••■• 
1,  that  is  to  say,  that  of  K|FF;  whilst  in  KC)OOOS   ■.  su'j.h.it«7."f  •- tv.    '•" 
vo,  K|OOOOS  and   KOjOOOS,  of  which   we   use   the    tirst   m  :?«','    ' 


by  formuh 

tution, 

ar^  Iwi 

metal  by  another,  for  instance,  copper  by  iron  .  and  iho  i»oc-»nd  in  ri'p!:c.rj 

ide  by  another. 

"  1  do  not  know  what  value  you  may  attach  to  thi*  licvolonmrnl  «^f  t::»  ^^  ".'■-■- 
lion  of  the  oxysalts  (which  ajiplies  equally  to  the  »ulph«.:t-ilt*  anJ  ith  r>      ■  \:  »? ' 
myself,  I  have  a  thorough  conviction  that  therr   is   therein   sf^iMe»ri:r.  •  in  r*  ■.-''•   - 
vague   speculation,  since  it  unfolds  to  us  an  internal   an;ilofr\   m  nheii.~^i:i€L».  »-  - 
agreeably  to  the  perception  of  our  senses,  are  extremclv  an^ktrou* 

•  Sillimans  Journal,  Vol.  27,  for  1835.  page  ill.  ' 


his  tiew,  I  cannot  perceive  any  difficulty  in  accounting  for  the  evolution  of 
jydrogen,  as  suggested  in  the  Quotation  above  made  (6),  agreeably  to 
vhich,  when  dilut^  sulphuric  acid  reacts  with  zinc  or  iron,  the  liberation 
\l£  hydrogen  results  from  the  superiority  of  the  forces  which  tend  to  insert 
iMiher  of  these  metals  in  the  place  occupied  by  the  hydrogen,  over  those 
[irhich  tend  to  retain  it  in  statu  quo. 

8.  When  oxide  of  copper  is  presented  tp  chlorohydric  acid,  it  is  inferred 
:hat  the  hydn^n  unites  with  oxygen,  and  the  chlorine  with  the  metal ;  and 
beoce  it  seems  to  be  presumed,  that  when  oxide  of  copper  is  combined  with 
valpburic  acid,  a  similar  play  of  affinities  should  ensue :  but  would  it  be 
reaaonable  to  make  this  a  ground  for  assuming  the  existence  of  a  compound 
irmdical,  when  the  phenomena  admit  of  another  explanation  quite  as  simple 
and  consistent  with  the  laws  of  chemical  affinity  ? 

9.  Whether  hydrogen  be  replaced  by  zinc,  or  oxide  of  hydrogen  by 
oxide  of  copper,  cannot  make  any  material  difference.  In  the  one  case,  a 
imdical  expels  another  radical,  and  takes  its  place ;  in  the  other,  a  base  ex- 
peb  another  base,  and  takes  its  place. 

10.  There  can  be  no  difficulty,  then,  in  understanding  wherefore,  from 
the  compound  of  sulphur  and  three  atoms  of  oxygen,  and  an  atom  of  basic 
water,  hydrogen  should  be  expelled  and  replaced  by  zinc,  or  that  water 
should  be  expelled  and  replaced  by  oxide  of  copper ;  the  only  mystery  is 
in  the  Act,  that  SO',  as  anhydrous  sulphuric  acid,  will  not  combine  with 
hjrdrogen,  copper,  or  any  other  radical,  unless  oxydized.  But  this  mystery 
equally  exists  on  assuming  that  an  additional  atom  of  oxygen  converts  SO* 
into  oxysulphion,  endowed  with  an  energetic  affinity  for  metallic  radicals, 
Id  which  SO*  is  quite  indifferent. 

11.  In  either  case  an  inexplicable  mystery  exists ;  but  it  is,  in  the  one 
ease,  associated  with  an  hypothetical  change,  in  the  other,  with  one  which 
is  known  to  take  place. 

m.  But  if  hydrous  sulphuric  acid  is  to  be  assumed  to  be  a  hydrurct  of  a 
compound  halogen  body  (oxysulphion),  because  it  evolves  hydrogen  on 
contact  with  zinc,  wherefore  is  not  water,  which  evolves  hydrogen  on  con- 
tact with  potassium,  sodium,  barium,  strontium,  or  calcium,  to  be  considered 
as  a  hydruret  of  oxygen,  making  oxygen  a  halogen  body  ? 

13.  Boldly  begging  the  question,  Graham  reasons  thus:  **the  chlorides 
tketnselves  being  salts,  their  compounds  must  be  double  salts.^^ 

14.  But  if  the  chlorides  are  salts,  the  chloride  of  hydrogen  is  a  salt;  and 
if  90,  wherefore  is  not  the  oxide  of  hydrogen  a  salt,  which,  in  its  suscepti- 
bility of  the  crystalline  form,  has  a  salt  attribute  which  the  aeriform  chlo- 
ride does  not  possess? 

15.  Further,  if  the  oxide  of  hydrogen  be  a  salt,  every  oxide  is  a  salt,  as 
well  as  every  chloride.  Now,  controverting  the  argument  above  quoted, 
by  analogous  reasoning,  it  may  be  said,  *^the  oxides  themselves  being 
miliSy  their  compounds  are  double  salts.'*'*  Of  course  sulphate  of  potash 
is  not  a  sulphatoxidc,  as  Graham's  ingenious  nomenclature  would  make  it, 
but  must  be  a  double  salt,  since  it  consists  of  two  oxides  in  '*  themselves 
salts." 

16.  I  trust  that  sufficient  reasons  have  been  adduced,  to  make  it  evident 
that  the  common  result  of  the  extrication  of  hydrogen,  during  the  reaction  of 
xioc  or  iron  with  sulphuric  or  chlorohydric  acid,  is  not  a  competent  ground 
for  assuming  that  there  are,  in  amphide  salts,  **  compound  radicals'*  play- 
ing the  same  part  as  halogen  bodies. 

17.  Let  us,  in  the  next  place,  consider  the  argument  in  favour  of  the  ex- 
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istcnorofsueli  radicals,  feuniled  on  the  «initimda<rf'lfcftM«<  mIi^ 
salts,  wtiicli  U  slated  by  Dr.  Kane  ui  the  fbllowing  wonfej— 

"  li  bnil  long  iH'pn  remarked  as  curioom,  tbat  boafm  me  JBibtntwtl 
pudUion  AS  tiit^  coiiijiouDd  of  chlorine  wiih  »  rnrlnl,  on  one  haaiL  util 
oxygen  nciU  with  the  oxide  of  l!ie  mela]  on  xhr.  )>lb>!T.  timaU  Wh^ 
in  properliM  ttint  both  iniiel  be  clnswxi  as  mltx,  and  •bnoU  p<t  lan 
eeri«H  of  l)asic  and  ndd  compouuds  liir  Ibe  most  pun  csmficUl)  ynM 
Element*,  p.  BHl. 

18.  Uuou  iho  timlitude  und  comftrlf.  paralltJi^m  of  tb  Mfkkl 
hnloid  salts,  thus  crronroiisly  ollogixl,  tbn  author  [intcon]*  hi  u^il 
vour  of  ihu  cxislcoce  in  the  fomxtr,  of  o.tmpoand  baliigcn  liirfiii.ai^ 
in  their  mixlQ  orcombinnlion  to  chloriiw  or  lodiDc 

10.  I  presume  it  will  be  gmoiod,  thai  if  ntuliluilo  in  pu|«rti>Wti 
ficieat  grouml  for  inf^ring  an  anntogy  in  coinpOBiikiD,  ili  niiwiTiii^  ri 
tu  jtistiiy  an  oppoaite  inrrrcncc.  And  that  if,  as  ttie  luibor  ant|(i,al 
bodiea  have  been  classed  ns  salts,  od  account  of  ibm  nmilann  ia*i 
spect,  wbea  dissimiiar  they  ought  not  lo  be  so  clUMcd.  UndirrdaM 
the  questiuD,  1  propone  to  ciiaiiiiiK:  liow  far  any  eimilitnde  m  pmpmm 
isls  between  the  bodies  de^iiguated  as  aalla  by  the  ouUwc  «  utf  olvi 
mist. 

30.  The  salts,  hitherto  considered  as  oompouoda  of  kU*  iirftM^ 
by  Berzelius  called  ttmphide  salts,  being  produced  Kmnlif  bflk* 
with  one  or  other  of  his  aniphigen  cbsa,  compriaiiqf  ozygta,  ait^ 
leaium.  and  lellurium,  with  iwo  radiraJt,  with  ooeorwhiebiiiKi'al 
cd,  with  ihe  other  a  bnsu.  TIte  binary  cumpounda  of  hti  kflfcgB  * 
comprisiag  chlorine,  bromine,  iodine,  AuoriDe  aad  c 
him  hBl<Hd  salts.     !  shall  use  Ihe  names  Ibna  aagi 


SI.  Among  the  haloid  sails  we  have  eatarooa  sait  aitd  IMjuMbI 
iIm  gaaeoin  duor idea  and  chloridea  of  hydrogen,  ailiean  or  hM4  M 
ing  liquor  of  Lbavius  the  acnd  butvracoous  chlorides  of  ae.  hawk  i 
antim  nv  the  v  lalile  chlor  des  ol  n  ngnesi  m  irun,  c}inniinK.u*i 
cury  and  ll  fv  I  !1  !  of  calc  um  bnnum,  ttroatiuta,  fi*^ 
lead;  tie      I         I  d  and  sol  d  poiaaooasbicyiafc^i 

cury  wth  Ikt.  [h  seol   "iiMkii  hliir- "T^ 

great  number    fc  he   il         pounds. 

22  Among  the  am^hdc  salts  are  the  very  soluble  aalphtiCKifi 
iron,  copper,  soda,  magnesia,  &c-,  and  the  insoluble  stonv  sulphunii' 
ryla  and  alroDtio ;  also  ceruse  and  sugar  of  lead ;  alabosier,  rviUc  ■ 
ethers,  and  innumerable  stony  silicates,  and  aluminates.  LaiL  lai 
among  the  least  discordant,  are  the  hydnted  acida,  and  alkaline  aJ<a 
hydrates. 

23.  When  the  various  sets  ofbodies,  above  enumerated,  uccHpa* 
the  two  classes  under  consideration,  are  contemplated,  is  it  boI  eriW' 
not  only  between  several  sets  of  haloid  and  amphidc  salts,  bat  abotoi 
several  sets  in  cither  class,  there  is  an  extreme  discordancy  ia  pK^ 
BO  that  making  properties  the  test  would  involve  not  only  thai  raiioH 
in  one  class  could  not  be  coupled  with  certain  sets  in  the  other,  brt, 
that  in  neither  class  could  any  one  set  be  selected  as  exemplifying  4* 
raclerislica  of  a  salt,  without  depriving  a  majority  of  thine  simitariya 
tuled,  of  all  prelenwons  to  the  saline  character  1 

24.  Now,  if  among  the  bodies  above  enumeraled,  aomc  paira  of  i^ 
and  haloid  salts  can  be  selected,  which  make  a  li '     "  '     '*  ~ 
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^  their  properties,  as  in  the  case  of  sulphate  of  soda,  and  chloride  of  sodium) 
*hiJe  in  other  aises  there  is  the  greatest  discordancy,  (as  in  the  stony  sili- 
lie  felspar,  and  the  gaseous  fluoride  fluosilicic  acid  gas;  as  in  soap  and 
'^rbyshire  spar;  as  in  marble  and  the  fuming  liquor  of  Libavius,  the  sour 
Tolocbloride  of  tin,  and  sweet  acetate  of  lead),  is  it  reasonable  to  found  an 
jri^roeot  in  favour  of  a  hypothetical  similitude  in  composition,  on  the  re- 
jnMance  of  the  two  classes  in  properties?  Does  not  the  extreme  dissimi- 
tude.  in  some  cases,  more  than  countervail  the  limited  resemblance  in 
thers  t  And  when  the  great  variety  of  properties  displayed  both  by  the 
mphide  and  haloid  salts  is  considered,  is  it  a  cause  for  wonder  or  perplexity, 
lat  in  some  instances,  amphide  salts  should  be  found  to  resemble  those  of 
ae  other  kind? 

25.  Again,  admitting  that  there  was  any  cause  for  perplexity  agreeably 
>  the  old  doctrine,  is  there  less,  agreeably  to  that  which  is  now  recommend- 
df  Is  there  no  ground  for  wonder  that  oxygen  or  sulphur  cannot  act  as 
imple  halogen  bodies?  By  what  rule  are  their  binary  compounds  to  be 
xcluded  from  the  class  of  haloid  salts?  Wherefore  should  chlorides,  bro- 
ludee,  iodides,  and  fluorides,  however  antisaline  in  their  properties,  be  oon- 
idered  as  salts,  while  in  no  case  is  an  oxide,  a  sulphide,  selenide  or  tellu- 
ide  to  be  deemed  worthy  of  that  name  ? 

26.  I  challenge  any  chemist  to  assign  any  good  reason  wherefore  the  red 
odide  of  mercury  is  any  more  a  salt  than  the  red  oxide,  or  the  protochlo- 
tde  18  more  saline  than  the  sulphide:  or  why  the  volatile  oxides  of  osmium 
Mr  of  arsenic  are  less  saline  than  horn  silver  or  horn  lead;  or  the  volatile 
dlloride  of  arsenic,  than  the  comparatively  fixed  sulphides  of  the  same  metal : 
irfay  gaseous  chlorohydric  acid  is  more  saline  than  steam  or  gaseous  ox* 
lydric  acid.  , 

27*  It  much  surprises  n)e,  that  when  so  much  stress  is  laid  upon  the  idea 
if  a  nit,  the  impossibility  of  defining  the  meaning  of  the  word  escapes  at- 
lentioQ.  How  is  a  salt  to  be  distinguished  from  any  other  binary  com- 
lound?  When  the  discordant  group  of  substances  which  have  been  enu- 
nerated  under  this  name  is  contemplated,  is  it  not  evident  that  no  definition 
3f  them  can  be  founded  on  community  of  properties ;  and,  by  the  advocates 
jf  the  new  doctrine,  composition  has  been  made  the  object  of  definition, 
instead  of  being  the  basis ;  thus,  agreeably  to  them,  a  compound  is  not  a 
nit,  because  it  is  made  of  certain  elements ;  but,  on  the  contrary,  an  ele* 
tnent,  whether  simple  or  compound,  l)eIongs  to  the  class  of  salt  radicals, 
because  it  produces  a  salt.  Since  sulphur,  with  four  atoms  of  oxygen,  SO, 
produces  a  salt  with  a  metal,  it  must  be  deemed  a  salt  radical. 

28.  In  proof  that  the  double  chlorides  are  not  united  in  a  way  to  justify 
the  opinion  adopted  by  Bonsdorfl^,  Thomson,  myself,  and  others,  it  is  al- 
leged by  Graham,  '*  that  in  such  compounds  the  characters  of  the  con- 
^iiiuent  salts  are  very  little  affected  by  their  state  ofunion*^^ 

29.  This  allegation  being,  in  the  next  page,  admitted  to  be  inapplicable 
in  the  case  of  the  double  cyanides;  an  effort  is  made  to  get  over  this  oh- 
itacle,  by  suggesting  the  existence  of  another  compound  radical.  But  the 
illegation  of  the  author  is  erroneous  as  respects  various  double  haloid  salts, 
especially  the  fluosilicates,  the  fluoborates,  fluozirconiates,  the  chloroplati- 
mtes,  chloroiridiates,  chloroosmiates,  chloropalladiates,  &c.,  all  of  them 
Dompounds  in  which  the  constituent  fluorides  and  chlorides  exist  in  a  state 
of  energetic  combination  by  which  they  are  materially  altered  as  to  their 
itate  of  existence. 

90.  Evidently  the  word  salt  has  been  so  used,  or  rather  so  abused,  that 


gcD,  hydroxion,  and  these  compounds  would 
conceive  thai  the  haloid  compounds,  erroneoi: 
more  correctly  considered  as  single  salts,  can  I: 

32.  Between  the  reaction  of  fliioboric  acid  \ 
acid  with  oxybases,  is  there  not  a  great  resomlj 

33.  I  am  unahle  to  understand  how,  if  the 
oxysalts  is  inferred,  the  other  salts  of  the  amp] 
from  a  corresponding  inference.  But  if  the  cxi 
double  sulphides  be  admitted,  can  it  be  consis 
also  in  double  chloridi^,  iodides,  ice.  ?  Is  there 
tween  the  habitudes  of  sulphur,  selenium,  and 
Ihose  of  the  halogen  bodies? 

34.  Would  not  the  modification  of  the  ethcri 
the  new  hvpulhesi^,  be  disadvantageous,  both  i 
ccplion  of  those  eompourids,  and  the  names  whii 
prialo .'  Would  not  the  transfer  of  llie  oxygen  fi 
acid,  and  the  creation,  thus,of  new  salt  radicjils 
objectionable;  such  as  oxyoxalion  for  oxalates, 
oxyncetion  for  acetates;  while,  for  their  compo 
oxalionides,  oxylartarionides,  oxyacclionides,  & 

35.  If  sulphates  arc  (a  be  considered  as  oxys 
are  we  to  designate  the  sulphites,  hyposulphite! 
S'O',  S»01  SO'  may,  perhaps,  with  more 
consisting  of  a  compound  radical,  SO',  and  o 
sulphurous  acid ;  but  in  a  sulphite,  anhydrous  s 
a  species  of  oxysulpbion  itself,  being  as  much  t 
phites,  as  SO*  is  of  the  sulphates.  Of  course  E 
finily  for  radicals,  contrary  to  fact.  I  presunM 
to  bo  irioxysulphionides ;  hyposulphites,  aesquii 
quadroxysiilphionides ;  while  the  hyposulphatcs 
quinloxysulphionides ! !  I 

36.  Analogous  complication  in  nomenclalur 
the  nitrites  and  nitrates,  phosphites  aitd  phosp 
ates;  also  as  respects  the  carbonic,  and  oxalic  a 

37.  It  is  true  that  nature  has  not  so  made  bci 
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;tiDg  the  compounds  fbitned  by  electro-negative  elements  with  anions, 
:ia  acids;  those  formed  with  cathions,  as  bases;  while  the  combinations 
.armed  by  the  union  of  such  acids  and  bases  have  been  considered  as  sim- 
>le  salts.  Thus  four  classes  are  constituted,  consisting  of  electro-negative 
rileineots,  of  acids,  bases,  and  single  salts,  while,  by  the  union  of  the  lat- 
rer,  a  fifth  class  of  double  salts  is  formed.  Whether  the  words  acid,  base, 
tnd  salt,  be  adhered  to,  objectionable  as  they  are  in  some  respects,  and  es- 
:>ecially  the  latter,  or  some  others  be  contrived,  it  would  seem  to  me  disad- 
.iruitageous  to  merge  them  in  one  name,  pursuant  to  the  views  of  the  advo- 
;SmteB  of  salt  radicals,  as  stated  by  Gregory  in  his  edition  of  Turner's  Che- 
cnistry,  572. 

38.  The  objection,  that  not  being  electrolytes  the  relation  of  acids  and 
to  the  voltaic  electrodes  cannot  bo  discovered,  is  easily  remedied; 

siiice,  on  the  union  of  a  common  ingredient  with  an  onion  and  a  cathion, 
there  cannot  be  any  doubt  that  the  resulting  compounds  will  have  the  same 
electro-chemical  relation  as  their  respective  heterogeneous  ingredients;  so 
that,  with  the  anion,  an  acid  or  electro-negative  body  will  be  formed ;  with 
the  cathion,  a  base  or  electro-positive  body.  Moreover,  as  respects  organic 
compounds  which  cannot  be  subjected  to  the  electrolytic  test,  whatever  satu- 
lales  an  inorganic  acid  must  be  a  base,  and  whatever  saturates  an  inor- 
ganic base  must  be  an  acid. 

39.  The  word  salt,  I  have  shown,  is  almost  destitute  of  utility,  from  the 
possibility  of  defining  it,  and  the  amplitude  of  its  meaning.     A  word  that 

every  thing,  is  nearly  as  useless  as  that  which  means  nothing. 

40.  As  respects  the  three  phosphates  of  water,  PO*+HO,  P0*+2H0, 
PO*-f  3H0,  the  argument  used  by  Dr.  Kane  cuts  both  ways;  although,  by 
its  employer,  only  that  edge  is  noticed  which  suits  his  own  purpose.  It  is 
alleged  that  the  difference  of  properties,  in  these  phosphates,  is  totally  inex- 
plicable upon  the  idea  of  three  degrees  of  **  hydration ;"  but  that  all  difii- 
culty  vanishes,  when  they  arc  considered  as  three  different  compound  salt 
radicals,  oxyphosphionides  of  hydrogen,  PO«+H,  PO^-f  2H,  PO-f  3H. 

41.  To  me  the  formation  of  three  compound  elements,  by  the  reiterated 
•ddition  of  an  atom,  of  which  five  of  the  same  kind  were  previously  in  the 
mass  to  which  the  addition  is  made,  seems  more  anomalous,  mysterious, 
and  improbable,  than  the  existence  of  three  compounds  of  phosphoric  acid 
with  water,  in  which  the  presence  of  the  difierent  proportions  of  water  is 
the  consequence  of  some  change  in  the  constitution  of  the  elements  which 
is  referred  to  isomerism. 

42.  No  reason  can  be  given  why  the  addition  of  one^  twOy  and  three 
aiom$  otaxygeny  to  the  '*  radical,^'  should  convey  a  power  to  hold  a  propor- 
tional number  of  atoms  of  hydrogen.  Such  an  acquisition  of  power  is  an 
anomaly. 

43.  In  the  case  of  radicals  formed  with  hydrogen  in  difierent  propor- 
tions, as  in  acetyl  and  ethyl,  formyl  and  methyl,  the  number  of  atoms  of 
oxygen  in  the  peroxides,  is  the  inverse  of  the  hydrogen  in  the  radical. 

44.  Ethyl,  C*,  H*,  unites,  at  most,  with  one  atom  of  oxygen,  while  ace- 

gle,  O,  H',  takes  three  atoms  to  form  acetic  acid,  C*,  Fl*,  O*.     Methyl, 
•,  H%  forms,  in  like  manner,  only  a  protoxide,  while  formyl,  C*,  H,  takes 
three  atoms  to  constitute  formic  acid. 

45.  Besides  the  three  oxyphosphions,  of  which  the  formulas  are  above 
stated,  there  would  have  to  be  another  in  the  phosphites;  so  that  instead  of 
the  hydrated  acid,  or  phosphite  of  water,  being  PO'+HO,  it  would  have  to 
he  PO*+H,  a  fourth  oxyphosphionidc  of  hydrogen. 
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46.  Respecting  the  new  principles  which  I  hare  been  oonteitifli^  fe 
Kane  alleges  "that  the  elegance  and  simplicity  with  which  the  liii«V» 
line  combination  may  be  traced  from  them  is  remarkable,"  becm«  ieo» 
ccives,  that  without  an  appeal  to  those  principles,  the  fact  that  the 
of  equivalents  of  acid  in  a  salt  are  proportionable  to  the  number  of 
lents  of  oxygen  in  the  base,  would  be  inexplicable. 

47.  Thus,  when  the  base  is  a  protoxide,  we  have  one  atom  of  tk  i» 
oxide  of  hydrogen  to  take  its  place ;  when  the  base  is  a  tesquioDde  (t« 
of  radical  and  three  of  oxygen),  three  atoms  of  the  protoxide  of  hTdrn 
take  its  place:  if  the  base  be  a  bioxide,  two  atoms  of  the  protoside a  hf* 
drogen  take  its  place. 

46.  I  have  already  adverted  to  the  "existence  of  certain  cbemic^  }m. 
inexplicable  in  the  present  state  of  human  knowledge.  Amooftkopi 
that  of  the  necessity  of  oxidation  to  enable  metallic  radicals  to  camv 
with  acids.  But  as  a  similar  mystery  exists  as  respects  the  nhntiaHi 
property  of  combining  with  radicals,  which  results  from  the  aoquiseici ]f 
an  additional  atom  of  oxygen  by  any  of  the  compounds  hitherto  couiM 
as  anhydrous  acids,  the  new  doctrine  has  in  that  respect  no  jwtiiMgT 
claim  to  credence. 

49.  But  if,  without  impairing  the  comparative  pretensions  of  the  pRnar 
doctrine,  we  may  appeal  to  the  fact  that  the  acquisition  of  an  aifln  of  ■*> 
gen  confers  upon  a  radical  the  basic  power  to  hold  one  atom  of  wad, » i 
not  consistent  that  the  acquisition  of  two  atoms  of  oxygen  should  oookrtli 
power  to  hold  two  atoms  of  acid,  and  that  with  each  further  acquisiioft  i 
oxygen  a  further  power  to  hold  acids  should  be  conferred  ? 

60.  So  far  then  there  is  in  the  old  doctrine  no  nrx>rc  inscrutabiftr  tfaa 
in  that  which  hns  been  proposed  as  its  successor.  Since  if  on  the  ov  bm 
it  be  requisite  that  for  each  atom  of  oxygen  in  the  base,  there  ditll  Iru 
atom  of  acid  in  any  salt  which  it  may  form,  on  the  other,  in  theospoitbr 
three  oxyphosphions,  for  each  additional  atom  of  hydrogen  extruenstrair 
salt  radical,  tlirro  must  1k^  an  atom  of  oxyir<*n  supora\ld»Mj  i«>  ih  -  r  *  **.  • 

51.   It  bfinix  th(Mi  adinitlud   that,   num^'ricall v,   tlie   atoiu^  t.«    .• 
oxysall  will  Ik?  as  the  atoms  of  o.\yi:<Mi  in  tin/  [»,•!><',    it    nvK  i»   •  .    • 
wh(Mi('V<T  an  o.wsalt  of  a   protoxide  is  <i('C(>in|»os»<i  })v  a  }».'\:.i- , '*' '    ■ 
havo  to  1)0  two  atoms  of  the  I'orin'T  for  one   ol'  the  lnlt«-|-.      F..*-  * 
has  two  atonjs  ot'  oxyiifii,  and  ro(juiro-j  by  tin-  pr(.'riii«-<  >i  tu.-    r  •  :< 
while  the  salt  of  the  protoxide,   having  hut  ori"  at«)in  of  'iwj'  :.. 
and  vield,  oidy  oui'  at<uu  ol'aeid.      Two  atMUiv;  (»f  tM^  s,'k\   :'.•  -•     -  .   - 
ther  its  base  he  water,  or  any  other   pr«)t(»xid«',    will   l»»'  .!.•.-  .?:.  -  -» 
atom  of  i)ioxid<^;   providi'd  the  alllnity  ot'  the  aej.i    top  th.-   :•   -x   :     •  - 
nate  over  that  entertaincMJ  tor  the  pn»toxide,  as  wIm-ii  \\:\U  r  :-  'h    :•  -• 

r)2.    It  follows,  that  the  displaeement  oi"  wal«'r  lr«Mn  it^  ^  -  ,.•   ,-•  ,    .  ■  .•' 
by  Kan(%  d(K>s  not  lavour  the  idea  that   hydr<ni>    sniphi.T  •-  a.-  ! 
sulphionide  oi'  hydroi^en,  more  than  the  im|n«s<i.in   thai    ):   ;>  i 
water. 

5.S.  Of  course,  in  th(^  cixsa  of  prosontini;  «atl)pr  a  s»'<.ii;...\  ;.  , 
ide,  to  the  last  mentioned  sulphate,  in  other  Wi>r(is,  h\'ir«»u>s  >.,.: 
th(?  same  rati<)nal(;  will  he  aj)plical)le. 

51.  The  next  argument  advanerd  hy  I)r.  Kan*"',  i«^,  tr.it  sx^mr 
of  which   tln^  e\ist«'nce  is  assumed  up(»n  tli**  ol  1  »l*M'»r  m-,  ar- 


>  1 


as  they  have  never  been  isolated.     This   iikxJ**    <  ,f  p  ;is. -k  ^.r  , 

to  react  against  the  new  doctrine  with  prc^ -eminent    force,  sauv  all 
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'^xmqpound  radicals  imagined  by  it  are  hypothetical — none  of  them  having 
^beeo  isolated. 

>  55,  The  third  argument  of  the  respectable  author  above  named  is,  that 
'  mdda  display  their  acid  character  in  a  high  degree  only  when  in  the  combi- 
laation  with  water. 

56.  This  argument  should  be  considered  in  reference  to  two  different 
fCaseSy  in  one  of  which  all  the  water  held  by  the  acid  is  in  the  state  of  a  base, 
iWhiie  in  the  other  an  additional  quantity  is  present  acting  as  a  solvent.  So 
riar  as  water,  acting  as  a  solvent j  facilitates  the  reaction  between  acids  and 
-^fattses,  it  performs  a  part  in  common  with  alcohol,  ether,  volatile  oils,  resins, 

Yitrifiable  fluxes,  and  caloric.     Its  efficacy  must  be  referred  to  the  general 
-.law,  that  fluidity  is  necessary  to  chemicul  reaction.     *'  Corpora  non  agunt 
gum  aoluta.'' 

57.  In  a  majority  of  cases,  basic  water,  unaided  by  an  additional  portion 
acting  as  a  solvent,  is  quite  incompetent  to  produce  reaction  between  acids 
and  other  bodies.     Neither  between  sulphuric  acid  and  zinc,  between  nitric 

,  acid  and  silver,  nor  between  glacial  or  crystallized  acids  and  metallic  ox- 
idety  does  any  reaction  take  place  without  the  aid  of  water  acting  as  a  sol- 
vent, and  performing  a  part  analogous  to  that  which  heat  performs  in  pro- 
noting  the  union  of  those  oxybases  with  boric,  or  silicic  acid. 

J  66.  It  is  only  with  soluble  acids  that  water  has  any  efficacy.  The  dif- 
ference between  the  energy  of  sulphuric  and  silicic  acid,  under  the  different 
circumstances  in  which  they  can  reciprocally  displace  each  other,  is  founded 
oo  the  nature  of  the  solvents  which  they  require,  the  one  being  only  capable 
of  liquefaction  by  water,  the  other  by  caloric. 

59.  In  support  of  his  opinions  the  author  adverts  to  the  fact,  that  with 
hydiBted  sulphuric  acid,  baryta  will  combine  energetically  t;i  the  coldj 
while  a  similar  union  between  the  anhydrous  vapour  nnd  the  same  base 
canndlt  be  accomplished  without  heat.  But  it  ought  to  be  recollected,  that  to 
make  this  argument  good,  it  should  be  shown  wherefore  heat  causes  the 

'  baryta,  a  perfectly  fixed  body,  to  unite  more  readily  with  an  aeriform  sub- 
'  stance  in  which  increase  of  temperature  must,  by  rarefaction,  diminish  the 
^  number  of  its  particles  in  contact  with  the  solid.  If  the  only  answer  be, 
'  that  heat  effects  some  mysterious  changf^  in  affinity,  (or  as  I  would  say  in 
the  electrical  state  of  the  particles)  it  should  be  shown  that  the  presence  of 
water  or  any  other  base  has  not  been  productive  of  a  similar  change,  before 
another  explanation  is  held  to  be  necessary.  But  I  would  also  call  to  mind 
that  the  hydrated  acid  is  presented  in  the  liquid  state;  and  if  it  be  asked 
why  water,  having  less  affinity  than  baryta,  can  better  cause  the  condensa- 
tioQ  of  the  acid,  I  reply,  that  it  is  brought  into  contact  with  the  acid  both 
as  a  liquid  and  a  vapour,  of  neither  of  which  forms  is  the  earthy  base  sus- 
ceptible. But  if  all  that  is  necessary  to  convert  anhydrous  sulphuric  acid 
into  an  oxysulphionide,  be  an  atom  of  oxygen  and  an  atom  of  metal,  what 
10  to  prevent  baryta  and  anhydrous^sulphuric  acid  from  forming  an  oxysul- 
phionide of  barium?  All  the  elements  are  present  which  are  necessary  to 
ibrm  either  a  sulphate  or  oxysulphionide;  and  I  am  unable  to  conceive 
wherefore  tfie  inability  to  combine  does  not  operate  as  much  against  the  ex- 
istence of  radicals  as  of  bases. 

60.  I  would  1x5  glad  to  learn  why,  agreeably  to  the  salt  radical  theory, 
anhydrous  sulphuric  acid  unites  with  water  more  greedily  than  with  baryta, 
and  yet  abandons  the  water  promptly  on  being  presiuited  to  this  base. 
Why  8}K>uld  it  form  an  oxysulphionide  with  hydrogen  more  readily  than 
with  bariumy  and  yet  display,  subsequently,  a  vastly  superior  affinity  for 
barium? 


8t.  I(  seema  to  be  overlooked,  thnt  anhydrous  anlphitric  vHl^ 
uxyHulphion  of  the  sulphites,  oiiglit  to  forra  an/pAifM  on  ountad  ^M 

fiU.  Dut  )f  ihe  sulfilmle  of  water  owe  iu  energy  to  Umt  fOraW 
liquid,  which,  by  its  clecom position  gives  rbce  to  tlm  ctmpuuel  oUl 
sulphion,  Bod  not  lo  the  portion  which  operates  a*  a  aotieal.  *km 
tho  concentratwl  slaie,  will  i[  uoi  read  with  iron  and  aac.rillKitfifi 
water,  whett,  with  dilution,  it  reacts  mosi  iKiwerfully  aitlilfasaeMil 

03.  Some  alresa  1ib3  been  laid  upon  the  Tad,  liiat  wamem  '»  m 
ccived,  excepting  with  the  aid  of  water,  as  if  to  ik'rive  fane  far  il 
doctrine  from  that  old  and  popular,  though  sow  abntKtoocillalafa 
but  it  should  be  recollected  that  it  U  not  tlie  water  whicb  gon  »  fa 
compound  element  in  the  "  kydracidt,"  errooeoualy  w  cnlbl,  *b«l 
fers  sourness.  Will  any  one  pretend  that  et^r  i>ul|iiMinc  or  sin 
wb<;n  coDcentraled,  is  sour?  Are  Ihey  not  caawtict  Cm  »  < 
cryalallizcd  organic  acids  be  eaid  to  have  a  sour  tiiste,  indepndaEf 
moisture  of  the  tongue?  The  hydrated  oity  acids  bctag  inenjmUidt 
with  water  as  a  solvent,  have  none  of  these  vulgar  acrnbimi^i 
The  absence  of  theae  attributes  in  prussic  acid  would  iloop  bo  h& 
render  it  inconsistent  to  consider  thun  as  having  any  wamaiaiv 
prtjsence  of  hydrogen. 

64.  It  has  been  remarked,  that  liquid  carhonlc  arid  (fan  tf  a 
with  oxides  on  contact.  To  this  I  would  ndd,  ibai  ii  dns  aot  omba 
water  under  those  circumstance,  but,  on  lh«  caolmry,  nnm—  I 
like  oil,  aller  mechanical  mixture:  nir  docs  it,  uimIbt  sdv  ciiuM 
unite  with  an  equivalent  proportion  nfwntc'r  to  form  a  hydntn.  Ofi 
as  it  is  not  lo  basic  water  that  it  is  indebted  for  its  ability  ta  Im^ 
gredienl  in  salts,  it  cannot  be  held  that  this  faculty  is  the  lodrfl 
vioua  conversion  into  an  oxycorbionide  cf  hydrogttt. 

65,  Chromic  acid  is  admitted  not  to  require  water  for  isoIalic&« 
not)  therefore,  be  considered  as  oxychromionide  of  bydroein.  Tai 
of  bitter  almonds,  which  consists  of  a  compoanA  racfif«t/7bM^> 
atom  of  hydrogen,  and  which  is  therefore  constituted  nf«!i»<T»^ 
radical  doctrine  requires  for  rndowmpnt  with  ihenitributesof  an --iv* 
is  utterly  destitute  of  that  acid  reaction  which  hydroi^fn  is  p  iri^i 
peculiarly  competent  to  impart.  It  follows  thnt  wc  have,  on  tk  « 
in  chromic  acid,  n  compound  endowed  i' 


out  being  a  hydrurct  of  any  comiwund  radical ; 

;   and,  onihoMiS-:. 

bitter  almonds,  a  hydrurct  of  a  compound  radic 

a!,  withoutany.il"; 

buies  of  acidify. 

66.  The  Inst  iirgnmenl  in  favour  of  the  e.\ist 

cnccofjall  rrit-n!' 

I  have  lo  answer,  is  thai  founded  on  certain  r 

•csults  of  Ihe  cIccL- 

•  It  is  well  fcnnwn  lliat  Fararfnj-  employed  a  very  Bimpic  in 
the  quantily  of  Iho  jraspous  clcmenla  of  water  j-icldeil  in  a  v 
Bubjeetnd  to  the  vohaic  current.  Itcoiisislcd  of  a  praduaied  In 
uF  which  the  current  wns  conveyed  by  wirci,  su  teriuinatitu'  ■* 
interval  between  llieiii  through  which  the  current,  being  con 
lytic  pri>ccs8,  elTected  the  dccainiKiailion  of  the  inlorveninir  lie 
being  caught  and  measured  bj  the  tube.    This  inBtruinciil  hi 


ir  less  thiLQ  on  cquivaleal.  uf  the 
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07*  On  subjecting  a  solution  of  sulphate  of  soda  to  electrolysis,  so  as  to 
expos^  to  the  current  employed,  simultaneously  with  some  water  in  a  vol- 
tmeter, DanicU  alleges  that,  for  each  equivalent  of  the  gaseous  elements  of 
irater  erolved  in  the  voltameter,  there  was  evolved  at  the  cathode  and  anode, 
IOC  only  a  like  quantity  of  those  elements,  but  likewise  an  equal  number  of 
.squivalents  of  soda  and  sulphuric  acid.  This  he  considers  as  involving  the 
seoesnty,  agreeably  to  the  old  doctrine,  of  the  simultaneous  decomposition 
>rtwo  electrolytic  atoms  in  the  solution,  for  one  in  the  voltameter;  while,  if 
the  solution  be  considered  as  holding  oxysulphionide  of  sodium,  instead  of 
sulphate  of  soda,  the  result  may  be  explained  consistently  with  the  law  as- 
oeilaiiied  by  Faraday.  In  that  case,  oxysulphion  would  be  carried  to  the 
■node,  where,  combining  with  hydrogen,  it  would  cause  oxygen  to  be  ex- 
ftrioatedy  while  sodium,  carried  to  the  cathode,  and  deoxidizing  water,  would 
cftttse  the  extrication  of  hydrogen. 

68.  Dr.  Kane,  alluding  to  the  experiments  above  mentioned,  and  some 
others  which  I  shall  mention,  alleges  that  ''  Professor  Daniell  considers 
ike  binary  theory  of  salts  to  be  fully  established  by  themJ*^ 

69.  Notwithstanding  the  deference  which  I  have  for  the  distinguished  in- 
ventor of  the  constant  battery,  and  disinclination  for  the  unpleasant  task  of 
striving  to  prove  a  friend  to  be  in  the  wrong,  being  of  opinion  that  these  in- 
lerenoes  are  erroneous,  I  feel  it  to  be  my  duty,  as  a  teacher  of  the  science, 
to  abow  that  they  are  founded  upon  a  misinterpretation  of  the  facts  appealed 
to  for  their  justification. 

7CK  It  appears  to  me,  that  the  simultaneous  appearance  of  the  elements 
of  water,  and  of  acid  and  alkali,  at  the  electrodes,  as  above  stated,  may  be 
aooouDtcd  for,  simply  by  that  electroly  zation  of  the  soda,  which  must  be  the 
natural  consequence  of  the  exposure  of  the  sulphate  of  that  base  in  the  cir- 
cuit. I  will,  in  support  of  the  exposition  which  I  am  about  to  make,  quote 
the  language  of  Professor  Daniell,  in  his  late  work,  entitled,  **  Introduction 
to  Chemical  Philosophy,"  page  413: — 

**Thas  we  may  conceive  that  the  force  of  affinity  receives  an  impulse 
which  enables  the  hydrogen  of  the  first  particle  of  water,  which  undergoes 
deeompoeition,  to  combine  momentarily  with  the  oxygen  of  the  next  parti- 
cle in  succession;  the  hydrogen  of  this  again,  with  the  oxygen  of  the  next; 
and  flo  on  till  the  last  particle  of  hydrogen  communicates  its  impulse  to  the 
platinnm,  and  escapes  in  its  own  elastic  form." 

71.  The  process  here  represented  as  taking  place  in  the  instance  of  the 
of  hydrogen,  takes  place,  of  course,  in  that  of  any  other  electrolyte. 

72.  It  is  well  known,  that  when  a  fixed  alkaline  solution  is  subjected  to 
the  voltaic  current,  that  the  alkali,  whether  soda  or  potassa,  is  decomposed ; 
ao  that  if  mercury  be  used  for  the  cathode,  the  nascent  metal,  being  pro- 
tected by  uniting  therewith,  an  amalgam  is  formed.  If  the  cathode  be  of 
platinum,  the  metal,  being  unprotected,  is,  by  decomposing  water,  recon- 
verted into  an  oxide  as  soon  as  evolved.  This  shows,  that  when  a  salt  of 
poCaasa  or  soda  b  subjected  to  the  voltaic  current,  it  is  the  alkali  which  is 
the  primary  object  of  attack,  the  decomposition  of  the  water  being  a  secon- 
dary result. 

73.  If  in  a  row  of  the  atoms  of  soda,  extending  from  one  electrode  to  the 
other,  while  forming  the  base  of  a  sulphate,  a  series  of  electrolytic  decom- 
pontions  be  induced  from  the  cathode  on  the  right,  to  the  anode  on  the  lef\, 
by  which  each  atom  of  sodium  in  the  row  will  be  transferred  from  the  atom 
of  acid  with  which  it  was  previously  combined,  to  that  next  upon  the  right, 

c 
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causing  an  atom  of  the  metal  to  be  liberated  at  the  cathode;  tbis^ 
oxidizing  water,  will  account  for  the  soda  and  hydrogen  at  the  a 
Meanwhile  the  atom  of  sulphate  on  the  led,  which  has  been  deprm 
sodium,  must  simultaneously  have  yielded  to  the  anode  the  oxygen  bj 
this  metal  was  oxidized.  Of  course  the  acid  is  led  in  the  hTdmi 
usually  called  free,  though  more  correctly  esteemed  to  be  that  oft  a 
of  water. 

74.  I  cannot  conceive  how  any  other  result  could  be  expected  a 
electrolysis  of  the  base  of  sulphate  of  soda,  than  that  which  is  k 
scribed.  Should  any  additional  illustration  be  requisite,  it  will  be  it 
a  note  subjoined.* 

75.  I  will,  in  the  next  place,  consider  the  phenomena  obtemd  : 
lessor  Daniel  1,  when  solutions  of  potassa  and  sulphate  of  cc^iper,ie 
by  a  membrane,  were  made  the  medium  of  a  voltaic  current. 

76.  Of  these  I  here  quote  his  own  account.  Philosophical  Migu 
Journal,  Vol.  17,  p.  172  :— 

"A  small  dass  bell,  with  an  aperture  at  top,  had  its  month  ciom 
ing  a  piece  of  thin  membrane  over  it.  It  was  half  filled  with  a  d^ 
tion  of  caustic  potassa,  and  suspended  in  a  glass  Teasel  containing  i 

*  It  is  easy  to  understand  how  a  simultanooas  appearmnee  of  OTTfea  iM 
the  anode,  and  soda  and  hydrogen  at  tho  cathode,  may  eosue,  gimpiw  byxbu 
Ijzation  of  the  alkaline  base  from  the  following-  association  of  fonnuhp.' 

Anhydrous  sulphuric  acid  is  represented  by  the  usual  formula,  SO^ ;  r^ 
the  usual  symbol,  O;  sodium  by  Na  ;  water,  acting  as  a  solvent,  by  HO  Ei 
of  oiy gen,  sodium,  or  acid,  is  numbered  from  ngbt  to  left,  1 ,  2.  3,  4,  so 
change  of  position  consequent  to  electrolysis  may  be  seen. 
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As  the  atoms  arc  situated  in  the  second   arranireiucnt    liic    dt<.uu  ••:  ..x  J' 

at  tlie  anode,  the  atom  of  sodium,   Na,  with  which  it  haii  Wou  un.'.r^z    "M' 
transferred  to  tho  second  at«)mof  sulj)huric  acid,  which  had  vio'ijec  •»  *.•* 

third  atomof  nrid,  SO^,  this  havinjj,  in  like  manner    viehl<-ci  i*-*  s-xi-   -  *    tr 

atom  of  acid.  SO'',  from  wliich  the  t'ourth  atom  «)f  sodium,  .N^  K^,;  v.^r  i^ 
by  tlio  electrolytic  power.  Tho  atom  of  sotliuni  ilnis  reraoveti  tV.-;;i  '.l;-  "-J 
of  acid,  is  represented  in  union  with  Uic  oiygt-n  of  an  atom  of  uaur  ^  «: 
hydrogen,  H,  is  at  the  calhode. 
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"icfntnl  Bolntion  of  milphate  of  copper,  below  the  surface  of  which  it  jutst 
'^  lapped.  A  platinum  electrode,  connected  with  the  last  zinc  rod  of  a  large 
~^  Mnstant  battery  of  twenty  celln,  wiut  placed  in  the  Kolutioil  of  potnssn;  and 
2:'iiiother»  connectcnl  with  the  rupiKT  ol  the  lirst  cell,  whh  placed  in  the  sul- 

.  ihatc  of  copper  immediately  under  the  diaphragm  which  separated  the  two 

_..  JolutioiiB.    The  circuit  conducted  very  readily,  and  the  action  was  very  en- 

"  irgetie.    Hydrogen  waH  given  off  at  the  platinode  in  a  Holution  of  potansa, 

ftnii  oxygen  at  the  zincode  in  the  sulphate  of  copper.     A  small  quantity  of 

'  §pu  was  also  seen  to  rise  from  the  surface  of  the  diaphragm.     In  about  ten 

-  imnates  the  lower  surface  of  the  membrane  was  found  beautifully  coated 
vwith  metallic  copper,  interspersed  with  oxide  of  copper  of  a  black  colour, 

and  hvdrated  oxide  of  copper  of  a  light  blue. 
^     ^The  explanation  of  ttiese  phflenomena  is  obvious.     In  the  experimental 

ceQ  we  have  two  electrolytes  separate<l  by  a  membrane,  through  both  of 
"^hich  the  current  must  pass  to  complete  its  circuit.  The  sulphate  of  cop- 
-per  is  resolved  into  its  compound  anion,  sulphuric  acid  -f  oxygen  (oxysui- 
^piiion),  and  its  simple  cathion,  copper:  the  oxygen  of  the  former  escapes  at 

the  lincode,  but  the  copper  on  its  passage  to  the  platinode  is  stopped  at  the 

■iirfiu^e  of  the  second  electrolyte,  which  for  the  present  we  may  regard  as 
'  ^mter  improved  in  its  conducting  i>ower  by  potassa.    The  metal  here  fmds 

-  nothing  by  combining  with  which  it  can  complete  its  course,  but  being 

-  forced  to  stop,  yields  up  its  charge  to  the  hydrogen  of  the  second  electrolyte, 
^rhich  passes  on  to  the  platinode,  and  is  evolved. 

'' The  corresponding  oxygen  stops  also  at  the  diaphragm,  giving  up  its 
ehar^  to  the  anion  of  the  sulphate  of  copper.  The  copper  and  oxygen  thus 
meeting  at  the  intermediate  point,  partly  enter  into  combination,  and  form 
the  black  oxide;  but  from  the  rapidity  of  the  action,  there  is  not  time  for 
the  whole  to  combine,  and  a  portion  of  the  copper  remains  in  the  metallic 
state,  and  a  portion  of  the  gaseous  oxygen  escapes.  The  precipitation  of 
blue  hydrated  oxide  doubtless  arose  from  the  mixing  of  a  small  portion  of 
the  two  solutions.** 

77.  It  will  be  admitted,  that  agreeably  to  the  admirable  rest^archcs  of 
Faraday,  there  are  two  modes  in  which  a  voltaic  current  may  be  transmit- 
ted, conduction  and  electrolyzation.  In  order  that  it  may  pass  by  th(.'  lust 
mentioned  process,  there  must  be  a  row  of  anions  and  cathions  forming  a 
series  of  electrolytic  atoms  extending  from  the  cathode  to  the  unode.  It  is 
not  necessary  that  these  atoms  should  belong  to  the  same  fluid.  A  succes- 
sion of  atoms,  whether  homogeneous,  or  of  two  kinds,  will  answer,  pro- 
vided either  be  susceptible  of  electrolyzation.  Both  of  the  liquids  resorted 
to  by  Daniell,  contained  atoms  susceptible  of  being  elect roly zed.  If  his 
idea  of  the  composition  of  sulphate  of  copper,  and  the  part  perlorimxl  by  the 
potassa,  were  admitted  for  the  purpose  of  illustration,  we  should,  on  one  side 
of  the  membrane,  have  a  row  of  atoms  consisting  of  oxysulphion  and  cop- 
per; on  the  other,  of  oxygen  and  hydrogen. 

78.  Recurring  to  Daniell's  own  description  of  the  elect rolyzing  process, 
above  quoted,  an  atom  of  cop{X3r  near  the  ano<le  being  lil)erated  from  its 
anion,  oxysulphion,  and  charged  with  electricity,  seiz«.*s  the  next  atom  f)f 
oxysulphion,  displacing  and  charging  an  atom  of  copi)er  therewith  united. 
The  cupreous  atom  thus  charged  and  displaced,  seizt^s  a  third  atom  of  oxy- 
sulphion, subjecting  the  copper,  united  with  it,  to  the  same  treatment  as  it 
had  itself  previously  met  with.  This  process  being  rejx^iled  by  a  succes- 
sion of  similar  decompositions  and  n*comp<>sitions,  an  elect rifntl  atom  of 
copper  is  evolved  at  the  membrane,  where  thert^  is  no  atom  of  oxysulphion. 
Were  there  no  other  anion  to  receive  the  copjKjr,  evidently  I  he  electrolyza- 
tion would  not  have  taken  places ;  but  oxygen,  on  the  one  side  of  the  mem- 
brane, must  succeed  to  the  oflicc  performed  by  oxysulphion  on  the  other 


pogation  of  ihal  electrolvlic  process,  by  whicJ 
as  alleged,  "poM  to  Ike  platinotle"  i.  c.  catho 

80.  Id  these  strictures  I  am  fully  justified  bj 
Faraday,  which  I  quote  from  his  Researches,  t 

"A  single  ion,  i.  e.  oae  aot  in  combination  wi 
dency  to  pasa  to  ejlher  of  ihe  electrodes,  aod  w 
the  passing  current,  unless  it  be  itself  a  compoi 
and  so  subject  to  actual  decomposition." 

•'  If,  therefore,  an  ion  pass  towards  one  of 
must  alxo  be  passing  simultaneously  to  the  otbi 
Becoudnry  action,  it  may  not  make  its  appearai 

81.  In  explanation  of  the  mixed  precipitate 
branc,  1  suggest  that  the  hydraiL-d  o.xide  resul 
between  the  alkali  and  acid,  the  oxide  from  the 
Dssa  acting  as  a  cathion  in  place  of  that  of  the  o 
metallic  copper  is  lo  be  atlribuiod  to  the  solutioi 
and  as  electrolytes ;  so  that,  at  the  tnembraiM 
formed,  which  enabled  a  porti6n  of  the  coppe 
combining  with  an  anion,  and  a  portion  ofoxj-t 
uniting  with  a  cathion.  In  this  explanalioo  I  ai 
account  of  a  well  known  experiment  by  Farac 
magnesia  and  water  was  made  to  act  as  ele< 
speciivcly. 

Ba.  There  can,  I  think,  be  no  belter  proof 
placed  on  the  esperimenls  with  membranes,  in  ' 
the  existence  of  compound  radicals  in  acida  is  t 
into  which  an  investigator,  so  sagacious  as  my  i 
been  led.  In  explaining  the  complicated  results. 

83.  The  association  of  two  electrolytes,  anc 
tween  the  potassa  and  acid,  which  is  admitted  t< 
oxide,  seem  rather  to  have  created  difficulties  th 

84.  In  this  view  of  the  subject,  I  am  stippor 
day,  as  expressed  in  the  followbg  language : — 
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85*  I  caDDOt  conceive,  that  in  any  point  of  view  the  complicated  and 
^eamfiued*^  results  of  the  experiment  of  Danicll  with  electrolytes  separated 
by  membranes,  arc  rendered  more  intelligible  by  supposing  the  existence  of 
ittlt  radicals.  I  cannot  perceive  that  the  idea  that  the  anion  in  the  sulphate 
is  oxysulphion,  makes  the  explanation  more  satisfactory  than  if  we  suppose 
'it  to  be  oxygen.  Were  a  solution  of  copper  subjected  to  electrolysis  alone, 
if  the  oxide  of  copper  were  the  primary  object  of  the  current,  the  result 
would  be  analogous  to  the  case  of  sodium,  excepting  that  the  metal  evolved 
at  the  cathode,  not  decomposing  water,  would  appear  in  the  metallic  form. 
If  water  be  the  primary  object  of  attack,  the  evolution  of  copper  would  be  a 
secondary  eficct. 

86.  It  is  remarkable,  that  ailer  I  had  written  the  preceding  interpretation 
of  DanielPs  experiments,  I  met  with  the  following  deductions  stated  by  Mat- 
teuchi,  as  the  result  of  an  arduous  series  of  experiments,  without  any  refer- 
ence to  those  of  Danicll  above  mentioned.  It  will  be  perceived  that  these 
deductions  coincide  perfectly  with  mine. 

87.  I  subjoin  a  literal  translation  of  the  language  of  Matteuchi  from  the 
Annales  de  Chimie  et  de  Physique,  tome  74,  1 640,  page  110: — 

**  When  salt,  dissolved  in  water,  is  decomposed  by  the  voltaic  current,  if 
the  action  of  the  current  be  confined  to  the  salt,  for  each  equivalent  of  water 
decomposed  in  the  voltameter,  there  will  be  an  equivalent  of  metal  at  the 
negative  pole,  and  an  equivalent  of  acid,  plus  an  equivalent  of  oxygen,  at 
the  positive  pole.  The  metal  separated  at  the  negative  pole  will  be  in  the 
metallic  state,  or  oxidized  accordmg  to  its  nature.  If  oxidized,  an  equiva- 
lent of  hydrogen  will  be  simultaneously  disengaged  by  the  chemical  decom- 
position of  water." 

88.  Thus  it  seems,  that  the  appearance  of  acid  and  oxygen  at  the  anode, 
and  of  alkali  and  hydrogen  at  the  cathode,  which  has  been  considered  as 
requiring  the  simultaneous  decomposition  of  two  electrolytes  upon  the  here- 
tofore received  theory  of  salts,  has,  by  Matteuchi,  been  found  to  be  a  result 
requiring  the  electrolysis  of  the  metallic  base  only,  and,  consequently,  to  be 
perfectly  reconcilable  with  that  theory. 

80.  In  fact  I  had,  from  the  study  of  Faraday's  Researches,  taken  up  the 
impression,  that  the  separate  appearance  of  an  acid  and  base,  previously 
forming  a  salt,  at  the  voltaic  electrodes,  was  to  be  viewed  as  a  secondary  ef- 
fect of  the  decomposition  of  the  water  or  the  base ;  so  that  acids  and  bases 
were  never  the  direct  objects  of  electrolytic  transfer. 

Of  Lie1ng*s  " PrincijileSy'*  so  called. 

90.  Under  the  head  of  the  "theory  of  organic  acids,"  in  Liohig's  Trea- 
tise on  Organic  Chemistry,  we  find  the  following  allegations  dignified  hy 
the  name  of  principles.  Manifestly  they  must  tend  to  convey  a  false  im- 
pression to  the  student,  that  hydrogen  has  a  |)eculiar  property  of  creating  a 
capacity  for  saturation,  instead  of  being  only  the  measure  of  that  capcity, 
as  is  actually  true,  and  likewise  that  in  this  respect  it  ditlcrs  from  any  other 
radical. 

91.  The  allegations  to  which  I  refer  are  as  follows,  being  a  literal  trans- 
lation from  the  French  copy  of  the  Traite  of  Licbig,  page  7 : — 

**The  hydrated  acids  are  combinations  of  one  or  more  element  a  with  hy- 
drogen, in  which  the  latter  may  be  replaced  wholly  or  in  part  by  equiva^ 
lents  of  metals." 

*«The  capacity  of  saturation  depends  consequently  on  the  quantity  of  hy- 
drogen which  can  be  replaced. 


■>11i«  cMnpOtrnd  fennedb;  the  other  elemenUbuigiHBiiAnls 

dical,  it  is  evident  llmt  the  composition  of  ihk  radical  can  unria  «j 
enee  on  the  eaparity  of  saturRliun. 

"Tlio  Capncity  of  salumliun  uf  ihce«  aeiils  augtucDUot  dunituta 
ttme  ratio  ns  lUe  quantity  of  hydrogcii.  not  enlrriiig  iaiu  iW  Mfe  I 
Rugraeate  or  dimiaislies. 

"  If  into  the  compoHition  of  the  salt  nulical  there  ahoaU  lie  iaMiH 
nndelermined  quuatity  of  any  tlemeats.  withoui   c-han|itu  tlMfHI.,^ 
hydrogen  extraocoua  Ui  tho  rHdJosl,  the  atoniie  irci^ht  of  Ihr  wi(« 
\i«  augmented,  but  the  capacity  of  saluration  would  tciasui  tht  im  ' 

62.  As  by  Ute  advocates  of  the  existence  of  "  •oft  radiralt,'  i 
is  considered  as  playing  the  part  of  a  metallic  radical,  nnd  na«,tl 
as  respects  any  relation  between  it  «nd  the  capacity  of  muniic«i.b*i 
same  predicament  aa  any  other  electro* positive  mdiciil,  I  atatn  a» 
wherefore  laws,  which  affect  every  other  body  of  this  klad,  cboftUtci 
as  if  particularly  associated  with  hydrt^on.* 

93.  Would  not  a  more  comprehensive  and  oonvci  idn  be 
the  following  language? — 

94.  From  any  combination  of  aa  acid  with  a  base,  eilliw  ll»  lM«i 

radical  may  be  replaced  by  any  other  radical  or  base,  btnraat     

tlie  other  elemente  present,  there  is  a  higher  nffinity.  OfcDuntlivai 
called  hydrated,  from  tbcir  liolding  an  ntom  of  baaic  «-anv,  citlrribf 
or  itt  radical  (hydrogen),  may  be  replaced  by  any  either  owipcw  bi 
nuliuil. 

65.  The  premises  being  manileslly  fnllncious,  stilt  mow  »  ii  ck) 
qiient  nllegnlion,  ihoi  in  consequence  of  rhe  hydrwtcd  acids  V^ 
pounds  formed  with  hydrogen,  Iheir  capacity  of  satuistieo  ifr^^n 
quantity  of  this  clement  which  can  be  replaced. 

96.  Is  not  this  an  inversion  of  the  obvious  truth,  that  ti«'  fW-~' 
hydrogen  present  is  as  ihe  capacity  of  saturation;  and  ihol.aaMfctl' 
quantity  of  any  element  which  can  be  substituted  for  it,  niutfkii^a*^ 
lent  proportion?     Would  not  a  student,  from  this,  take  up  Im  toM* 
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"  I  nni  of  opinion  IhTil  the  employroent  of  the  word  hydnciJ  as  r"-mi .uma 
oxacid,  niudt  lend  to  convey  Ihc  erroneous  idss.  with  which,  in  opp.«iM  v>  »*• 
definition,  ths  author  Hetms  In  hnvo  been  imbued,  [hat  hvdrvfpn  in  Ur  «■  i^O 
pUjs  (he  saniG  part  »a  oxygen  in  the  olhor.  But  in  realFiv.  Uib  ronoB  -  ow«» 
acnmbuBtible,and  ofconnc  the  radical,  by  his  own  defini'lian  " 

So  entirely  have  I  conciirreii  in  cnnwdering  hydrogen  ns  an  Jfnfo™  wrW  ■»» 
for  more  Ihnn  Iwenly  yoiirs,  I  Imve,  in  rny  locturei,  accounted  for  ili»  4iB«!r'»s* 
of  mercury  wlien  electrolysed  in  contncl  with  sal  uintnoniac,  by  inlrmM  ■  in*" 
to  be  a  gisenua  alloy  of  two  metallic  ingredient*,  hydnigcn  mJ  aUnpnV^^ 
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— first,  that  the  capacity  of  saturation  is  conferred  by  the  radical,  and 
3  next  place,  that  of  all  radicals,  hydrogen  alone  can  give  such  a  ca- 
yl     Is  it  not  plain,  that  the  assertion  here  made  by  the  celebrated  au- 
would  be  true  of  any  radical? 

.  Passing  over  a  sentence  which  has  no  bearing  on  the  topic  under 
ssion,  in  the  fourth  allegation  we  have  a  reiteration  and  expansion  of 
rror  of  those  by  which  it  is  preceded.  We  are  informed  that  the  ^^ca- 
!y  of  saturation  augments  and  diminishes  with  the  quantity  of  hy- 
en  which  can  be  replaced,^^  which  is  again  an  inversion  of  the  truth, 
the  quantity  of  hydrogen  varying  with  the  capacity,  the  quantity  of 
Dther  radical,  competent  to  replace  it,  must  be  in  equivalent  propor- 

.  Is  not  the  concluding  allegation  a  mere  truism,  by  which  we  are 
med,  "that  if  any  undetermined  quantity  of  any  element  should  be  in- 
iced  into  the  composition  of  the  radical,  without  changing  the  capacity 
leasured  by  hydrogen),  the  capacity  would  be  found  the  same  when 
ured  by  any  other  radical?" 

'.  As  all  that  is  thus  ascribed  to  hydrogen  must  be  equally  true  of 
other  radical,  there  would  have  been  less  liability  to  misapprehension, 
he  generic  term  radical  been  employed  wherever  hydrogen  is  men- 
d.  But  by  employing  the  word  radical  to  designate  halogen  elements, 
dvocates  of  the  existence  of  compound  radicals  in  amphide  salts  have 
ved  the  word  in  question  of  much  of  its  discriminating  efficacy.     In 

their  nomenclature  would  confound  ail  ultimate  elements  under  one 
ric  appellation,  and  all  their  binary  combinations  under  another,  so  that 
st  every  chemical  reagent,  whether  simple  or  compound,  would  be  a 
)r  a  radical. 

0.  Before  concluding,  I  feel  it  to  be  due  to  the  celebrated  German  che- 
above  mentioned,  to  add,  that  however  I  may  differ  from  him  as  to  the 

being  hydrurets  of  compound  radicals,  I  am  fully  disposed  to  make 
owledgments  for  the  light  thrown  by  his  analytical  researches  on  or- 
i  chemistry,  and  the  successful  effect  of  his  ingenious  theoretic  specu- 
is,  in  rendering  that  science  more  an  object  of  study  with  physicians 
agriculturists. 


AN  ABSTRACT 

♦Vom  Kane*s  ElemeniSj  of  the  •/irffumenis  in  Favour  of  the  Ex- 
istence  of  Compound  Radicals  in  •dmphide  Salts, 

It  appears  proper  to  give  the  student  of  this  text  book,  the  option 
if  studying  the  arguments  which  it  is  the  object  of  the  preceding 
>age8  to  refute.  Hence  I  subjoin  the  following  abstract  from  Kane's 
Slements,  page  681: — 

"  It  had  been  lon^  remarked  as  curious,  that  bodies  so  totally  diflferent  in  compo- 
lition  as  the  compound  of  chlorine  with  a  metal  on  the  one  hand,  and  of  an  oxyften 
icid  with  the  oxide  of  the  metal  on  the  other,  should  be  so  similar  in  properties,  Uiat 
M>th  must  be  classed  together  as  salts ^  and  should  give  origin  to  series  of  basic  and 
icid  compounds  for  the  most  part  completely  parallel.  1  nis  difficulty  has  been  so 
Dinch  felt  by  the  most  enlightened  chemists,  that  doubts  have  been  raised  as  to  whe- 
ther the  acid  and  base,  which  are  placed  in  contact  to  form  by  their  union  an  oxygen 
■Jt,  really  exist  in  it  when  formed;  and  it  has  been  suggested,  that  at  the  moment 
of  union  a  now  arrangement  of  elements  takes  place,  by  which  the  structure  of  the 
fMalting  salt  is  assimilated  to  that  of  a  compound  of  chlorine  or  of  iodine  with  a 
metaL  This  view,  at  first  sight  so  far-fetched,  which  considers  that  in  j^laubor's  salt 
there  is  neither  sulphuric  acid,  nor  soda,  but  sulphur,  oxygen,  and  sodium,  in  some 
other  and  simpler  mode  of  combination,  is  now  very  extensively  received  by  che- 
mists ;  and  I  snail  proceed,  therefore,  to  describe  with  some  detail  the  form  which  it 
has  assumed,  and  the  evidence  by  which  it  is  supported. 

The  greater  number  of  those  bodies  which  are  tennod  oxygen  acids,  have  not  been 
in  reali^  insulated,  and  what  are  popularly  so  called  are  merely  supposed  to  contain 
the  dry  acid  combined  with  water.  Thus  the  nearest  approach  we  can  make  to  ni- 
tric acid,  is  the  liquid  NOH  ;  to  acetic  acid,  the  crystalline  body  C^lf^O>;  and  to 
oxalic  acid,  the  sublimed  crystals  C^O^fl ;  we  look  upon  these  bodies  as  beini;  com- 
binations of  the  dry  arid  with  water,  and  we  write  their  formulae  JNO'-j-  IIO,  and 
C«H303-f  MO  and  CVOS-f  HO,  but  that  those  dry  acids  oxint  at  all  is  a  mere  as- 
sumption.  Hence  with  regard  to  these  instances,  and  they  embrace  the  majority  of 
all  known  acids,  the  idea  that  the  acid  and  base  really  exist  in  the  salt  foriiieu  by  tlie 
action  of  hydrated  acids  on  a  base,  is  purely  theoretical. 

When  we  compare  the  constitution  of  a  neutral  salt  with  that  of  the  hydrated  acid 
by  which  it  is  formed,  we  find  the  positive  result  to  be  the  substitution  of  a  metal 
for  the  hydrogen  of  the  latter,  thus,  SO*  -\-  HO  gives  with  zinc  SO^  -\-  ZnO ;  and 
where  a  metu  is  acted  on  by  an  hydrated  acid,  tlie  hydrogen  is  thus  evolved  cither 
directly  as  gas,  or  it  reacts  on  the  elements  of  the  acid  and  givos  rise  to  secondary 
products  which  are  evolved,  such  as  sulphurous  acid,  nitric  oxide,  &c.  In  all  cases 
we  may  consider  the  action  of  a  metal  on  a  hydrated  acid,  to  be  primarily  the  elimi- 
nation of  hydrogen  and  the  formation  of  a  neutral  salt.  But  in  this  respect  the  ac- 
tion becomes  completely  analogous  to  that  of  the  metal  on  a  hydracid,  except  that  in 
the  latter  case  a  haloid  salt  is  formed,  and  hence  we  assimilate  the  two  clasHcs  in 
constitution  by  a  very  simple  arrangement  of  their  formula*. 

There  are,  however,  a  number  of  acids  which  may  be  obtained  in  a  dry  and  iso- 
lated form,  as  the  sulphuric,  the  silicic,  the  telluric,  the  stannic,  the  arsenic,  the 
phosphoric,  A^c,  and  when  they  combine  with  buses,  it  is  iiutst  natural  to  consider 
the  union  as  being  direct,  and  that  the  salt  contains  acid  and  base  really  as  such. 
This  is  accordingly  the  strongest  point  of  the  ordinary  theory.  But  other  and  im- 
portant circumstances  intervene.  These  acids,  although  they  may  be  obtained  free 
from  water,  yet  in  that  state  they  combine  with  bases  but  sety  feebly,  and  require  a 
high  temperature  in  order  to  bring  their  affinities  into  play.  On  the  other  hand,  io 
alicases  where  these  bodies  manifest  tlieir  acid  characters  in  the  highest  degreoi 
thev  are  combined  with  water,  as  in  oil  of  vitriol  and  phosphoric  acid,  and  wheo  ex- 
pelled from  combination  with  a  base,  they  immediately  enter  into  eombination  with 
water  in  an  eauivalent  prt)portion.  Thus  where  phosphate  of  lime  b  deoompoaed 
by  oil  of  vitriol,  it  is  not  phosphoric  acid  (PO>)  wnich  it  foaiid  in  the  Uqoor,  bnl  iti 
D 


He  acid  in  T&poar,  uid  yet  cold  barylea  and  oil  of  t 
tansitf  u  to  produce  ignition,  whilit  the  Ixuytei  m 
combina  with  the  dry  sulpburic  iicid.  The  water,  tl 
foitation  of  strong  acid  propcrbei,  and  it  daea  not  a 
merely  u  a  base.  What,  tben,  ii  tiio  conalitution  < 
When  niuriatic  arid  (H.CL)  acts  on  ilnc,  the  u 
and  liydrngon  it  e;ipcl1ed.  and  ir,  in  placn  of  zinc,  c 

water  \  I'lCi  and  ZnO  giving  'ZncTand  HO.  Now 
nifnls  SO'li  rombined  loeclber ;  wben  put  in  conl 
SO<Zn  ia  runiied,  and  witli  ZnO  and  SO'H,  thero  ! 
Bsl  free.  In  Iwth  cases,  of  which  llie  fnrtner  may 
haloid  ealt»  .iti()  llie  latlei  of  all  sails  formed  by  ox, 
nicnl  which  is  remnvable  by  a  metal,  precisely  aa  i 
llirr,  DB  indeed  from  the  real  metallic  characler  ol 
occur  in  this  case.  Every  acid  may,  therefore,  be  ^ 
combined  u-itb  an  elortra-negatiTe  clement,  which  i 
flimrinc  ;  .ir  may  bo  com[iound,  as  cyanniren,  NC,  i 
or  aa  occurs  in  the  jruat  majority  of  casoa,  iu  elem 
main  toyelber  when  in  c.mbinal.on.  Thue  oil  of  i 
HO,  but  nin^isls  of  hyilnigcn  united  to  a  cumpoun< 
does  n  .t  cutitain  NU'  and  IIO,  but  consists  of  hydr 
cal  NO\  and  U.e  acetic  acid  is  written  C<HX>*  ■+■  I 

The  elegance  and  simplicity  with  which  the  Ia< 
deduced  frum  these  principles  is  really  remirkablc 
a  fact  Bubslantialed  by  eiperitnent,  that  in  neutral 
of  acid  were  proportional  lo  the  number  of  equival 
tbc  ordinary  theory  gave  no  indication  of  why  this 


M  +  O  and  H  +  R,  produce  H  + 

and  in  the  neutral  sail  there  is  an  equivalent  of  eac 
oxide,  in  order  tlial  water  shall  be  formed,  and  so 
the  reaction  is  that 

M>  +  OS  and  3  (H  +  R>,  produce  3  (H 

a  ■esqui-compound  being  formed  perfectly  aoolo^Di 
bar  of  atonu  of  acid,  3  (H  -4-  R),  is  equal  to  the  nut 
baae  (M'0>),  because  that  number  of  atoms  of  hydr< 
poailiOB  of  the  base.     In  Lke  manner  lor  a  deutoxid 
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enee  there  im  no  other  proof  than  their  utility  in  supporting  this  view,  becomes  more 
powerfui  ts  an  objection,  when  we  proceed  to  apply  its  principles  to  the  salts  of 
phosphoric  acid.  For  it  has  been  already  described,  that  this  acid  forms  three  dis- 
tinct classes  of  salts,  all  neutral,  and  which  have  tlicir  origin  in  the  three  hydrated 
•tates  of  the  phosphoric  acid.  These  states  are  written  on  the  two  views  as  fol- 
lows : — 

Old  TlMorj.  New  Theory. 

Monobasic  acid,        PO*  +  HO  PO«  -f  H 

Bibasic  acid,  PO»  +  2HO  PO^  -f  H» 

Tribasic  acid,  PO*  -f  3HO  PO«  +  H» 

Now  it  appears  very  useless,  where  the  older  view  accounts  so  simply  for  the  pro- 
perties and  constitution  of  these  salts,  to  adopt  so  violent  an  idea,  as  that  there  are 
three  distinct  compounds  of  phosphorus  and  oiygen  which  no  chemist  has  ever  been 
Able  to  detect  But  here  again  other  circumstances  must  be  studied ;  first,  the  dif- 
ference ofproperties  of  phosphoric  acid,  in  its  three  states,  is  totally  inexplicable,  on 
the  idea  or  their  being  merely  three  degrees  of  hydration.  Nitric  acid  forms  three 
hvdrates,  but  when  neutralized  bv  potash,  it  always  gives  the  same  saltpetre  ;  sul- 
pooric  acid  forms  two  perfectly  dennite  hydrates,  but  with  soda  forms  always  the 
same  glauber's  salt;  whilst  phosphoric  acid,  when  neutralized  by  soda,  gives  a  dif- 
ferent kind  of  salt  according  to  the  state  it  mav  be  in.  Also,  the  permanence  of 
these  conditions  of  phosphoric  acid  is  a  powerful  proof  that  tliey  do  not  consist  in 
the  adhesion  of  mere  water.  The  idea  that  the  phosphoric  acid  is  a  different  hv- 
dracid  in  each  of  its  three  conditions,  on  the  other  hand,  not  merely  explains  the 
fact  of  these  differences  ofproperties,  but  it  renders  the  formation  of  bibasic  and  tri- 
baaie  salts,  which  is  such  an  anomaly  on  the  old  theory,  a  necessary  consequence  of 
the  new,  for  the  phosphoric  salt  radicals,  PO,  PO^,  and  PO^,  differ  not  merely  in  the 

Suantity  of  oxygen  they  contain,  but  are  combined  with  different  quantities  of  hy- 
rogen,  and  hence  in  acting  on  metallic  oxides  (bases),  there  is  a  different  number 
of  atoms  required  for  each  to  replace  the  hydrogen  and  form  water.    Thus — 

PO^.H  and  NaO  give  HO  and  PO^.Na.  monobasic  phosphate  of  soda, 
PO^.Hs  and  2NaO  give  2HO  and  PO?  Na^.  bibasic  phosphate, 
PO«.H3  and  3NaO  give  3HO  and  PO«.Na'.  tribasic  phosphate. 

A  circumstance  which  ^ives  additional  renson  to  infer  that  the  water  is  not  merely 
as  base  in  the  phosphoric  acid,  is  the  following :  if  it  were  so,  then  it  should  be  most 
completely  expelled  bv  the  strongest  bases,  and  the  bibasic  and  tribasic  phosphates 
of  tne  alaalies  should  be  those  least  likely  to  retain  any  portion  of  the  basic  water; 
but  the  reverse  is  the  fact;  whilst  oxide  of  silver,  a  very  weak  base,  is  tliat  which 
most  easily  and  totally  replaces  the  water.  On  the  idea,  however,  of  hvdracids,  this 
is  easily  understood,  for  the  oxide  of  silver  is  one  most  easily  reduced  by  hydrogen, 
end  consequently  one  on  which  the  action  of  a  hydrogen  acid,  as  PO**  -j-  H*^)  or  PO^ 
-^-  H>,  would  be  most  completely  exercised. 

A  remarkable  verification  of  this  theory  has  been  recently  found  in  the  decompo- 
sition of  solutions  of  the  oxysalts  in  water,  by  voltaic  electricity.  It  has  been  al- 
ready explained  (pp.  314  et  seq.)^  that  it  requires  the  same  quantity  of  electricity  to 
decompose  an  equivalent  of  any  binary  compound,  such  as  iodide  of  lead,  chloride 
of  silver,  muriatic  acid,  or  water.  Now,  if  we  dissolve  sulphate  of  soda  in  water, 
and  pass  a  current  of  voltaic  electricity  through  that  solution,  we  have  water  decom- 
poaed,  and  also  the  glauber's  salt;  oxygen  and  sulphuric  acid  being  evolved  at  one 
pole,  and  soda  and  hydrogen  at  the  other.  Here,  on  the  old  view,  the  electricity 
perforins  two  decomposing  actions  at  the  same  time,  and,  as  it  thus  divides  itself,  its 
action  on  each  must  be  lessened,  and  thequantity  of  each  decomposed  be  diminished, 
so  that  the  sum  should  represent  the  proper  energy  of  the  current  On  measuring 
these  quantities,  however,  the  result  is  totally  dincrent,  the  quantity  of  sulphate  of 
aoda  decomposed  is  found  to  be  equal  to  the  mil  duty  of  the  current,  and  an  equiva- 
lent of  water  appears  to  be  decomposed  in  addition.  It  is  auite  unphiloeophio  to 
imagine,  that  the  strengtli  of  a  current  should  be  thus  suddenly  doubled,  and  a  aim- 
pie  snd  sufHcient  explanstion  of  it  is  found  in  the  new  theory  of  salts.  The  sulphate 
of  soda  in  solution  having  the  formula  Na.SO^  is  resolved  by  the  current  into  its  ele* 
ments,  Na  and  SO^,  as  chloride  of  sodium  would  also  be ;  the  sodium,  on  emerging 
at  the  negative  electrode,  from  the  influence  of  the  current,  instantly  decomposes 
water,  and  soda  and  hydrogen,  of  earh  an  equivalent,  are  evolved;  at  the  positive 
electrode  the  compound  radical  SO*  also  decomposes  water,  and  produces  H.SO* 
and  O.  The  appearance  of  the  oxygen  and  hydrogen  is  thus  but  secondary,  and  the 
body  really  decomposed  by  the  current  is  only  Na  SO*. 
In  the  case  of  the  salts  of  such  metals  as  do  not  decompose  water,  the  pheaooMna 


^ 
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tiie  batlerr,  jiolds  nielHllie  copper  nl  the  noestive,  Knd  BUJphilriD  Mti  >hmb 
Bt  the  positive  electrode,  nnd  the  iiusntilv  ofcopppr  ■cparatRd  rnpfneala  iwJM 
enerr;  of  the  current  which  hu  passed,  for  tho  aalt  being  Ca.BO*.  a  axifljimd 
into  lis  elementa,  bat  SO^  reacting  on  tho  w-iit«t.  protluiroi  H-SfH  udfliitew 
tire  eUctroile.  On  the  old  view,  it  wu  sappiMtft)  that  water  ■tid  (alpluxf  ^ 
were  both  decompmeil,  otj^n  and  ueid  being  BToIred  at  oii«  trie,  mil  otiai  rf^ 
per  and  hydrogen  being  sepBTiited  at  Iha  other  1  which  rvading  prnivfc  nMM 
the  metal.  Such  on  explsnnlion, however,  ia  direollj'  oppo««d  tolhi  livrflk^ 
nite  action  of  elect  ricjly,  and  eaaiial  he  received. 

In  IhocaMofsulnlionsoF  chloride]  or  iodides,  where  there  cui  be  M  fc«l 
celationa  of  the  elcnienia,  the  reaulln  nf  voltaic  decomponitioo  arc  prwinif  i 
Chloride  of  copper  gives  simply  chlorine  and  copper,  no  water  b«n(  dtna 
Chloride  of  sodiiim  or  iodide  of  potasEiom  give  chloriqe  or  iodine  U  Ik*  « 
Irode,  and  alkali  and  hydmgen  attfaa  other;  thu  e*oIuliori  fif  thtii  toitbeiif 
by  the  action  of  the  ciclsllic  baeis  dd  the  water  of  the  •olutkia. 

Proreesor  DanicU,  to  whom  Ibeae  important  eleclTo-chctnieal  naMnk** 
CDDsidera  tho  truth  vf  the  binaif  theory  of  lalis  to  be  full;  oaliblahed  b;  ^m. 

If  this  ttieor;  be  adi'ptcd.  a  profound  change  ill  our  iioRieiMlalar*  ef  •^«ak>l 
coiDo  neceHary.     Graham  has  proposed  that  the  usme  of  U>»  Mit  raAsai   *    "*~ 
formed  by  prefixing  to  the  word  oi^gea  the  lirst  word  of  ib»  ndiaarfaa 
class  of  salli,  and  thai  the  salts  bo  termed  hy  changing  inumm  IIM  «ii<ii    H 
SO*,  sulphotoiijgrn,  gives  salphatoxidos,   the  eulphateg.      HO*  niliataiysi&  p 

oitratoiidGB,  the  nitrates,  and  so  on  ;  but  I  conaider  that  tfaa  Ana  if  a ttim 

proposed  by  Dautell  deserves  the  preference.  It  bas  been  dMorifcal  <*  3I4VM 
Faraday  propOBed  to  tonn  the  elements  which  paaa  to  the  rieetmles  Mf  Iks  kl — 
iota;  HcLng  on  Iliii,  OaDiell  proposes  to  term  the  electro-negMim  alraHl  • 
■nlpbatesDi^SHtpAiDii,  thai  of  the  nitrates  nyititrian,  aod  ao  on,  aadlb*  salliBi 
termed  oiyaulpiiion  of  copper,  oijnitrion  of  sodiuin,  &c.  It  ircnU  ke  *■ 
however,  for  a  long  time,  lo  introduce  these  naniea  onlj^  where  iheflreberf  a 
rations  rendered  their  employment  decidedly  useful,  and  henne,  in  aS  latBi    ' 

tion  of  the  salts,  I  shall  make  u«e  of  the  lang-uage  of  our  ordinary  rmn,  c 

their  preparation  and  composilion  without  any  reference  to  the  diKaHue  ia  etii  | 
wa  havB  been  engaged.  i 

The  general  adoption  of  the  binary  theory  of  salt*  hu  ^prired  of  mvktf  •»' 
terest  and  imporlaucc  a  question,  which  some  years  since  was  vrrr  infsin^  fc  ■ 
cuaaed,  vii— whellior,  in  the  formation  of  double  aaJls.  the  salu  which  «»•*»**  ' 
aame  relation  to  each  other  that  acid  and  base  were  then  thaugtil  to  kaia  Thsl 
wai  supposed  that  the  eleclro-negaUre  qnolitiea  of  aiilpfanTic  acid  he^  ^  ■» 
trolled  by  oxide  of  copper  than  by  potaah,  the  alkaline  aulphate  aelsd  aabat* 
the  Butphate  of  copper,  when  these  ta<o  salts  cambioed  to  form  the  doobk  nVttt 
of  potash  and  copper,  and  so  on  in  other  instances  ;  but  in  addili'^n  In  iJ^  ^i"- 
stance  that  all  ive  have  said  as  lo  llie  conslitulion  of  the  salts  mifiUtet  aji  ^  -^ 
view,  we  have  the  positive  evidence  that,  first,  these  double  salla  are  forrnV;:'"' 
combination  merely,  but  by  replacement  of  (he  constitutional  water  r.f  thtf^-:f^ 
of  the  copper  or  mngncsian  class,  which  water  nobody  would  contend  i.i  it!  .t  'V. 
as  u  base  ;  and  second,  that  when  a  solution  of  »nch  a  double  salt  is  ■i-^ca^f-  -  - 
the  battery,  the  two  salts  are  not  separated  as  if  (hey  were  acid  and  latt.'  K^  v 
decomposed  independtntly  in  the  proporlions  of  an  equivalent  of  each,  nutj:;:'- 
gether  the  sum  of  tlie  chemical  energy  of  the  current, 

A  similar  idea  was  advocated  by  BonsdorTre^rardin^  (he  double cblohc&.^-i■^ 
&c.  He  proposed  to  consider  the  chlorides  of  gold,  platina,  mercuii'.  Ac  .  »,'t 
rine  acids,  and  (hose  of  potaisiuin,  &c.,  as  chlorine  bases,  and  so  mih  Uie  <'^'' 
This  view,  however,  although  at  first  very  e;itcnsivL'lv  adopicd,  hij  fi'«  -='' 
the  gradual  growth  of  knowledge.  There  is  no  analopy  beiHoen  adrt"iit;'B'  ■: 
and  a  chloride;  but  the  chlorides  are  in  perfect  anoloiry  with  ihe'atijiril  av- 
Thua  CuCI  docs  not  resemble  SOJ,  but  Cu.SO*  and  CuCf -)-  KCI  i,  uiaLi'  -'  ■  - 
toSCKO,  but  to  the  double  salt  Cu  SO' +  K.SO'.  BonsdorlT'i  id*iirM«i  •■ 
counlerto  the  direction  uf  truth  ;  he  aouglit  to  bring  all  aalui  under  the  oDt  t.'-- 
extending  lo  all  the  conalilul.ion  of  oiygen  acids  and  oxygen  bases,  whiM  iSr  « 
gresE  of  science  has  led  us  to  the  opposite  generalization  of  reducing  all  ulu-'  '■^^• 
simple  haloid  type," 
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